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Preface

Infections and their complications are a very important clinical area in the intensive
care unit setting. Community-acquired infections and nosocomial infections both
contribute to the high level of disease acquisition common among critically ill pa-
tients. The accurate diagnosis of nosocomial infections and the provision of appro-
priate therapies, including antimicrobial therapy effective against the identified
agents of infection, have been shown to be important determinants of patient out-
come. Critical care practitioners are in a unique position in dealing with infectious
diseases. They are often the initial providers of care to seriously ill patients with
infections.

Additionally, they have a responsibility to ensure that nosocomial infections are
prevented and that antimicrobial resistance is minimized by prudently employing
antibiotic agents. It is the editors’ hope that this book will provide clinicians practic-
ing in the intensive care unit with a reference to help guide their care of infected
patients. To that end they have brought together a group of international authors to
address important topics related to infectious diseases for the critical care practi-
tioner.

February 2007 Jordi Rello
Marin H. Kollef

Emili Dı́az
Alejandro Rodrı́guez
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Biomèdiques August Pi i Sunyer (IDIBAPS), Hospital
Clı́nic, Villarroel 170
08036 Barcelona, Spain

H. Dele Davies, MD, MSc
Departments of Pediatrics and Human Development
Michigan State University, College of Human
Medicine, B240 Life Sciences Building
East Lansing, MI 48824, USA

Pieter Depuydt, MD
Department of Intensive Care, Ghent University
Hospital, De Pintelaan 185
9000 Ghent, Belgium

Emili Dı́az, MD, PhD
Critical Care Department, University Rovira &
Virgili Medical School, Institut Pere Virgili, Joan
XXIII University Hospital, Carrer Mallafré Guasch, 4
43007 Tarragona, Spain

George Dimopoulos, MD, PhD
Department of Intensive Care, ATTIKO University
Hospital, Medical School, University of Athens
7 Kiprou Av., 14569, Anixi, Attiki, Athens, Greece

Pere Domingo, MD, PhD
Department of Internal Medicine, Hospital de la Santa
Creu i Sant Pau, Terol 2–4 2nd
08012 Barcelona, Spain

Soumitra R. Eachempati, MD
Division of Critical Care and Trauma, Weill Medical
College of Cornell University, New York, USA

Charles E. Edmiston, Jr, PhD, CIC
Department of Surgery, Medical College of Wisconsin
& Froedtert Hospital, 9200 West Wisconsin Avenue
Milwaukee, WI 53226, USA

Magı́ Farré, MD, PhD
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José Manuel Pereira, MD
Serviço de Cuidados Intensivos, Hospital de S. João
Porto, Portugal
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43007 Tarragona, Spain

Jorge Roig, MD, PhD
Pulmonary Division, Hospital Nostra Senyora de
Meritxell, 1–13 Fiter Rosell, Escaldes, Andorra AD700

Mohamed Saad, MD
Department of Pulmonary, Critical Care and Sleep
Medicine, University of Louisville, 550 S. Jackson
Street, ACB-3, Louisville, KY 40202, USA

Miquel Sabria, MD, PhD
Infectious Diseases Department, Hospital Universitari
Germans Trias i Pujol, Badalona, Barcelona, Spain

Alberto Sandiumenge Camps, MD
Critical Care Department, University Hospital Joan
XXIII, 43007 Tarragona, Spain

Dan Schuller, MD
Pulmonary and Critical Care Division, Creighton
University Medical Center, 601 North 30th Street
Suite #3820, Omaha, NE 68131, USA

Gary R. Seabrook, MD
Division of Vascular Surgery, Medical College of
Wisconsin, 9200 West Wisconsin Avenue
Milwaukee, WI 53226, USA

Rafael Sierra, MD, PhD
Intensive Care Unit, University Hospital Puerta del
Mar, University of Cádiz, Av. Ana de Viya 21
11009 Cádiz, Spain

XXII List of Contributors



Jaisi Sinha, MRCPath
National Public Health Service Cardiff, University
Hospital of Wales, Heath Park, Cardiff, CF14 4XW, UK

Antonio Sitges-Serra, MD
Department of Surgery, Hospital Universitari del
Mar, P. Marı́tim 25–29, 08003 Barcelona, Spain

Joseph S. Solomkin, MD, PhD
Department of Surgery, University of Cincinnati
College of Medicine, 231 Albert Sabin Way
Cincinnati, OH 45267-0558, USA

Jean-François Timsit, MD, PhD
Medical Intensive Care Unit, University Hospital
Albert Michallon, 38043 Grenoble, & INSERM U578
Grenoble, France

Antoni Torres, MD, PhD
Respiratory Intensive Care Unit (UVIR),
Pulmonology Department, Hospital Clı́nic, C/
Villarroel 170
08036 Barcelona, Spain

Mauricio Valencia, MD
Respiratory Intensive Care Unit (UVIR), Pulmonology
Department, Hospital Clı́nic, C/Villarroel 170
08036 Barcelona, Spain

Jordi Valles, MD, PhD
Critical Care Department, Institut Universitari Parc
Tauli, Hospital Sabadell, Parc Taulı́, s/n
08208 Sabadell, Spain

Koenraad Vandewoude, MD
Department of Intensive Care, Ghent University
Hospital, De Pintelaan 185, 9000 Ghent, Belgium

Loreto Vidaur, MD
Critical Care Department, University Rovira & Virgili
Medical School, Institut Pere Virgili, Joan XXIII
University Hospital, Carrer Mallafré Guasch, 4
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1Approach to the Febrile Patient
in the Intensive Care Unit
G.T. Dimopoulos

1.1
Introduction

Fever occurs in approximately one-third of all medical
patients during their hospital stay and in more than
90% of critically ill patients with severe sepsis [1]. Ac-
cording to the Society of Critical Care Medicine
(SCCM) and the Infectious Diseases Society of America
(IDSA), a temperature above 38.3°C (101°F) should be
considered as fever necessitating a clinical assessment.
The mean body temperature in healthy individuals is
36.8°C (98.2°F), with a range of 35.6°C (96°F) to 38.2°C
(100.8°F) and a slight diurnal/circadian variation of be-
tween 0.5 and 1.0°C [2, 3]. Patients with elevated tem-
perature in the ICU are in a closed monitoring system
undergoing accurate and reproducible measurements
using a variety of methods (instruments and tech-
niques) at different body sites (Table 1.1) [4].

The febrile response (fever is one of the compo-
nents) is a complex physiological reaction to disease in-
volving a cytokine-mediated rise in core body temper-
ature, generation of acute-phase reactants and activa-
tion of numerous physiological, endocrinologic and
immunologic systems. Fever, with its beneficial and
deleterious effects, occurs as a response to infection,
increasing several parameters of immune function (cy-
tokine production, T-cell activation, neutrophil and
macrophage function).

Table 1.1. Measurement of
fever

Site Method Comment

Pulmonary artery Mixed venous blood Pulmonary artery catheter

Infrared ear Thermometer Values a few tenths below values in the
pulmonary artery catheter and brain

Rectal temperature Mercury thermometer
or electronic probe

A few tenths higher than core tempera-
ture

Unpleasant and intrusive for patients

Oral measurement Thermometer Influenced by warmed gases delivered
by respiratory devices, by eating and
drinking

Axillary measurement Thermometer Underestimates core temperature, lacks
reproducibility

However, the management of the critically ill febrile pa-
tient can be characterized as a diagnostic dilemma (in-
fectious or non-infectious cause) and a response from
the physician and staff (to treat or not to treat) which
varies institutionally. Frequently in the same ICU fe-
vers of mixed causes are seen on evaluation of the pa-
tient, and before the cause of fever is confirmed phar-
macologic and/or mechanical antipyretic therapy is
administered. This traditional point of view shows the
misconceptions about the detrimental effects of fever
(seizures, brain damage, etc.) and the response from
the physician to psychosocial pressure, which however
leads to increased medical costs (use of paracetamol,
icepacks, cooling blankets) and organ dysfunction (in
volume depleted patients or in those with renal and
kidney diseases) despite the evidence that fever is a
beneficial response to infection [5, 6].

1.2
Physiology and Pathogenesis of Fever

After the action of exogenous stimuli (endotoxin, vi-
ruses, etc.), different endogenous pyrogens [interleu-
kin (IL)-1, tumor necrosis factor (TNF), IL-6 and inter-
ferons] released by monocytic cells bind to specific re-
ceptors located to the preoptic region of the anterior
hypothalamus [7]. The subsequent manifestation of fe-
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ver appears to be an upregulation of the thermostatic
set point for body temperature in this preoptic area.
The brain is protected from large proteins, such as py-
rogens (15,000–30,000 daltons), entering in a sufficient
quantity by a blood-brain barrier recognizing them at
certain sites known as circumventricular organs, which
represent small neuronal cell groups with fenestrated
capillaries allowing neurons to come into contact with
different circulating substances directly from the
bloodstream. This leakage allows the central nervous
system to sense the presence of endogenous pyrogens,
which lead to the production of fever from the organum
vasculosum of the lamina terminalis (direct response
of the neurons within the organum vasculosum to cyto-
kines or response of astrocytes or microglia to cyto-
kines by producing prostaglandins) [8]. The interac-
tion of the cytokine receptors leads to phospholipase
A2 production, arachidonic acid liberation as substrate
for the cyclo-oxygenase-2 (COX-2) pathway and eleva-
tion of prostaglandin E2 levels, decreasing the rate of
firing of sensitive neurons and leading to decreased
heat loss and increased heat production [9, 10]. The
role of COX-2 is important because these components
induce fever development while its activity is inhibited
by selective inhibitors including NSAIDS (non-steroi-
dal anti-inflammatory drugs) and acetaminophen [11].

The febrile response is characterized by endocrine/
metabolic, autonomic and behavioral components
(Fig. 1.1) [8]. A slight elevation of body temperature
improves the efficiency of macrophages in killing in-
vading bacteria, impairs the replication of many micro-
organisms, minimizes the availability of glucose (sub-
strate for bacterial growth), reduces the demands of
muscles for energy expenditure, produces acute-phase
reactants which bind divalent cations necessary for the

Fig. 1.1. Fever and responses from different organs

proliferation of microorganisms and increases cortisol
and corticotropin secretion, aiding the organism to
cope with the stress. The beneficial effects of fever have
been shown (a) in mammalian models where the in-
creased body temperature led to enhanced resistance to
infection and (b) in clinical trials in adults with a posi-
tive correlation between maximum temperature on the
bacteremia day and survival or between a temperature
>38°C and survival in spontaneous bacterial peritoni-
tis [12, 13]. The deleterious effects of fever affect mainly
patients with cardiorespiratory symptoms (poorly tol-
erated due to the increased cardiac output, elevated ox-
ygen consumption, increased carbon dioxide produc-
tion and elevated energy expenditure) and neurosurgi-
cal patients with head injuries or cerebrovascular acci-
dents (moderate elevations of brain temperature exac-
erbate the resulting injury) [14, 15].

1.3
Causes of Fever in the ICU

Fever in the ICU arises from non-infectious and infec-
tious causes. The non-infectious causes (Table 1.2) ac-
count for half of fevers in the ICU not usually exceeding
38.3°C (101°F) [16]. These diseases are often obvious
without additional diagnostic procedures being neces-
sary. The medical history (recent medical interven-
tions, transfusions, recent antibiotics, other medica-
tions) along with the physical examination aids the cli-
nician in narrowing down the differential diagnosis.

In Cardiac Care Units the non-infectious causes of
fever [which rarely exceeds 38.3°C (101°F)] include
myocardial infarction, Dressler’s syndrome with peri-
carditis, thromboembolism (complications >10% of
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Table 1.2. Causes of fever in the ICU

System Infectious causes Non-infectious causes

CNS Meningitis, encephalitis Posterior fossa syndrome, central fever, seizures, cerebral
infarction, hemorrhage, cerebrovascular accident

Cardiovascular Central line, infected pacemaker,
endocarditis sternal osteomyelitis, viral
pericarditis

Myocardial infarction, myocardial/perivalvular abscess,
balloon pump syndrome, postpericardiotomy syndrome

Pulmonary VAP, mediastinitis, tracheobronchitis,
empyema

Pulmonary emboli, ARDS, atelectasis (without pneumonia),
BOOP, bronchogenic carcinoma without postobstructive
pneumonia, systemic lupus erythematosus pneumonitis

Gastrointestinal Intra-abdominal abscess, cholangitis,
cholecystitis, viral hepatitis, peritonitis,
diarrhea (Clostridium difficile)

Pancreatitis, acalculous cholecystitis, ischemia of the bowel,
bleeding, cirrhosis, ischemic colitis, irritable bowel syndrome

Urinary tract Catheter-associated bacteremia,
urosepsis, pyelonephritis, cystitis

Skin/soft tissue Decubitus ulcers, cellulitis, wound
infection

Bone/joint Chronic osteomyelitis, septic arthritis Acute gout

Other Transient bacteremias, sinusitis Adrenal insufficiency, phlebitis/thrombophlebitis, neoplastic
fever, alcohol/drug withdrawal, delirium tremens, drug fever,
fat emboli, deep venous thrombosis, postoperative fever
(48 h), fever after transfusions

ARDS acute respiratory distress syndrome, CNS central nervous system, VAP ventilator associated pneumonia, BOOP bronchioli-
tis obliterans organizing pnuemonia

myocardial infarctions), thrombolytic therapy with
hemorrhagic complications and administration of an-
tiarrhythmic medication (procainamide, quinidine)
[17]. Fever also occurs in deep venous thrombosis
without, however, the necessity for routine venography
as the initial diagnostic procedure of pyrexia [1].

In neurosurgical ICU patients, the commonest
causes of fever include posterior fossa syndrome, drug
fever, central causes, IV-line sepsis, meningitis, wound
infections and nosocomial pneumonia [18]. Wound in-
fections are caused mainly by the skin flora of the head
(group A streptococci, Staphylococcus aureus) or by
gram-negative pathogens after open-head trauma re-
sulting in low-grade fevers where the diagnosis is sim-
ple with the aid of culture materials. Postoperative
meningitis is common after open-head trauma proce-
dures characterized by a persistent fever after the initial
postoperative period. The diagnosis is made by Gram’s
stain and cerebrospinal fluid (CSF) culture. Posterior
fossa syndrome mimics meningitis, presenting stiff
neck, low level of glucose/increased level of protein and
predominance of polymorphonuclear leukocytes in
CSF. These findings are consequences of blood inser-
tion in CSF, and the differential diagnosis from bacteri-
al meningitis is based on the negative cultures and the
gradual lessening of meningeal symptoms as the num-
ber of red blood cells decreases in the CSF with time
[18]. Other causes include central fever resistant to an-
tipyretics (intracranial lesion, trauma affecting the
brain or hypothalamus) which exceeds 39°C (106°F)

and which is characterized by absence of perspiration,
anticonvulsive medications and deep venous thrombo-
sis including fat embolism in trauma patients [18]. Py-
rexia in the acute phase after head injury is extremely
frequent and deleterious for cerebral perfusion pres-
sure (CCP) affecting intracranial pressure (ICP) [19].
In tense patients antipyretic therapy is poorly effective
for controlling body temperature and is correlated with
a longer ICU stay [19].

Acalculous cholecystitis is the result of gallbladder is-
chemia and bile stasis, and is frequently unrecognized as
a cause of fever in critically ill patients (estimated inci-
dence of 1.5%) [20]. The diagnosis remains difficult es-
pecially in septic patients or in patients recovering from
abdominal sepsis because of the non-specific clinical
signs (pain in the right upper quadrant, nausea, vomi-
ting, fever) and laboratory workup. The radiologic in-
vestigation is performed with (a) ultrasound indicating
a wall thickness >3 mm, intramural lucencies, gallblad-
der distension, pericholecystic fluid and intramural
sludge; (b) CT scanning presenting high sensitivity and
specificity; and (c) hepatobiliary scintigraphy which is
associated with a high false-positive rate (>50%) [20].
Acalculous cholecystitis is related to a delayed diagnosis
which often progresses to ischemia, gangrene and perfo-
ration, indicating the necessity for a high index of suspi-
cion. Percutaneous cholecystostomy is the procedure of
choice for the definitive therapy but if the abdominal
signs, fever and leukocytosis have not ameliorated open
cholecystectomy is recommended [21].
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Fever due to drug hypersensitivity reaction or so-
called “drug fever” is a non-infectious cause of fever
characterized by unknown incidence (3–7% of febrile
episodes are attributed to drug reactions but many
more cases remain undiagnosed), a temperature range
of 38.8°C (102°F) to 40°C (104°F), difficult diagnosis
(usually established by exclusion because of the non-
specific signs and laboratory tests), shaking chills and
spiking temperatures [1, 22]. The usual scenario in the
ICU includes a critically ill patient in whom the infec-
tion is resolved and after an initial defervescence in
temperature a recurrence of fever is noticed. In this pa-
tient if the infection has resolved or has not been de-
tected at other sites, the antibiotics should be stopped.
If the patient is clinically stable but the infection has
not been resolved the antibiotics should be changed to
a combination with the same spectrum of pathogens
but without sensitizing potential. The presumed of-
fending agent in suspected drug fever should be with-
drawn. Taking into account the difficult diagnosis of
drug fever, the clinician has to evaluate non-specific
signs or symptoms, to avoid needless therapy and to
discontinue with safety the offending medication. A
concomitant maculopapular rash makes the diagnosis
simple but accompanies the fever in only 5–10% of
cases. Rarely present are an increased WBC count with
a left shift, a moderate elevation of serum transami-
nases, peripheral eosinophilia and a markedly elevated
erythrocyte sedimentation rate (>100 mm/h). Drug fe-
ver is associated with a lack of appropriate pulse rate
response and a relative bradycardia (in the absence of
intrinsic conduction defects or beta-blockade) [23].
The medications considered as high risk for drug-fever
development are all antibiotics (especially [ -lactams),
diuretics, [ -methyldopa, quinidine, hydralazine, pro-
cainamide, diphenylhydantoin, antiseizures and stool
softeners. Antibiotics with minimal risk for drug-fever
development include clindamycin, vancomycin, chlor-
amphenicol, aztreonam, doxycycline erythromycin,
imipenem, quinolones and aminoglycosides [1, 23]. Af-
ter the discontinuation of the offending medication, the
fever resolves usually within 72 h but when a rash is
present it persists for days or weeks.

Atelectasis is listed as a usual cause of fever in the
ICU leading to significantly increased levels of IL-1 and
TNF- [ of macrophages in the atelectatic lung [24].
Blood transfusions (especially platelet transfusion) in-
dicating an incidence of 0.5% are associated with a fe-
brile response within 30 min to 2 h after the transfusion
is begun and last 2–24 h preceded by chills (usually an
acute leukocytosis for up to 12 h has been present) [25].
Acute respiratory distress syndrome (ARDS) patients
in the late stage of the disease present with pulmonary
fibroproliferation, fever and leukocytosis in the ab-
sence of infection as a result of the inflammatory-fi-
brotic process in the airspace of the lungs [26].

In the initial postoperative period the majority of fe-
vers in the ICU are non-infectious (72% of fevers occur
in the first 48 h of surgery) caused by the release of en-
dogenous pyrogens into the bloodstream [2]. Postoper-
ative fever warrants a careful evaluation to rule out in-
fection, which is increasingly likely with time. In these
patients specific predisposing factors (specific type and
site of surgery) and underlying comorbidities leading
to certain postoperative infections (pneumonia is most
common in patients undergoing upper abdominal or
thoracic surgeries, wound infections usually occur in
upper abdominal surgery, urinary tract infections are
usually associated with lower abdominal procedures)
must be taken into account.

Malignant hyperthermia occurs after general anes-
thesia with depolarizing paralytic agents inducing
mutation in the calcium channel of muscle sarcoplas-
mic reticulum. Malignant neuroleptic syndrome is
considered a consequence of blockade of dopamine
receptors from antipsychotic drugs inducing muscu-
lar rigidity and inhibiting hypothalamic heat-con-
serving mechanisms and malignant neuroleptic syn-
drome. Heatstroke is seen more often in patients
under psychotropic medication or anticholinergic
drugs which inhibit normal heat loss through sweat-
ing characterized by a temperature exceeding 41°C
[8]. Malignant hyperthermia and malignant neuro-
leptic syndrome respond to administration of dantro-
lene and dopamine agonists (bromocriptine) to pre-
vent tissue damage although a diligent and simulta-
neous search is indicated for an underlying cause of
fever. The management of heatstroke includes discon-
tinuation of anticholinergic drugs and external coo-
ling of the body (first with ice baths and later with coo-
ling blankets).

The ICU-acquired infections show a prevalence of
between 10% (NNIS) and 20.6% (EPIC study), with
ventilator associated pneumonia (VAP) being the most
common followed by sinusitis, bloodstream and cathe-
ter-related infection, nosocomial diarrhea and wound
infections [27, 28]. Almost all cases of nosocomial
pneumonia developing in the ICU occur in patients un-
der mechanical ventilation. VAP occurs in 25% of me-
chanically ventilated patients presenting with leukocy-
tosis, purulent tracheal secretions and new or worsen-
ing infiltrates on the chest roentgenogram, but it is dif-
ficult to differentiate from other conditions character-
ized by the same symptoms and signs [29]. The most
aggressive diagnostic approach for VAP includes bron-
choscopy, bronchoalveolar lavage (BAL), semiquanti-
tative mini-BAL and protected specimen brush perfor-
mance. However, with prior antibiotic therapy these
techniques are considered of limited diagnostic value
[30]. The intensivist frequently has to differentiate
pneumonia from ARDS (acute respiratory distress syn-
drome) and LVF (left ventricular failure) because of the
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same pattern of pulmonary infiltrates. ARDS is charac-
terized in the chest X-ray by the low lung volume and
LVF from the immediate and permanent improvement
of pulmonary infiltrates after the administration of ag-
gressive therapy.

Gram-negative microorganisms account mainly for
nosocomial sinusitis while in 50% of cases isolates are
polymicrobial, indicating the pathogens commonly
colonize ICU patients. Sinusitis occurs with an inci-
dence of 5% of all nosocomial infections in the ICU
characterized by fever and leukocytosis (purulent na-
sal discharge is often lacking) commonly affecting
neurosurgical or trauma patients [22]. The diagnosis
is made by CT scan of the sinus, and predisposing fac-
tors are considered to be nasotracheal and nasogastric
tube placement, nasal packing, facial fractures and
steroid administration. Fever is present in a few cases
of nosocomial sinusitis and when a CT scan is per-
formed the fever may be attributed to a concomitant
infection.

Bloodstream infections (bacteremias) in the ab-
sence of an IV-line or catheters in the ICU patient origi-
nate from gastrointestinal and genitourinary systems.
Catheter related infection/sepsis (a bloodstream infec-
tion due to a pathogen that has colonized a vascular de-
vice) occurs with an incidence of 10 infections/1,000
catheter days, which increases with the length of time
(the catheter in situ), the number of ports and the num-
ber of manipulations. The pathogens which commonly
colonize/infect the catheters are Staphylococcus aureus,
coagulase-negative Staphylococci followed by entero-
cocci, Gram-negative bacteria and Candida species.
The management of catheter colonization remains con-
troversial including topical antibiotics and antimicro-
bial solution administration, subcutaneous tunnelling
of catheters and silver-impregnated subcutaneous
cuffs. The most effective method to reduce colonization
seems to be the antimicrobial bonding of central ve-
nous catheters using chlorhexidine gluconate, silver
sulfadiazine, minocycline and rifampin [31]. In the
case of catheter sepsis the catheter should be changed
to a new site and the tip must be cultured (quantitative
or semiquantitative). The replacement of the colonized
catheter should not be performed by guidewire because
of the rapid recolonization.

Intensive care unit patients frequently present with
diarrhea of infectious or non-infectious causes. Diar-
rheas of infectious origin are antibiotic associated and
present fever of low grade. The principal pathogen is
Clostridium difficile. A negative stool culture for C. dif-
ficile excludes the infectious origin of diarrheas and en-
teral feeding must be reconsidered because of the high
osmolality/flow rate of the enteral solution. In these pa-
tients the decreased volume (by one half) of enteral nu-
trition allows the cessation of diarrheas within 12–24 h
[32].

Intra-abdominal infections could be the main cause
of ICU admission or a secondary cause after abdominal
surgery. Abscess formation is the most common infec-
tion and is frequently complicated by acalculous chole-
cystitis, biliary sepsis and diarrhea due to C. difficile
[22]. Detection of the infection site is performed by CT
scan of the abdomen, ultrasound and nuclear medicine
techniques (gallium-67, indium-111 white blood cell
scintigraphy). Nuclear medicine techniques are used to
detect infections with non-localizing signs. CT scans
and ultrasound are used to evaluate focal findings (CT
scan is used mainly to detect infections sited in the
mid-lower abdomen/peritoneal cavity and ultrasound
for evaluation of infections in the pelvis and right up-
per quadrant of the abdomen) [33].

Fungi (mainly Candida spp.) are important oppor-
tunistic pathogens in the ICU associated with certain
predisposing factors characterized by the difficult diag-
nosis because of the lack of a laboratory method able to
distinguish colonization from infection. The diagnosis
of these infections is made by the identification of the
fungi from sterile or histologic specimens [34]. During
recent years cytomegalovirus (CMV) antigenemia has
been proposed as a cause of unexplained prolonged fe-
ver in severely ill immunocompetent ICU patients [35].
The significance of CMV detection is unknown because
the differentiation between CMV detection and CMV
disease represents a diagnostic dilemma, although pa-
tients with detectable CMV tend to have a higher mor-
bidity and mortality compared with patients in whom
the virus remains undetectable [35].

Intensive care unit-acquired urinary tract infections
(UTIs) have an incidence of 9.6/1,000 ICU days, com-
monly affect women/medical patients and despite the
increased morbidity associated with critical illness are
not a significant attributable cause of mortality in the
ICU [36]. The main pathogens associated with ICU-ac-
quired UTI development are Escherichia coli (23%),
Candida albicans (20%), and Enterococcus species
(15%) [37]. The management of UTIs includes antibi-
otic administration after urine culture performance
and specific preventive measures (use of a catheter
valve instead of a standard drainage system, use of a sil-
ver-alloy, hydrogel-coated latex urinary catheter in-
stead of uncoated catheters). The term “asymptomatic
bacteriuria” is frequently used to define the coloniza-
tion of the urinary tract without bacterial invasion and
acute inflammatory response. Bacteriuria should be
treated with antibiotics only after urinary tract manip-
ulations/surgery, in patients with kidney stones and in
patients with obstruction.
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Fever
Temperature > 38.3 °C (101°F)

temperature > 39 °C (102 °F)

1.4
Approach to the Febrile Critically Ill Patient
and Treatment

The approach to the febrile patient in the ICU includes
(a) an overview of the medical record (comorbidities,
recent procedures, current medications, indwelling de-
vices), (b) physical examination/review of the chest X-
ray and (c) evaluation of fever characteristics (magni-
tude, duration, relationship to the patient’s pulse rate,
temporal relationship to both diagnostic and therapeu-
tic interventions). In the ICU, fever could arise as re-
mittent or intermittent, sustained or appearing at dif-
ferent point times in the course of the patient’s illness,
after 48 h from mechanical ventilation initiation (VAP),
5–7 days postoperatively (abscess formation) or at the
10–14th ICU day (fungal infections). The cause of fever
varies according to the types of ICU and patient popu-
lation. In medical ICUs the commonest causes of fever
are secondary to myocardial infarction, pulmonary
emboli, acute pancreatitis, adrenal insufficiency, gas-
trointestinal bleeding, central catheter related infec-
tions, ventilator associated pneumonia (VAP) or drug
reactions. In surgical ICUs are additionally seen wound
infections, peritonitis or abscesses. In cases of un-
known origin where fever may fluctuate widely within
a 24-h period a graph of temperature and pulse rate is
used in relation to procedural intervention timing and
transfusions.

Critically ill patients often show single spikes of
temperature which return to normal without treatment

Fig. 1.2. Approach to the febrile critically ill patient

(are considered to have no clinical significance) related
to intervention inducing bacteremia, endotracheal suc-
tioning, urinary catheter placement and transfusion of
blood products. The fever related to an invasive proce-
dure or manipulation of an indwelling device with or
without transient bacteremia frequently resolves spon-
taneously, while fever due to underlying chronic dis-
eases, current medical illness or its complications or re-
actions following drug therapy may be persistent.

In all febrile ICU patients (Fig. 1.2) and before the
initiation of any treatment (empiric antibiotic therapy,
antipyretic treatment), blood cultures (at least two and
no more than three sets obtained by separate needles
from different sites) as well as other appropriate cul-
tures must be performed. Bacteremia is an important
cause of morbidity and mortality in the ICU leading to
fever and chills 1–2 h after the presence of microorgan-
isms in the blood (the initiating event), therefore ex-
plaining the frequently negative blood cultures at the
time of the temperature spike [38].

In the case of unexplained fever or fever of unknown
origin with unexplained leukocytosis, anion gap acido-
sis, hypotension or persistent tachycardia and tachyp-
nea, the initial evaluation of the patient must focus on
ruling out a possible infection (most commonly in the
ICU urinary tract infections, pneumonia, phlebitis,
wound infection and bacteremia) with the aid of cer-
tain laboratory tests including a complete blood count
(CBC), urine examination with culture, blood cultures
and a chest roentgenogram (especially in patients on
mechanical ventilation). In patients with progressive
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signs of severe sepsis and in all neutropenic patients
with fever, broad-spectrum antimicrobial therapy
should be started immediately after cultures have been
obtained. In patients with no clinically obvious signs of
infection all the central lines (placed >48 h) and the na-
sal tubes should be removed and cultured (with semi-
quantitative or quantitative cultures), while in the case
of diarrhea, stool cultures for WBC count and toxin
against C. difficile should be performed. CT scanning of
the abdomen is indicated in patients with abdominal
sepsis or with signs of abdominal infection (tender-
ness, distension, etc.). If fever persists after 48 h despite
empiric antibiotic treatment and without the cause or
the source of the infection being identified, the patient
must be reevaluated for risk factors associated with
fungal infections (antifungal treatment is indicated)
and with additional diagnostic tests being performed
including venography, blood cultures for eosinophils
(drug fever) and abdominal imaging.

For the suppression of fever in the ICU, antipyretic
agents (acetaminophen, cyclooxygenase 2, non-steroi-
dal, metamizol, propacetamol) and external cooling
methods are used. Antipyretics include agents capable
of blocking or reversing the fever’s cytokine-mediated
rise in core temperature without affecting body tem-
perature in the afebrile state and must be distinguished
from hypothermia agents which are able of lowering
core temperature even in the absence of fever [39]. Ex-
ternal cooling methods include hypothermia blanket
placement, the use of which, however, is characterized
by certain side effects including large temperature fluc-
tuations, rebound hyperthermia, increased hyperme-
tabolism and elevated oxygen consumption leading to
increased epinephrine and norepinephrine levels [40].

Fever is a normal adaptive brain response to circu-
lating cytokines during systemic inflammation and no
harm is done by letting it take its natural course [41]. In
the ICU fever should be treated in cardiorespiratory pa-
tients and neurosurgical individuals and in those pa-
tients in whom the temperature exceeds 40°C (104°F).
Antipyretic therapy must be justified regardless of the
metabolic cost (if the fever exceeds its physiological
benefit), the result (if the symptomatic relief adversely
affects the course of the febrile illness) and the side ef-
fects of the antipyretic regimens (in patients with re-
duced glutathione reserves such as alcoholics, mal-
nourished patients, etc., regular doses of acetamino-
phen are associated with acute hepatitis).
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2Cardiovascular Monitoring in Severe Sepsis
or Septic Shock
J.J. Guardiola, M. Saad, J. Yu

2.1
Introduction

The American College of Chest Physicians & Society of
Critical Care Medicine Consensus [1] defines sepsis as
the systemic inflammatory response syndrome (SIRS) as
a result of infection. Septic shock is defined as sepsis-in-
duced hypotension despite adequate fluid resuscitation
along with the presence of perfusion abnormalities.
These abnormalities may include, but are not limited to,
lactic acidosis, oliguria or an acute alteration in mental
status. Patients who are receiving inotropic or vasopres-
sor agents may not be hypotensive at the time that perfu-
sion abnormalities are measured. During the years
1950–1991 mortality soared 13-fold [2]. Alone sepsis
carries a 30–40% lethality [2], but when aggravated by
shock it has a 40–60% mortality [3]. Recently the effec-
tiveness of invasive hemodynamic monitoring in septic
shock has undergone intense scrutiny. A lack of well de-
signed prospective studies assessing this problem has
cast a shadow of doubt over the lowering of morbidity or
mortality (attributable to the right heart catheteriza-
tion). A moratorium on their placement was suggested
in the literature, which prompted a consensus confer-
ence in 1997 to help clarify the role of the pulmonary ar-
tery catheter in the critically ill [4]. Minimally invasive
and non-invasive cardiovascular monitoring devices are
being examined and are increasingly being researched.

Table 2.1. Bedside diagnosis
of the type of shock [5]
based on cardiac output

Signs High cardiac output Low cardiac output

Pulse pressure Increased Decreased (pulsus paradoxus
in cardiac tamponade)

Skin and digits Warm and pink Cool, cyanotic mottling
Capillary refill (nailbed) Rapid Slow
Heart sounds Loud and clear Soft and muffled
Temperature Fever or hypothermia Normal temperature
White blood cell count Leukocytosis or leukopenia

(shift to immature forms)
Normal to mild leukocytosis

Source of infection E.g., pneumonia or pyelo-
nephritis

No source of infection

Possible diagnosis Septic shock Cardiogenic shock
Obstructive shock
Hypovolemic shock

2.2
Shock States and Differential Diagnosis

Shock is the state in which the circulatory system fails
to maintain adequate tissue perfusion. As a conse-
quence of inadequate tissue perfusion, cellular and or-
gan dysfunction ensues, which becomes irreversible
unless corrected promptly. Clinical features of shock
are arterial hypotension, tachycardia, tachypnea, de-
creased mentation, oliguria and metabolic acidosis.
Blood pressure (BP) is equal to cardiac output (CO)
times systemic vascular resistance (SVR). Because hy-
potension can result from a reduction in either CO or
SVR, shock may be categorized as distributive, cardio-
genic, extracardiac obstructive or hypovolemic. Dis-
tributive shock is caused by a maldistribution of blood
flow in the microcirculation with a decreased SVR (e.g.,
sepsis, anaphylaxis, spinal cord injury, barbiturate
overdose, etc.). Cardiogenic shock’s most common
cause is acute myocardial infarction, while extracardiac
obstructive shock may be caused by cardiac tampona-
de, massive pulmonary embolus or tension pneumo-
thorax. Hypovolemic shock causes include massive
losses of gastrointestinal fluids or frank hemorrhage.

Bedside clinical assessment provides a good indica-
tion of cardiac output and filling pressures of the heart.
Based on this clinical assessment, an early diagnosis of
the type of shock can be made (Tables 2.1, 2.2).
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Table 2.2. Bedside diagnosis
of the type of shock [5]
based on filling pressures of
the heart

Filling pressures Increased filling pressure Decreased filling pressure

Clinical setting Chest pain Bleeding, vomiting or diarrhea

Jugular venous pressure Jugular venous distension Jugular veins collapse when
supine

Cardiac auscultation Gallop rhythm Absent gallop

Pulmonary crepitant rales Present Clear lungs

Chest roentgenogram Cardiomegaly Normal (except when shock is
due to pneumonia)– Pulmonary venous congestion

– Pulmonary edema
– Clear in pulmonary embolus

and cardiac tamponade

Electrocardiogram MI-ST segment elevation Normal
PE – SI Q3 T3
Tamponade – decreased voltage

Cardiac enzymes Increase in MI Normal

Possible diagnosis Cardiogenic shock Hypovolemic shock
Obstructive shock

Table 2.3. Hemodynamic
profiles in shockType of shock CO SVR SvO2 CVP PAP PCWP

Cardiogenic (e.g., MIa) ↓ ↑ ↓ ↑ ↑ ↑

Hypovolemic (e.g., hemorrhage) ↓ ↑ ↓ ↓ ↓ ↓

Distributive (e.g., sepsisb) ↑ ↓ N – ↑ N – ↓ N – ↓ N – ↓

Obstructive (massive PEc) ↓ ↑ – N ↓ ↑ ↑ N – ↓

Obstructive (cardiac tamponadec,d) ↓ ↑ ↓ ↑ ↑ ↑

CO cardiac output, CVP central venous pressure (right atrial pressure), PCWP pulmonary capillary wedge pressure, SVR systemic
vascular resistance, SvO2 mixed venous oxygen saturation, PAP pulmonary artery pressure, N normal
a In the presence of a right ventricular infarct, PCWP may not increase in cardiogenic shock
b In the late stages of septic shock, CO falls and SVR rises due to myocardial depression
c PCWP is decreased in massive pulmonary embolus, but increased in cardiac tamponade
d Equalization of mean CVP, mean PCWP, right ventricular diastolic pressure and diastolic PAP establishes the diagnosis cardiac

tamponade

Invasive hemodynamic monitoring with a pulmonary
artery catheter (PAC) allows the classification of a pa-
tient with shock into one of four types: cardiogenic, hy-
povolemic, distributive or obstructive (Table 2.3).

2.3
Hemodynamics in Septic Shock [6–9]

Septic shock has a characteristic hemodynamic profile
consisting of tachycardia, systemic arterial hypoten-
sion, low SVR, high CO, low to normal pulmonary cap-
illary wedge pressure (PCWP) and normal or elevated
mixed venous oxygen saturation (SvO2). This “high
output-low resistance” state (or hyperdynamic circula-
tion) is seen in more than 90% of patients with septic
shock who have been aggressively fluid resuscitated to
correct hypovolemia. In a minority of patients, left ven-
tricular dysfunction with a low cardiac output may oc-
cur. The responses to sepsis include vascular changes
and myocardial dysfunction.

2.3.1
Systemic Vascular Resistance
Severe sepsis is commonly associated with a decrease
in SVR which results in hypotension despite a normal
or increased cardiac index (CI). Most non-survivors of
septic shock demonstrate a persistent vasodilatation
and hence refractory hypotension.

2.3.2
Generalized Blood Flow Redistribution

Although the CO is increased in sepsis, this flow is not
uniformly distributed. There is a reduction in the
splanchnic blood flow resulting in mucosal ischemia of
the gastrointestinal tract, while blood flow to the other
vital organs (e.g., brain and heart) is preserved. Intesti-
nal ischemia has been considered to play a central role
in the development of irreversible shock and the multi-
ple organ dysfunction syndrome (MODS).
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2.3.3
Microcirculatory Blood Flow Maldistribution

Many vascular beds are dilated but some are constrict-
ed while arteriovenous shunts may open and bypass
the capillary bed resulting in impaired organ perfu-
sion.

2.3.4
Venous Capacitance

Venous tone decreases in the large capacity vessels and
venous pooling occurs resulting in relative hypovole-
mia.

2.3.5
Capillary Permeability

A generalized increase in endothelial permeability
(“capillary leak”) leads to “third-spacing” and intravas-
cular volume depletion; thus the effective intravascular
volume is reduced in sepsis due to the multiple factors
including an increase in venous capacitance with ve-
nous pooling and decreased intravascular volume sec-
ondary to a capillary leak.

2.3.6
Myocardial Depression

Depressed myocardial contractile function is a com-
mon consequence of severe sepsis. This reversible car-
diac dysfunction is manifested by a decrease in left and
right ventricular ejection fraction with biventricular
dilatation. Since ejection fraction declines, ventricular
dilation can be a compensatory mechanism to main-
tain stroke volume at a constant level by the Frank Star-
ling mechanism. Early septic shock is characterized by
an increased cardiac output owing to an increased
heart rate and a constant stroke volume. With recovery,
CO falls as heart rate decreases and the stroke volume
remains constant but there is a reduction in ventricular
size and an increase in ejection fraction. Myocardial
depression may be the effect of the cytokine – tumor
necrosis factor. Myocardial ischemia does not play a
significant role since coronary flow is preserved in sep-
tic shock [10].

In a minority of patients with septic shock, left ven-
tricular dysfunction is not compensated and these pa-
tients die of myocardial pump failure with a low CI.
However, most patients who die of septic shock either
succumb in the early stage owing to persistently low
SVR with refractory hypotension or die at a later stage
as a result of sepsis induced MODS.

2.4
Cellular Metabolism in Septic Shock

Distributive abnormalities of systemic blood flow (in-
testinal ischemia) and maldistribution of blood flow in
the microcirculation (arterial-venous shunting) limit
effective oxygen extraction during septic shock. In ad-
dition to blood flow maldistribution, in some septic pa-
tients, a “metabolic block” exists at the cellular level
preventing adequate oxygen utilization [11]. As a con-
sequence of the inability of systemic tissues to maxi-
mally extract oxygen from the blood, anaerobic metab-
olism occurs with increased blood lactate concentra-
tions despite near normal mixed venous oxygen satura-
tion and a narrow difference in the arterial-venous oxy-
gen content.

2.5
Monitoring the Septic Patient
2.5.1
Basic Monitoring
2.5.1.1
Electrocardiogram (ECG)

Continuous ECG monitoring is used in almost all pa-
tients in the intensive care unit (ICU). ECG monitoring
will measure heart rate, and detect arrhythmias and
myocardial ischemia.

2.5.1.2
Non-invasive Blood Pressure Monitoring (NIBP)

Automated NIBP is widely available in the ICU, usually
as a part of a multicomponent monitor along with con-
tinuous ECG and pulse oximetry monitoring. It is fre-
quently used on admission to the ICU before insertion
of an arterial cannula. Measurements are unreliable in
obesity, in low cardiac output states and in the presence
of many arrhythmias.

2.5.1.3
Arterial Line

Intra-arterial monitoring is accurate, allowing imme-
diate beat-to-beat analysis and frequent arterial blood
gas sampling. In hypotensive septic patients receiving
high-dose vasopressor therapy, radial artery pressure
underestimates central pressure. Clinical management
based upon radial pressure may lead to excessive vaso-
pressor administration. Awareness of this phenome-
non may help to minimize the adverse effects of these
potent agents by enabling dosage reduction [12].
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2.5.1.4
Pulse Oximetry

A pulse oximeter attached to a finger or earlobe allows
for transcutaneous estimates of hemoglobin oxygen
saturation. Accuracy depends on satisfactory arterial
perfusion of the skin. Inaccurate readings are seen with
low cardiac output states, vasoconstriction and in hy-
pothermia.

2.5.1.5
Arterial Blood Gases

Arterial blood gases are useful for monitoring pulmo-
nary function and acid-base status in septic patients.

2.5.1.6
Urinary Output

A Foley catheter is inserted and connected to a graduat-
ed collecting device (urimeter) so that urinary output
can be measured hourly. Urine output is a reliable
guide to tissue perfusion. A significant fall in renal per-
fusion is associated with oliguria, which if allowed to
persist, may progress to acute tubular necrosis.

2.5.1.7
Central Venous Catheter (CVC)

Central venous pressure (CVP) is measured by insert-
ing a catheter into the central venous circulation, usual-
ly in the internal jugular or subclavian vein. CVP re-
flects the right atrial pressure and therefore the filling
pressure of the right ventricle. The pulmonary artery
wedge pressure on the other hand reflects the left atrial
pressure, and therefore the filling pressure of the left
ventricle. CVC allows monitoring of central venous ox-
ygen saturation (ScvO2), either continuously via fiber-
optic oxymetry or intermittently by obtaining venous
blood gases. Central lines are also used for administra-
tion of fluids and medications.

2.5.1.8
Pulmonary Artery Catheter (PAC)

The PAC, balloon flotation catheter or Swan-Ganz cath-
eter was described by Jeremy Swan and William Ganz
in 1970. The PAC enables the acquisition of three types
of data:

1. Cardiac output (CO) using the thermodilution
method

2. Central venous pressure (CVP), pulmonary artery
pressure (PAP) and pulmonary capillary wedge
pressure (PCWP) (Fig. 2.1)

3. Mixed venous blood for oxygen saturation (SvO2)

Fig. 2.1. Waveforms and pressures seen during insertion of
PAC. RA right atrium, RV right ventricle, PA pulmonary artery,
PCWP pulmonary capillary wedge pressure

Cardiac output is equal to heart rate times stroke vol-
ume. Stroke volume depends on preload, afterload and
contractility. Preload physiologically is the muscle fiber
length at end diastole. Frank Starling’s law of the heart
is a fundamental property of heart muscle in which the
force of contraction at any given tension depends on
the end-diastolic fiber length. Afterload represents the
force opposing muscle fiber shortening. This is dictated
by the wall tension in the left ventricle (LV) during sys-
tole. Tension (T) is directly related to pressure (P) and
radius (r) while being inversely related to the thickness
(h) of the chamber (T=Pr/2 h). Systemic vascular resis-
tance will affect the afterload by virtue of its direct ef-
fect on intraventricular pressure. Contractility or ino-
tropic state is the ability of the heart at any given length
to generate tension.

PAC is used to measure pressures (Fig. 2.1), but what
pressures are we really measuring? Any indwelling
catheter that measures pressures encompasses intra-
vascular pressure, driving pressure and transmural
pressure. Intravascular pressure is the pressure inside
vessels relative to ambient room pressure at the same
level. Driving pressure, in the case of the pulmonary
circulation, is the pressure difference between the pul-
monary artery and left atrium. Transmural pressure is
the pressure differential between the inside and outside
of the blood vessel. When we measure the pulmonary
capillary wedge pressure (PCWP), we are measuring es-
timates of the left ventricular end diastolic volume
(preload). PCWP measures the left atrial pressure,
which is an indirect measurement of the left ventricular
pressure at end diastole. This in turn is an estimate of
the left ventricular end diastolic volume. There is a lin-
ear relationship between volume and pressure. This re-
lationship does not always hold true and supposes
there is normal left ventricular compliance and juxta-
cardiac pressure. As we know, this is not always the case
with our patients. Left ventricular (LV) compliance is
the change in volume per unit of pressure as the LV fills
with blood from the left atrium. LV compliance may be
compromised (left ventricular hypertrophy, hypertro-
phic cardiomyopathy, restrictive cardiomyopathy, myo-
cardial ischemia RV overload with septal shift and pul-
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monary hypertension), leading to a greater elevation in
pressure for any given volume. Mitral valve disease may
negate this relationship.

Transmural pressure (Ptm) is the gradient between
the intracavitary pressure (PCWP) and the juxtacardi-
ac pressure (Pjc), which represents intrathoracic pres-
sure (intrapleural pressure). Juxtacardiac pressures
may be elevated by elevated intrathoracic pressures
[e.g. – mechanical ventilation with positive end-expira-
tory pressure (PEEP), auto-PEEP, and pneumothorax]
or lowered by negative intrathoracic pressure (as in
normal or labored breathing). Measurements should be
made at end expiration. Pjc may be assessed directly by
esophageal manometry (a measure of intrapleural
pressure).

Proper location of the PAC is important. Measure-
ment should be made in a Zone III condition (where al-
veolar pressure is less than that of the pulmonary ar-
tery or vein). Zone III may be reduced in size with in-
creasing alveolar distension (obstructive lung physiol-
ogy, auto- or excessive PEEP) or diminished pulmo-
nary vascular pressures (severe hypovolemia). Antero-
posterior and lateral films may confirm the good posi-
tion of the catheter. When the patient lies supine, Zone
III is in the dependent part of the lung; therefore the tip
of the catheter has to be in this area to produce reliable
results. The position of the tip should be below the pos-
terior border of the left atrium on a supine lateral chest
X-ray. The nasogastric tube is a useful landmark since
the esophagus traverses posterior to the left atrium.

The PAC allows for true mixed venous oxygen sam-
pling, whereas central lines do not. The blood return-
ing from the superior vena cava usually has a lower sat-
uration due to a high oxygen extraction. The inferior
vena cava usually has a higher saturation owing to
shunts such as the renal circulation.

1. Complications: Cardiac output measurements may
also be riddled with inaccuracy. Thermodilution is
used but can be inaccurate owing to slow injection
of fluid, measurements taken at different times of
the respiratory cycle, tricuspid regurgitation, intra-
cardiac shunts or distal location of the PAC.
Placement of the PAC with its introducer has asso-
ciated morbidity as noted in Table 2.4 [15]. This is
not an all-inclusive list. The most concerning find-
ings are the last two. If we chose to use the PAC it is
incumbent upon the critical care team to resolutely
endeavor for correct capture and interpretation of
data. For if the data is interpreted wrongly, then in-
appropriate therapy will likely be prescribed.

2. Controversy and consensus: Of late, significant con-
troversy has surrounded the PAC. Connors et al.
suggest that careful consideration should be given
as to whether or not one should be placed. Find-
ings that lead to their conclusions were an increased

Table2.4.Complicationsofpulmonaryarterycatheterization [15]

Complication Incidence Cita-
tion

Arterial sticks 10%

Pneumothorax 0.5–6%

Venous air embolism 0.5%

Thoracic duct injury 1% of left-sided attempts

Premature ventricular
beats

68%

Transient ventricular
tachycardia

33%

Persistent ventricular
tachycardia

3%

Right bundle branch
block

6–12% (resolved in 24 h)

Right bundle branch
block with existing left
bundle branch block

23%

Misplacement of catheter 19% internal jugular

Misplacement of catheter 16% subclavian

Pulmonary artery rupture 0.034–0.125%

Pulmonary artery rup-
tures that result in death

70%

Thrombosis 1–11%

Valvular lesions Up to 31%

Infection of catheter or
sheath

5.9–29.1%

Catheter associated
bacteremia

0–4.6%

Inaccurate PCWP 15%

Inaccurate interpretation
by doctors

54% 17

Inaccurate interpretation
by nurses

42% 16

30-day mortality (4.5% higher), higher cost and
protracted intensive care requirement. Proponents
of the right heart catheter criticize that this was not
a randomized prospective trial. Since it allows for
earlier intervention and often leads to a change in
therapy, then it must logically improve outcome.
However, we are reminded of the CAST trial that
clearly showed postmyocardial infarction antiarr-
hythmics are detrimental, counterintuitive to the
rationale of the time. The risks and its indiscrimi-
nate use in the low benefit patient may negate the
benefits of the catheter. Compounding this is a high
degree of misinterpretation by trained intensive
care physicians [17] and nurses [16]. Pulmonary ar-
tery occlusion pressure is inaccurate 15% of the
time and in the critically ill does not always corre-
late with left ventricular end diastolic volume [32].
This controversy prompted a consensus statement
[4] endorsed by the American Association of Criti-
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Table 2.5. Summary of consensus statement – based upon clinical situation [4]

Situation Findings

Improve outcome in MI with cardiogenic shock Yes
Improve outcome in MI with mechanical complications Yes
Improve outcome in MI with right ventricular infarction Yes
Improve outcome in refractory congestive heart failure Uncertain
Improve outcome in pulmonary hypertension Uncertain
Improve outcome in shock or hemodynamic instability Uncertain
Reduce complications and mortality in cardiac surgery – low risk patients No
Reduce complications and mortality in cardiac surgery – high risk patients Uncertain
Reduce perioperative complications in peripheral vascular surgery Yes
Reduce mortality in peripheral vascular surgery Uncertain
Reduce perioperative complications and mortality in aortic surgery – low risk patients Uncertain
Reduce perioperative complications and mortality in aortic surgery – high risk patients Yes
Reduce perioperative complications and mortality in geriatric patients No
Reduce perioperative complications and mortality in neurosurgical patients Uncertain
Reduce complications and mortality in patients with preeclampsia No
Alter diagnosis and improve functional outcome in traumatically injured patients Yes
Alter mortality in traumatically injured patients Uncertain
Improve outcomes in patients with sepsis or septic shock Uncertain
Alter diagnosis and treatment in patients with respiratory failure Yes
Alter outcomes in patients with respiratory failure Uncertain
Clarify cardiopulmonary physiology in critically ill infants and children Yes
Improve organ function or survival when PAC used to achieve supranormal oxygen delivery after onset of SIRS

from sepsis, trauma or postoperative complication
Uncertain

Improve organ function or survival when PAC used to achieve supranormal oxygen delivery after onset of SIRS
from sepsis, trauma or postoperative complication

Uncertain

Are continuous venous oximetry, right ventricular ejection fraction and continuous cardiac output pulmonary
artery catheter devices accurate

Yes

MI myocardial infarction, PAC pulmonary artery catheter, SIRS systemic inflammatory response syndrome

cal Care Nurses, American College of Chest Physi-
cians, American Thoracic Society and Society of
Critical Care Medicine. It called for an improved
knowledge of interpretation of the data obtained
from the pulmonary artery catheter and the compli-
cations of the placement. Furthermore, no morato-
rium should be invoked and the clinician shall care-
fully weigh the benefits and risks of the catheter
before placing it with informed consent. It was
agreed that there should be a controlled randomized
study to determine indications for placement. Out-
lined in Table 2.5 is a portion of their findings based
upon the clinical situation.

The Pulmonary Artery Catheter Consensus Conference
(PACCC) [4] stated that it is uncertain whether pulmo-
nary artery catheter-guided management improves
outcomes in patients with sepsis or septic shock. This
statement was based upon non-randomized studies
with contemporaneous controls. These studies do not
answer whether the changes in therapy that are made,
based on hemodynamic measurements, alter the out-
come of the patient.

The PACCC recommended:
1. The PAC may be useful in patients with septic

shock who have not responded to initial aggressive
fluid resuscitation and low dose inotropic/vasocon-
strictor therapy.

2. Various management strategies for sepsis and
septic shock (IV fluids, vasoactive and inotropic
drugs, etc.) should be evaluated in prospective,
randomized, controlled trials. Investigations
should be designed to determine both the effec-
tiveness of the PAC in accurate diagnosis and in
monitoring patient response to therapeutic inter-
vention. Management protocols need to be defined
for both the PAC-guided and non-PAC-guided
groups.

Since the consensus statement was published in 1997,
the results of several trials have been presented. The
trial by Richard and colleagues [18] for the French Pul-
monary Artery Catheter Study Group was conducted in
36 intensive care units in France. A total of 681 patients
were randomized to receive PAC or none. The treat-
ment based on data obtained from the PAC was at the
discretion of the treating physicians. The main conclu-
sion of the study was that clinical management involv-
ing the early use of PAC in patients with shock, ARDS or
both did not significantly affect mortality at 28 days
(mortality with PAC was 59.4% vs. 61.0% without
PAC).

The PAC-Man trial by Harvey and colleagues [19]
was also to answer the question about whether the use
of PAC in the ICU affects mortality. This was a random-
ized trial involving over 1,000 patients from 65 ICUs in
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the UK; 519 patients were managed with a PAC, 522
without. The ICU doctors had the option of using an al-
ternative cardiac output monitoring device in the con-
trol group (such as esophageal Doppler and arterial
pulse contour analysis, presumably the most common
alternatives to PAC). The timing of insertion and subse-
quent clinical management were at the discretion of the
treating physician. No difference was noted in hospital
all cause mortality between patients managed with or
without a PAC (68% vs. 66%, respectively).

These findings indicate no clear evidence of benefit
or harm by managing critically ill patients with a PAC.

The results of the Fluid and Catheters Treatment Trial
(FACTT) [20] of the ARDS Net sponsored by the Nation-
al Heart, Lung, and Blood Institute of the USA have re-
cently been published [20 bis]. This trial compares treat-
ment of ARDS patients with and without PAC and for
each group compares “fluid conservative” versus “fluid
liberal” approach. Of all PAC trials, this is the only one
simultaneously assessing the benefits or harms of both
methods of monitoring (comparing PAC to CVC) and
the treatment strategy guided by the monitoring. PAC-
guided therapy did not improve survival or organ func-
tion, but was associated with more complications than
CVC-guided therapy. In conclusion, we now have solid
evidence based on randomized control trials in specific
conditions to be able to say, that for these disease states,
routine use of the PAC does not improve outcomes.

2.5.2
Indices of Global Perfusion
2.5.2.1
Physical Examination

Physical signs of decreased perfusion are acutely di-
minished mental status, cool skin, mottled skin, de-
layed capillary refill and oliguria.

2.5.2.2
Blood Lactate Concentration

In most forms of shock (hypovolemic, cardiogenic, ob-
structive), elevated blood lactate concentration reflects
anaerobic tissue metabolism due to hypoperfusion re-
sulting from a decrease in cardiac output. In severe sep-
sis and septic shock several studies have suggested that
elevated lactate may result from a “metabolic block” at
the mitochondrial level rather than from global hypo-
perfusion. The prognostic value of elevated blood lac-
tate concentration is well established in septic shock
[12]. The trend of lactate concentration is a better prog-
nostic indicator than a single value [13]. Early lactate
clearance is associated with improved outcome in se-
vere sepsis and septic shock [21]; in other words a de-
crease of an elevated lactate during early resuscitation
means a favorable outcome.

2.5.2.3
Venous Oxygen Saturation (SvO2, ScvO2)

Venous oxygen saturation assesses the relation between
oxygen delivery and oxygen consumption. The amount
of oxygen delivered to the tissues for use in aerobic me-
tabolism is determined by three variables: hemoglobin
concentration, oxygen saturation of hemoglobin and
cardiac output. These three variables represent the
three organ systems that constitute the three pillars of
aerobic metabolism: blood, lungs and cardiovascular
systems (Fig. 2.2).

O2 delivery (DO2) = Hb (g/dl) × 1.36 × O2 saturation
× cardiac output (ml/minute)

This equation determines oxygen delivery only for oxy-
gen combined with hemoglobin. The dissolved portion
is very small and is ignored. Oxygen consumption
(VO2) is the percentage of the delivered oxygen the tis-
sues extract for cellular respiration. Oxygen consump-
tion is increased with fever, shivering, stress, pain, agi-
tation and work of breathing and is decreased with hy-
pothermia, sedation and paralysis.

After the tissues extract oxygen from the blood, the
remaining oxygenation of the venous blood can be
measured from the pulmonary artery (mixed venous
oxygen saturation, SvO2) or from the central venous
circulation (central venous oxygen saturation, ScvO2).
Under normal conditions the SaO2–SvO2 difference is
20–25%, yielding a SvO2 of 65–75%. Normally the O2

saturation is lower in the superior vena cava, but the re-
verse is true in shock, where the ScvO2 values are ap-
proximately 5–15% greater than SvO2 values. Redistri-
bution of blood flow away from the hepatosplanchnic
region (non-vital organs) toward the cerebral and coro-
nary circulation (vital organs) causes increased oxygen
extraction in the hepatosplanchnic region, resulting in
reduced oxygen saturation in the inferior vena cava.

Global tissue hypoxia develops when systemic oxy-
gen delivery is inadequate to meet tissue oxygen con-
sumption, resulting in low venous oxygen saturation
and an increased serum lactate concentration. On the
other hand, normal venous saturation and serum lactate
level suggest that oxygen delivery is adequate to meet

Fig. 2.2. The oxygen delivery to consumption ratio. PaO2 arteri-
al partial pressure of oxygen, Hb hemoglobin, CO cardiac out-
put, SvO2 mixed venous oxygen saturation, ScvO2 central ve-
nous oxygen saturation
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tissue oxygen demands. A normal or high oxygen ve-
nous saturation with increased serum lactate concen-
tration in a patient with sepsis indicates that despite ad-
equate global systemic oxygen delivery the tissues are
unable to extract the oxygen either due to microvascu-
lar shunting or mitochondrial dysfunction, “metabolic
block.”

In the resuscitation of severe sepsis and septic
shock, ScvO2 has been shown to be a better indicator of
tissue oxygenation than vital signs (blood pressure,
heart rate, urinary output and central venous pressure)
when used to guide the early treatment of sepsis and
septic shock. A recent prospective randomized study
[22] comparing two strategies for early goal-directed
therapy (EGDT) in patients with severe sepsis and sep-
tic shock showed that maintenance of continuously
measured ScvO2 above 70% in addition to maintaining
central venous pressure above 8–12 mmHg, mean arte-
rial pressure above 65 mmHg, and urinary output
above 0.5 ml/kg per hour resulted in a 15% absolute re-
duction in mortality compared to the same treatment
without ScvO2 monitoring. In conclusion, EGDT that
aims to restore the balance between oxygen supply and
demand in the early management of severe sepsis and
septic shock improves mortality.

2.5.3
Indices of Regional Perfusion
2.5.3.1
Gastric Tonometry

Gastric tonometry is a method to assess regional perfu-
sion in the gut. The splanchnic bed has a countercur-
rent circulation at the mucosal level, rendering it espe-
cially vulnerable to ischemia. Global oxygen assess-
ment may underestimate intestinal perfusion. This
may lead to endotoxin or bacterial translocation across
the gut wall to further compound problems. Intramu-
cosal CO2 (PICO2) may be used to derive intramucosal
pHI using the Henderson-Hasselbach equation. A gas-
tric probe is placed with a balloon and inflated with gas
or a buffered solution for 90 min. After this time, the
fluid is removed and analyzed. Low pHI correlates with
a poor outcome. Its utility in guiding therapy is still un-
clear.

2.5.3.2
Sublingual Capnography (PslCO2)

Sublingual capnography is less invasive and more sim-
ple to use than gastric tonometry. In Marik’s study [23],
sublingual PCO2 correlated well with gastric PCO2. Ele-
vated CO2 in the gastrointestinal tract, either the gas-
tric mucosa or the sublingual mucosa, indicates tissue
dysoxia. The source of increased tissue CO2 is intracel-
lular buffering of excess hydrogen ions by bicarbonate.

The excess of hydrogen ions is caused by excessive pro-
duction of lactic acid during anaerobic metabolism ei-
ther due to decreased oxygen supply (e.g., tissue hypo-
perfusion) or diminished ability to utilize oxygen.

2.5.3.3
Orthogonal Polarization Spectral Imaging (OPS)

Recently, investigations have used OPS to assess the mi-
crocirculation blood flow. De Baker and coworkers [24]
used this technique to visualize the sublingual circula-
tion. They observed a reduction of approximately half
in the density of small vessels in patients with severe
sepsis. Sakr et al. [25] from the same group found that
microcirculatory alterations improved rapidly in septic
shock survivors but not in non-survivors dying with
multiple organ failure, regardless of whether shock was
resolved. Hence microvascular recruitment (opening
the microcirculation) can be a new goal for resuscita-
tion in patients with septic shock.

2.5.4
Minimally and Non-invasive Devices

Recent approaches have sought minimally and non-in-
vasive devices. Pulse contour analysis, transesophageal
Doppler stroke volume, and transesophageal and
transthoracic echocardiograms are the most common-
ly used methods.

2.5.4.1
Pulse Contour Analysis

Pulse contour analysis is based on the concept that the
contour of the arterial pressure waveform is propor-
tional to stroke volume (SV). According to Wesseling’s
formula, stroke volume is directly proportional to the
systolic area of the aortic pressure (As) and inversely
proportional to the vascular impedance (Z):

SV = As/Z

Edwards Lifesciences has recently introduced the Flo-
trac sensor and Vigileo monitor system for monitoring
cardiac output continuously from the arterial line.

Calculation of the stroke volume from the arterial
pressure wave according to the Flotrac/Vigileo system
is as follows:

1. Pulse pressure: the difference between systolic and
diastolic pressure is proportional to stroke volume.
The algorithm calculates the pulsatility from the
systolic and diastolic pressures over time and cal-
culates the standard deviation of the arterial pres-
sure over a 20-s window.

2. Software takes into account two additional key
factors affecting the arterial pulse:
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a) Large vessel compliance influenced by age, body
surface area and gender.

b) Real time changes in peripheral resistance calcu-
lated by analysis of key waveform characteristics
(e.g., change in MAP, time from start to end of a
pulse, distribution of pressure over a pulse wave,
angle and shape of waveform).

SV = K × SD(BP) where K is a constant quantifying ar-
terial compliance and vascular resistance and SD(BP) is
the standard deviation of the arterial pressure wave
over a 20-s interval.

Cardiac output (CO) is then calculated by multiply-
ing the SV by the heart rate. If a central venous pressure
catheter has been placed, its signal can be interfaced
with the Vigileo monitor, allowing for the calculation of
the systemic vascular resistance (SVR). When used
with a central venous oximetry catheter, the Vigileo
monitor also provides continuous central venous oxy-
gen saturation (ScvO2). Small validation studies have
shown good correlation of arterial pressure waveform
based CO with CO obtained by thermodilution using
the pulmonary artery catheter.

2.5.4.2
Esophageal Doppler Monitor [26]

The esophageal Doppler is a flexible ultrasound probe
about the size of a nasogastric tube that can obtain a
continuous cardiac output by measuring blood flow ve-
locity in the descending thoracic aorta. Stroke volume
is calculated as the product of mean velocity and cross-
sectional area of the descending aorta. Area of the aorta
is estimated using a nomogram based on the patient’s
age, height and weight. In adults, the measures of cardi-
ac output made simultaneously with the esophageal
Doppler monitor and standard thermodilution show
good correlation. An attribute of this technique is easy
probe insertion since it can be placed within minutes
without major complications and requires minimal
technical skill. The probe may be left in place for over
2 weeks. Disadvantages are difficulty in maintaining an
optimal probe position and the fact that it cannot pro-
vide direct measurements of pulmonary artery and
wedge pressures.

Table 2.6. Goals of hemody-
namic management

Hemodynamic goals Oxygen delivery goals Organ perfusion goals

MAP & 65 mmHg Cardiac index & 2.5 l/m2/min CNS – normal sensorium
Hct & 30%

CVP = 8–12 mmHg SaO2 >92% Skin – pink, warm and dry
PCWP = 12–15 mmHg
Cardiac index & 2.5 l/m2/min Serum lactate <2 mM/l Renal – urine output

& 0.5 ml/kg/hSvO2 & 70%

2.5.4.3
Echocardiogram

Using echocardiography, the same principles may be
applied to determine cardiac output. Measuring the left
ventricular outflow tract (LVOT) diameter (d) and time
velocity integral (TVI) as determined by Doppler sig-
nal, a cardiac output (CO) may be calculated. CO in li-
ters per minute = TVI × (d2 × 0.785) × heart rate
[26–30]. There is agreement over a wide range of val-
ues, when referenced to the PAC [31]. Sinus rhythm is
required for factual results. In the unstable patient it
may still be used safely but will not allow for ongoing
monitoring to aid in titration of therapy [32]. Trans-
esophageal echocardiogram (TEE), in certain instances,
may be more revealing than the transthoracic approach
[33]. TEE [34] assumes an increasingly important role
in the non-invasive evaluation of the hemodynamically
unstable patient [32]. With experienced personnel, TEE
can be performed safely in critically ill patients with a
high success rate. TEE facilitates prompt definitive diag-
nosis of major cardiac disorders that can be surgically
correctable (endocarditis, cardiac tamponade, aortic
dissection, mechanical complications of myocardial in-
farction). TEE can also help to determine the non-surgi-
cal cardiac contribution to hemodynamic instability.
The patient with hypovolemic hypotension shows a
small left ventricular cavity and hyperdynamic func-
tion. Intracavitary gradients due to mid-ventricular ob-
struction or systolic anterior motion of the mitral valve
are often identified by Doppler echocardiography in
such situations. Administration of fluids and withdraw-
al of inotropic agents results in paradoxical increases in
blood pressure and lessening of pulmonary congestion
as the intracavitary gradient decreases [34].

2.6
Clinical and Hemodynamic Goals in Patients
with Septic Shock

Based upon recent studies [22, 35–37], it seems most
reasonable to attempt to achieve a normal oxygen de-
livery and perfusion pressure that is associated with ev-
idence of adequate organ oxygenation and perfusion.
Oxygen delivery is determined by the product of cardi-
ac output and oxygen content while perfusion pressure

2.6 Clinical and Hemodynamic Goals in Patients with Septic Shock 19



Early goal-directed therapy

CVP MAP ScvO2UOP

>70 percent

≥ 65 and ≤ 90 mmHg

8–12 mmHg> 0.5 ml/kg/hr 

is best reflected by mean arterial pressure. Interven-
tions designed to achieve supranormal oxygen delivery
in septic shock (with fluids and inotropes) have not
demonstrated a benefit and such therapy may actually
be associated with a reduced survival rate. The ideal
goals are listed in Table 2.6.

2.7
Early Goal Directed Therapy (EGDT) [22]

Early goal directed therapy can significantly decrease
in-hospital mortality in patients with severe sepsis or
sepsis induced tissue hypoperfusion (hypotension with
systolic BP 90 mmHg after a crystalloid fluid challenge
of 20–30 ml/kg of body weight over 30 min or lactic ac-
id level & 4 mmol/l) as shown in the study of Rivers et
al. During the first 6 h resuscitation of sepsis, induced
hypoperfusion should include all of the following
(Fig. 2.3.):

1. Central venous pressure 8–12 mmHg. In mechani-
cally ventilated patients a CVP of 12–15 mmHg is
considered to account for the increased intratho-
racic pressure. If a PAC is inserted, a PCWP target
of 12–15 mmHg replaces the CVP target.

2. Mean arterial pressure & 65 mmHg, and e 90 mmHg
3. Urine output & 0.5 ml/kg/h
4. ScvO2 or SvO2 & 70%

Although the cause of the tachycardia in septic patients
may be multifactorial, a decrease in elevated heart rate
with fluid resuscitation is often a useful marker for im-
proving intravascular filling.

The protocol used in this study targeted an increase
in venous oxygen saturation to & 70%. This was
achieved by sequential institution of initial fluid resus-
citation, then packed RBC and then dobutamine.

This protocol was associated with a significant im-
provement in survival.

A point not addressed but of equal importance for
rapid resuscitation is the need to start appropriate anti-
biotics within 60 min of diagnosing severe sepsis.

Fig. 2.3. Early goal-directed therapy

Appendix

Pulmonary Artery Catheter Measurements: Normal

Parameter Symbols ”Normal” range

Right atrial pressure
(central venous pressure)

RAP or
CVP

2–7 mmHg

Right ventricular systolic
pressure

RVSP 15–25 mmHg

Right ventricular diastolic
pressure

RVDP 0–8 mmHg

Pulmonary artery systolic
pressure

PASP 15–25 mmHg

Pulmonary artery diastolic
pressure

PADP 8–15 mmHg

Pulmonary artery mean
pressure

PA mean 10–20 mmHg

Pulmonary capillary wedge
pressure

PCWP 6–12 mmHg

Cardiac output CO 3.5–5.5 l/min
Cardiac index CI 2.8–3.2 l/min/m2

Pulmonary vascular resi-
stance

PVR 150–250 dyne
s/cm5

Systemic vascular resistance SVR 800–1200 dyne
s/cm5

Right ventricular stroke
work index

RVSWI 7–12 g m/m2

Left ventricular stroke work
index

LVSWI 43–61 g m/m2

Arterial oxygen content CaO2 20 vol%
Mixed venous oxygen
saturation

SvO2 75%

Mixed venous oxygen
content

CvO2 15 vol%

Oxygen delivery DO2 800–1,200 ml/
min

Oxygen consumption VO2 225–275 ml/min
Oxygen extraction O2 extrac-

tion
25%

Formulas

Pulse Pressure = SBP – DBP

Mean Arterial Pressure =
SBP + 2 (DBP)

3
CO = SV × HR

CI = CO/BSA

SV Index = SV/BSA

PVR =
(PAP – PCWP) 80

CO

SVR =
(MAP – CVP) 80

CO
CaO2 = 1.36 (Hgb) (SaO2) + 0.003 (PaO2)

CvO2 = 1.36 (Hgb) (SvO2) + 0.003 (PvO2)

Cc’O2
= 1.36 (Hgb) (100%) + 0.003 (PAO2)

(PAO2 is the calculated alveolar pressur of O2)

Arterio-venous O2 content difference = CaO2 – CvO2
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Do2 = CO × CaO2

V̇o2 = CO (CaO2 – CvO2)
Fick equation: CO = V̇O2 / (CaO2 – CvO2)

O2 Extraction fraction: (CaO2 – CvO2) / CaO2

Shunt Fraction: Qs/Qt =
Cc’O2 – CaO2

Cc’O2 – CvO2
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3 Cardiopulmonary Resuscitation and Infection
L. Hammer, J.-F. Timsit

3.1
Introduction

The survival to hospital discharge after an out-of-hos-
pital cardiac arrest due to cardiac disease is only 7%
[1]. The continuous provision of information to the
public and healthcare workers about cardiopulmonary
resuscitation (CPR) in the 1970s has led to a dramatic
improvement in immediate survival from cardiac ar-
rest. Survival to discharge after in-hospital cardiac ar-
rest is 17–37% [2, 3].

But, the AIDS epidemic as well as the rapid progres-
sion of hepatitis C have changed this situation. Even if
CPR with mouth-to-mouth ventilation (MTMV) is as-
sociated with a 5- to 30-fold increase in survival, due to
fear of transmitted infectious diseases, persons willing
to perform this procedure are rare. In addition, after
initial CPR, survivors are at risk of nosocomial pneu-
monia, especially aspiration pneumonia and bacter-
emia, which must be recognized and treated promptly.

These two sides of the relationship between CPR and
infection are discussed in this chapter. We review the
risk of acquisition of infection in patients surviving
from initial CPR and the risk of transmission of infec-
tion between the patient and the caregivers, and the
way to prevent it.

3.2
Infection Acquired During CPR: Estimating the
Risk for the Caregiver
3.2.1
Reluctance of Caregivers To Perform Cardiopulmonary
Resuscitation and Mouth-to-Mouth Ventilation (MTMV)

The only interventions that have been shown unequiv-
ocally to improve long-term survival after cardiac ar-
rest are basic life support and defibrillation [4].

The value of MTMV is currently under discussion
because of a widespread fear of transmission of infec-
tious diseases. Healthcare professionals have stated in
several studies that they may hold back from providing
MTMV when confronted with a cardiac arrest in a
stranger. Although infection by Mycobacterium tuber-

culosis is more likely than one by human immunodefi-
ciency virus (HIV) via MTMV, people’s fear is under-
standable. For example, a reluctance of lay and medical
personnel to perform MTMV in hospital and communi-
ty settings has been documented, with 45% of respon-
dents declining to perform MTMV on a stranger [5].

An expert committee of the American Heart Associ-
ation stated that MTMV may be omitted in the initial
phase of cardiac arrest, and considered recommending
chest compressions only if the emergency medical sup-
port was going to arrive rapidly. However, in anesthe-
tized volunteers, ventilation was not capable of provid-
ing sufficient gas exchange, especially when the airway
was not protected.

Hew et al. examined whether the perceived risk and
fear of contracting infectious diseases diminishes the
willingness of paramedics and emergency medical
technicians (EMTs) to perform mouth-to-mouth resus-
citation (MMR) [6]. Seventy-seven EMTs and 27 para-
medics responded to a questionnaire, administered by
one of two physicians, containing mock cardiac arrest
scenarios that were designed to assess willingness to
perform MTMV as a citizen responder. Faced with a sit-
uation in which an adult stranger required MTMV, 57%
of the participating EMTs and all of the paramedics stat-
ed that they would refuse to perform MTMV. Moreover,
none of the paramedics and only 32.5% of the EMTs
stated that they would perform MTMV on a man in a
gay neighborhood. In addition, 23% of the EMTs and
37% of the paramedics indicated that they would refuse
to perform MTMV on a child. Twenty-nine percent of
the prehospital-care providers had been in situations
requiring MTMV in the community, and 40% either
had walked away or only did external compression. Of
those participating paramedics and EMTs who had per-
formed MTMV in emergency situations, only 45% indi-
cated that they would do so again. The respondents in-
dicated that they would not be willing to administer
MTMV because of the fear of contracting infectious
agents, especially HIV. Despite the proven effectiveness
of MMR in saving lives, paramedics and EMTs are high-
ly reluctant to perform MMR as citizen responders.
Their perceived risks of contracting infectious agents
during MMR are high, despite the low actual risks.
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3.2.2
Risks of Infection for Caregivers

The possibility of transmission of infection between a
victim and a rescuer has caused much concern, espe-
cially more recently with the heightened anxiety over
viral hepatitis and AIDS. Even if cases are probably un-
derreported, the number of infections convincingly re-
lated to resuscitation is estimated to be less than 1/
200,000 [7].

There are two main ways of acquiring infectious dis-
eases while performing CPR: MTMV and needlestick
transmission.

3.2.2.1
Mouth-to-Mouth Transmission

Neisseria Meningitidis. The risk of salivary trans-
mission of N. meningitidis is high especially in the case
of systemic infection [8] and may explain why four
cases of meningococcal infections have been linked to
MTMV performed by healthcare workers. One case of
meningococcal meningitis after tracheal intubation of
a child suspected of having meningoencephalitis has
also been described [9]. Providers who have experi-
enced such an exposure should be offered chemopro-
phylaxis.

Mycobacterium Tuberculosis. Although the risk of
acquiring tuberculosis after performing MTMV on a
patient with active tuberculosis should likely be very
high, a unique case of tuberculosis in a healthcare
worker has been described. However, a rescuer who has
given MTMV should be followed up for conversion
and/or active tuberculosis. It seems logical to recom-
mend serial tuberculin tests and/or a chest radiograph
in this case [10].

3.2.2.2
Enteric Pathogens

Mouth-to-mouth transmission of enteric pathogens
has been described for Shigella sonnei, Salmonella in-
fantis and possibly for Helicobacter pylori.

3.2.2.3
Risk of Transmission of Viruses Through MTMV

HIV is rarely isolated from the saliva of HIV infected
patients and then in very low concentrations. This find-
ing might explain the low risk of salivary transmission.
For example, 1,309 dental professionals who had no be-
havioral risk factors for HIV infection but have cared
for multiple patients known to have AIDS were
screened. Only one dentist was seropositive for HIV
[11].

On the other hand, hepatitis B virus (HBV) poses
substantial risks to caregivers. Although no case of
HBV transmission has ever been reported, salivary ex-
change is considered to be one of the mechanisms of
non-parenteral transmission of HBV within families
[12], and human bites are responsible for the acquisi-
tion of HBV [13].

Little is known about the risk of hepatitis C (HCV)
transmission during MTMV. The prevalence of HCV
positivity in saliva ranged between 20% and 62% of
HCV infected patients [7]. However, only a single case
of saliva transmission after a human bite has been re-
ported.

3.2.2.4
Needlestick Transmission

Although the risk of acquiring infection should be con-
sidered as being very low, the risk of acquiring infec-
tion during emergency cardiopulmonary resuscitation
exists especially because the scene of resuscitation is of-
ten chaotic, resulting in a high risk of needlestick or
other sharp injuries.

Usually, the risk resulting for parenteral exposure is
greatest with HBV (13.1%), intermediate with HCV
(5.8%) and lowest with HIV (0.32%) [14–16]. A partic-
ular effort in preventing sharp injuries in this situation
is the main and essential way to prevent infection ac-
quisition for caregivers (see Appendix).

3.3
Nosocomial Infections After CPR
3.3.1
Pathophysiology of Infection After CPR

Postresuscitation abnormalities after cardiac arrest
mimic the immunologic and coagulation disorders ob-
served in severe sepsis and multiple organ dysfunction
syndrome [17]. Postresuscitation disease is character-
ized by high levels of circulating cytokines and adhe-
sion molecules, the presence of plasma endotoxin in
» 50% of patients, and dysregulated leukocyte produc-

tion of cytokines [18]. This could be due to the intensity
of the ischemia and reperfusion which is known to acti-
vate nuclear factor kB [19] or other signaling pathways
and then induce the production of cytokines such as
TNF- [ , IL-1 or IL-8 [20] as well as oxygen radicals. Is-
chemia reperfusion also promotes the adhesion of leu-
kocytes to the endothelium. Consequently plasma pro-
tein C and S levels after successful resuscitation are low-
er in non-survivors than in survivors [21]. Low baseline
cortisol levels may be associated with an increased risk
of fatal dysfunction in these patients [18, 22].

After the initial phase of injury, negative feedback
downregulates early systemic inflammatory response
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syndrome (SIRS) to limit potential autodestructive in-
flammation. The early hypoinflammatory response
consists of a release of anti-inflammatory cytokines
(IL-4, IL-10) and is followed by a long-lasting hypoin-
flammatory state called “compensatory anti-inflamma-
tory response syndrome” (CARS) [23]. This could lead
to a delayed immunosuppression [24], which could be
associated with major infectious complications. This
potential mechanism has not been yet demonstrated
clinically.

3.3.2
Problems in Diagnosing Nosocomial Infections After CPR

The proinflammatory cascade might explain fever oc-
curring after CPR [25]. Fever is also a poor marker of
infection. It is frequently encountered, as well as sepsis
syndrome, after successful CPR and is frequently con-
sidered as a marker of poor neurologic outcome [26].
Hyperthermia is responsible for an increase of the vol-
ume of the cerebral infarction after occlusion of the ce-
rebral blood flow in animal models [27]. Fever, even
moderate fever during the day following brain ische-
mia, may markedly exacerbate brain injury. It is proba-
bly due to ischemia related factors, thermodysregulati-
on of central nervous system origin and/or decreased
heat loss or altered distribution of body heat due to va-
soconstriction [28]. For example, Takino and Okada
[25] found 18 patients with restoration of spontaneous
circulation and who were not considered brain-dead
within the first 48 h. Fourteen had hyperthermia (tem-
perature >38°C) occurring in the initial 48 h after re-
suscitation. Eight patients with later brain death
showed significant hyperthermia and a high peak tem-
perature (median 39.8°C), and six out of the seven pa-
tients with prolonged coma had a peak body tempera-
ture of greater than 38°C (median 38.3°C). None of
these patients had evidence of infection. On the con-
trary, in another study, only six out of 13 patients with
bacteremia after cardiac arrest had hypothermia
(<36°C, n=3) or hyperthermia (>38.5°C, n=3) [29].

On the other hand, hypothermia is often used by in-
tensivists to prevent brain injury. The efficacy of hypo-
thermia in preserving neurologic function when insti-
tuted before and during the no flow cardiovascular state
has been well documented both clinically and experi-
mentally since the 1950s. Recent experimental and clin-
ical (for cardiac arrest due to ventricular fibrillation)
evidence has shown that hypothermia induced after
cardiac arrest does indeed mitigate the effects of postre-
suscitation syndrome, improves neurologic function
and reduces histologic brain damage [28]. Such benefit
can be demonstrated with mild (34–36°C) hypother-
mia [30], thus minimizing complication and requiring
less time for induction of hypothermia. Mild hypother-
mia is considered as an important and secure compo-

nent for cerebral preservation and resuscitation during,
and after, global ischemia and it is often considered as a
useful method of cerebral resuscitation after global is-
chemic states, thereby promoting the prevention of
neuromental diseases [31].

Evidence from clinical and in vitro studies shows
that hypothermia can impair immune function. In-
deed, inhibition of inflammatory responses may be one
of the mechanisms through which hypothermia exerts
neuroprotective effects [32]. A number of studies,
mostly in patients with stroke or traumatic brain inju-
ry, have indeed reported higher risks of pneumonia
when therapeutic hypothermia is used over longer pe-
riods of time ( & 48–72 h) [33, 34]. Short-term cooling
( e 24 h) does not appear to increase the risk of infec-
tion [31, 35, 36].

3.3.3
Role of the Digestive Tract

The importance of intestinal injury is directly related to
the duration of ischemia and to the reperfusion injury
via the O2 free production [37].

Infection is considered to be partly due to digestive
ischemia and bacterial translocation occurring during
CPR. After CPR, early onset nosocomial infections are
frequent. In 67 patients who survived from CPR at least
72 h, 51 developed early onset nosocomial infections
(76% pneumonia and 9% bacteremia) [38]. Microor-
ganisms responsible for these infections were Entero-
bacteriaceae (32%), Enterococcus (9%), Staphylococcus
spp. (12%) and S. pneumoniae (9%) [38], which corre-
spond mainly to endogenous flora. These patients pre-
sent digestive symptoms in two-thirds of cases (vomi-
ting or hiccoughing 52%, diarrhea or ileus 16%, diges-
tive hemorrhage 32%). In another study [29], Gaussor-
gues et al. found that 12 out of 13 patients with early on-
set bacteremia after CPR had fetid diarrhea a few hours
after their ICU admission. Moreover, the same micro-
organisms were found in blood and feces. In addition,
13 out of 19 patients underwent digestive endoscopy
showing esophageal, stomach or colonic ischemia, pro-
found ulceration or necrosis. Non-occlusive mesenteric
infarction could also be involved in the genesis of these
bacteremia [39]. In another study [40], ten out of 56 pa-
tients had documented episodes of diarrhea or gastro-
intestinal bleeding during the first 48 h after CPR but
none of them developed bloodstream infection.

The digestive lesions together with the microorgan-
isms recovered are strong arguments for the predomi-
nant role of the digestive tract in the genesis of infec-
tion.
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3.3.4
Lower Respiratory Tract Infections Following Cardiac
Arrest and Successful CPR

Patients surviving CPR are at high risk of lower respira-
tory tract infections. They accumulate major risk fac-
tors such as emergency tracheal intubation, a de-
creased level of consciousness and bronchoaspiration.
Animal models indicate that lower esophageal sphinc-
ter pressure may decrease rapidly to 5 cmH2O during
cardiac arrest, which may further increase the risk of
gastric inflation and subsequent regurgitation, aspira-
tion and pneumonia during ventilation with an unpro-
tected airway [5]. Gastric regurgitation was recorded to
have occurred in 180 out of 797 (22.6%) patients with
cardiac arrest [41].

Complications of tracheal intubation performed on
emergency have been prospectively evaluated: among
297 tracheal intubations, radiological pictures of pul-
monary aspiration have been found in 4% of cases and
might partly explain the high rate of early onset pneu-
monia after CPR [42].

The incidence of lower respiratory tract infection in
CPR survivors was as high as 28.1% using protected
specimen brush and bronchoalveolar lavage culture
techniques [43] and was higher than that observed in
the other general ICU ventilated population.

Rello et al. [44] have shown that cardiopulmonary
resuscitation is independently associated with develop-
ment of very early-onset pneumonia (within the first
48 h of intubation). CPR [odds ratio: 5.13 (2.14–12.26)]
and continuous sedation [odds ratio: 4.4 (1.8–10.6)]
were significant risk factors of pneumonia, while anti-
biotic use [odds ratio: 0.29 (0.12–0.69)] showed a pro-
tective effect. Gajic et al. reported that 30% of cardiac
arrest patients developed new pneumonia after resusci-
tation [40]. S. aureus is the most frequently isolated or-
ganism of pneumonia in their study. The occurrence of
pneumonia was also reported in 29% of survivors of
ventricular fibrillation [31]. Tsai et al. reported pneu-
monia in 61% out-of-hospital cardiac arrest survivors
in the first 7 days. However, in contrast to findings in
the other studies, gram-negative bacteria accounted for
78.9% of cases of pneumonia (the most common or-
ganisms of pneumonia were Klebsiella pneumoniae
and Acinetobacter baumanii) [45].

3.3.5
Catheter-Related Infections and Bacteremia

After 7.5 min experimental cardiac arrest in dogs, bac-
teremia was present in all animals [46]. Bacteremia was
demonstrated in patients admitted to the ICU after suc-
cessful CPR. Gaussorgues and colleagues [29] found
that 13 out of 33 patients had at least two positive pe-
ripheral blood cultures in the first 12 h after admission.

Bacteremia was considered as being due to mesenteric
ischemia as 12 patients had fetid diarrhea during 3–5 h
following cardiac arrest. The microorganisms isolated
were found in both blood and feces in 12 cases. One S.
aureus catheter-related septicemia occurred after
emergency insertion of a central line. Tsai et al. found
13% bacteremia. The most commonly isolated organ-
isms of bacteremia were Staphylococcus spp. (S. aureus
and S. epidermidis) and Burkholderia cepacia [45]. In
the Gajic et al. study, 5 patients out of 79 had positive
blood cultures: S.aureus in three, Streptococcus pneu-
moniae in one, and combined S. epidermidis and Can-
dida spp. in one [40]. In most cases, during CPR, maxi-
mal sterile barriers are not used during insertion of
central venous catheters. Moreover, the femoral route is
frequently chosen. This could explain the high risk of
catheter-related infection in this situation [47, 49]. In a
study involving prospectively 300 catheters inserted in-
to 204 patients, Goetz and coworkers [48] found that
emergent insertion was associated with a sixfold in-
crease in the risk of catheter contamination (clinical in-
fection or colonization with >15 colonies on semi-
quantitative culture) [odds ratio 6.2; 95% confidence
interval (CI95) 1.1–36.7; P = 0.04].

Even if reasonable, there is currently no recommen-
dation for the removal of central catheters inserted un-
der emergency conditions, where breaks in aseptic
technique are likely to have occurred [49].

3.3.6
Other Infections

Other anecdotal infectious complications have been
described such as acute S. aureus mediastinitis compli-
cating sternal fracture during chest compressions and a
resulting retrosternal hematoma [50–52].

3.3.7
Consequences of Infections on the Prognosis
of CPR Patients

The impact of infections on the prognosis of CPR pa-
tients is still under debate. Although old studies re-
ported an increased risk of death associated with infec-
tion [29, 53], more recent studies did not [40, 45].

3.4
Prevention of Infection
3.4.1
For the Patient

During ventilation of unprotected airways, tidal vol-
umes of 0.5 l instead of 0.8–1 l may have an advantage
as they decrease the risk of gastric inflation and subse-
quent aspiration and pneumonia [5]. The use of the la-
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ryngeal mask airway alone or after bag valve mask ven-
tilation has been shown to reduce the risk of regurgita-
tion [41].

In the study of Rello et al. [44], exposure to antibiotic
independently prevented development of pneumonia
during the first 2 days of ventilation but has no effect on
late onset pneumonia frequently related to multiresistant
strains. Indeed, other studies have reported the protec-
tive effect of antibiotics specifically on episodes caused
by primary endogenous flora [54]. However, the protec-
tive effect of antibiotics has been shown to attenuate
when the time in the ICU increases [55]. Moreover, anti-
biotic use increases the risk of antimicrobial resistance.
Antimicrobial intravenous prophylaxis cannot be rec-
ommended. However, in the case of fever, after microbi-
ological samples have been taken, the threshold for insti-
tuting antimicrobial therapy, if there is any suspicion of
pneumonia or sepsis developing, should be lowered.

3.4.2
Precautions To Reduce the Risk for the Caregivers
During CPR

Healthcare workers know the “universal precautions”
for the prevention of cross-transmission of infectious
diseases. Guidelines for prevention and management of
biohazardous exposures during CPR are summarized
in the Appendix. However, in urgent situations, such as
cardiac arrest, it is often difficult to take the time to fol-
low these precautions. So, to decrease the risk for care-
givers, it is important to facilitate the use of new devices
such as needleless systems. One-way valve mouth-to-
mask systems or bag-valve masks [56] are of interest in
preventing direct mouth-to-mouth contact between
rescuer and patient. They seem to prevent transmission
from the oral flora to the rescuer’s side of the device.

Adequate training in CPR is one of the determinants
of the efficacy of CPR [57]. This training must address
protection from infection during CPR, with a great fo-
cus on measures for avoiding sharp injuries.

3.5
Conclusion

The benefit of initiating lifesaving resuscitation in a pa-
tient in cardiac arrest greatly outweighs the risk of sec-
ondary infection in the rescuers or the patient. Never-
theless, use of simple infection-control measures dur-
ing CPR can reduce a very low level of risk even further.

Instruction in CPR for providers of pre-hospital
care, the medical community, and the general public
should emphasize the benefits of providing MTMV, the
actual low risks of contracting infectious diseases dur-
ing administration of MTMV, and the use of widely
available and effective barrier masks to minimize any

risks due to administration of MTMV. The strategy to
compress the thorax first and then maintain the airway
and perform ventilation may only be advantageous for
the first 30 s of CPR.

After successful initial CPR, hyperthermia is frequent
and might be due to early onset nosocomial infection,
which requires immediate diagnosis and treatment.

Appendix

Guidelines for Prevention and Management of
Biohazardous Exposures During Cardiopulmonary
Resuscitation (Adapted from Mejicano and Maki [7])

1. Healthcare workers and public protection person-
nel likely to be called on to give CPR must be aware
of the potential catastrophic sequelae of biohazard-
ous exposure, especially needlestick injuries, and
of guidelines for prevention. This can be effected
through inclusion in all CPR training programs.
) Recapping or resheathing used needles must be

strongly discouraged. Effective and safe needle-
disposal units should be made widely and con-
veniently available throughout the hospital,
especially in locations that facilitate their imme-
diate use.
) Receptacles in metal or other impervious mate-

rial should be available and emptied according
to an established routine.
) Needleless systems now available should be

encouraged and made available in various sites,
including resuscitation carts and emergency
transport vehicles.
) Healthcare workers and public protection pro-

fessionals must be apprised of the importance of
obtaining adequate assistance when administer-
ing injections or infusion therapy to patients.
) Personnel must be apprised of the need to use

extreme care in cleaning up after CPR and other
procedures that involve needles, such as inser-
tion of central lines.

2. Oral barrier devices should be widely and conve-
niently available throughout hospitals and clinics
and in emergency transport vehicles where CPR is
likely to be performed.
) After every CPR procedure, especially if mouth-

to-mouth ventilation was done, an effort should
be made to determine whether the patient may
have had a dangerous, contagious infection,
such as pulmonary tuberculosis, meningococcal
or streptococcal sepsis, or overwhelming pneu-
monia. If the patient does not survive, cultures
and blood specimens should be obtained. If an
autopsy is carried out, evidence of undiagnosed
infection should specifically be sought.
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3. If a clear-cut biohazardous exposure to a patient’s
blood occurred through a needlestick, a blood
splash into the mouth or eyes, or broken skin, or if
blood or open sores were seen in the patient’s
mouth and mouth-to-mouth ventilation was given,
the patient must be tested for evidence of infection
with HIV, HBV, and HCV to determine the need for
postexposure prophylaxis.
) With biohazardous exposures, especially nee-

dlestick injuries, the exposure should be imme-
diately reported to the employee health service,
where the exposed person can be evaluated and
managed most consistently and inexpensively
and surveillance of all work related injuries can
be facilitated.
) Management of biohazardous injuries must be

possible 24 h a day, 7 days a week, by emergency
department personnel trained in the institution-
al biohazardous injury protocol.
) Particular attention should be given to persons

who have sustained repeated injuries to identify
accident-prone activities or persons.

4. Institutions should maintain continuous surveil-
lance of all biohazardous injuries. This can form
the basis for preventive programs and for assess-
ment of their effectiveness.

5. It is imperative that every hospital has a protocol
that provides unambiguous management guide-
lines specifically focussing on the following:
) Clear definitions of biohazardous exposures
) Procedures for immediate care of the injury at

the time of occurrence, such as squeezing the
puncture wound to induce bleeding and using
immediate cutaneous disinfection with a viru-
cidal agent, such as an iodophor
) Procedures to expeditiously determine the mag-

nitude of risk (for example, screening the resus-
citated patient for evidence of active with HBV,
HCV, and HIV)
) Guidelines for postexposure evaluation and treat-

ment, where indicated, especially for exposures to
hepatitis A virus, HBV, HCV, HIV, Mycobacterium
tuberculosis and Neisseria meningitidis
) Provisions for long-term follow-up of the

exposed rescuer, especially after exposures to
HBV, HCV and HIV
) Provisions for administrative follow-up of all

injuries (to minimize recurrences)
) Review and revision of the protocol at least

annually
) Public protection professionals who are likely to

provide CPR in the community must also have
access to an educational program and postexpo-
sure protocol, which will be most efficiently and
consistently effected through a local hospital.
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4Opportunistic Infections in the Intensive Care
Unit: A Microbiologic Overview
J. Vila, J.A. Martı́nez

4.1
Introduction

The word “opportunistic” refers to those microorgan-
isms which do not usually cause disease in people with
intact host defence systems; yet they can clearly cause
devastating disease in many hospitalised and immuno-
compromised patients. Therefore, it is probable that
virtually any microorganism with a capacity for sus-
tained multiplication in humans can cause disease
more readily in individuals with underlying chronic
diseases or in those who are otherwise compromised.
This concept of “opportunistic” pathogen should be
distinguished from “principal” pathogen, which refers
to microorganisms causing diseases in a proportion of
susceptible individuals with apparently intact specific
and non-specific defence systems. Normal human flora
is defined as microorganisms that are frequently found
on or within the body of a person, normally colonising
the epithelia or the skin, and such microorganisms may
be permanent or transient and they can be a source of
many opportunistic infections. Moreover, opportunis-
tic infections can also by caused by microorganisms
found in the inanimate environment.

It is currently recognised that patients in the ICU
have a five- to tenfold higher risk of acquiring nosoco-
mial infections than patients elsewhere in the hospital.
Overall, two types of infections may be considered in pa-
tients in the ICU. The first type is when the infection is
the cause of admission to the ICU and the second is the
infection acquired during hospitalisation in the ICU. We
will refer to the microorganisms associated with the lat-
ter in this chapter. According to the presence of the path-
ogen at the time of admission of the patient in the ICU,
the infection can be classified as endogenous primary
infection, endogenous secondary infection or exoge-
nous infection. In the first case, the pathogen is present
in the nose, pharynx or intestinal tract at the time of ad-
mission and the second is mainly caused by nosocomial
pathogens, which are not present in the patient at the
time of admission but rather, the patient becomes colo-
nised during the stay in the ICU. Exogenous infections
refer to those caused by pathogens which do not have a
previous step of transient colonisation.

4.2
Factors Predisposing Opportunistic Infections

Several factors contribute to the acquisition of oppor-
tunistic infections in the ICU: (1) use of invasive tools,
which alter the natural defensive barriers favouring the
colonisation of deep tissue; (2) use of devices, such as
humidifiers, that can be reservoirs for microorganisms
[1]; (3) use of lines and tubes for invasive monitoring
and therapy, which can bypass natural defence mecha-
nisms; (4) underlying diseases or impaired immune
function resulting from critical illness; (5) patient care
in the ICU involves close contact with hospital staff,
leading to possible cross-contamination from other pa-
tients or the environment [2, 3]. The consequent colo-
nisation of patients is generally accepted as a prerequi-
site for developing most nosocomial infections. The in-
cidence of colonisation increases significantly after ad-
mission to hospital.

4.3
Bacterial Opportunistic Infections

Overall, Gram-negative bacilli belonging to the Entero-
bacteriaceae family are the most frequently encoun-
tered bacterial isolates recovered from clinical speci-
mens. Thus, members of this family may be incriminat-
ed in virtually any type of infectious diseases and re-
covered from any specimen received in the laboratory.
These microorganisms are ubiquitous in nature, found
both in the general environment and on mucosal sur-
faces of mammals. Among the species belonging to this
family, Escherichia coli, Enterobacter spp., and Klebsiel-
la spp. are the most frequently related to infections in
the ICU (Table 4.1). Urinary tract infections are respon-
sible for 20–30% of nosocomial infections in this set-
ting [4, 5], and E. coli is, by far, the most frequently
found etiological agent. Moreover, this species, as well
as Klebsiella spp., is involved in peritonitis, cholangitis
and intra-abdominal infections. Enterobacter aero-
genes and Enterobacter cloacae, the most commonly
isolated species of the genus Enterobacter, cause a vari-
ety of infections including bacteraemia, urinary tract
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Table 4.1. Main aetiological agents of opportunistic infections
in the ICU

Wound infections
Clean Streptococci, staphylococci
Clean-
contaminated

Polymicrobial aerobic and anaerobic
(streptococci, staphylococci, Entero-
bacteriaceae, Pseudomonas, entero-
cocci, anaerobes)

Contaminated Polymicrobial aerobic and anaerobic
(streptococci, staphylococci, Entero-
bacteriaceae, Pseudomonas, entero-
cocci, anaerobes)

Prosthetic devices
Cerebrospinal
fluid (shunt-
associated
infections)

Coagulase-negative staphylococci (50%)
Staphylococcus aureus (20%)
Streptococci (10%)
Gram-negative bacilli (5–15%)
Corynebacterium spp. plus
Propionibacterium acnes (5–10%)

Orthopaedic
devices

Coagulase-negative staphylococci plus
Staphylococcus aureus (50%)
Enterobacteriaceae and streptococci

Catheter-related
bacteraemia

Coagulase-negative staphylococci (37%)
Staphylococcus aureus (26%)
Pseudomonas aeruginosa (5%)
Other Gram-negative bacilli (11%)
Streptococcus and Enterococcus spp. (5%)
Candida spp. (16%)

Catheter-asso-
ciated urinary
tract infections

Escherichia coli (24%)
Candida spp.
Enterococcus spp.
Pseudomonas aeruginosa (9%)

Ventilated-associ-
ated pneumonia

Pseudomonas aeruginosa (15.9–33.9%)
Streptococcus spp. (3.3–13.5%)
MRSA (3.3–19.3%)
MSSA (12.6–14.7%)
Acinetobacter baumannii (3.8–12.6%)
Enterobacteriaceae (3.7–9%)

MRSA methicillin-resistant Staphylococcus aureus, MSSA
methicillin-susceptible Staphylococcus aureus

and surgical wound infections [6]. Although the causa-
tive organisms of ventilator-associated pneumonia
vary widely from ICU to ICU, these three genera of Ent-
erobacteriaceae account for around 9% of the total
number of bacteria causing this type of pneumonia [7].

Enterobacteria grow well in the usual culture media
and are easy to identify with biochemical tests. Special
attention should be given to the antimicrobial suscepti-
bility testing of these bacteria due to the increased prob-
lem of the extended-spectrum q -lactamase-producing
Enterobacteria, mainly Klebsiella spp. and E. coli. Twen-
ty-five percent of Klebsiella isolates from European
ICUs produce extended-spectrum q -lactamases [8].

Pseudomonas aeruginosa and Acinetobacter bau-
mannii are the two most relevant non-fermentative
Gram-negative bacilli associated with infections in the
ICU. These microorganisms usually present multiresi-
stance. They have minimal requirements for growth
and tolerate a wide range of physical conditions, favou-

ring the acquisition of multiresistance [9]. P. aerugino-
sa is a common cause of bacteraemia and urinary tract
infections, often as a result of catheter use. In addition,
it has been identified as one of the commonest causes of
ventilator-associated pneumonia [10] (Table 4.1). In
the last decade, A. baumannii has emerged worldwide
as an important pathogen in hospitalised patients,
causing high mortality rates. This microorganism can
cause many infections including pneumonia, bacterae-
mia, meningitis, urinary tract infections, and skin and
soft-tissue infections. However, differentiating genuine
infection from colonisation is sometimes difficult and
the diagnosis is often based on clinical judgement.

These two microorganisms grow well in MacConkey
agar, and identification of P. aeruginosa includes pig-
ment (pyocyanin – blue-green and pyoverdin – green-
yellow) production and biochemical reactions. P. aeru-
ginosa is oxidase positive, in contrast to A. baumannii
and Enterobacteriaceae, which are oxidase negative.
Differentiation of A. baumannii from the remaining
species of the genus Acinetobacter should be made by
genotypic methods, since phenotypic methods are not
able to separate A. baumannii from Acinetobacter cal-
coaceticus, Acinetobacter genospecies 3 and Acineto-
bacter genospecies 13.

Obligate anaerobes are bacteria that cannot survive
in the presence of a high oxygen content. Strict anaer-
obes cannot grow in healthy tissues because of the oxy-
gen content, while tissue injury with limitation of the
blood (and oxygen) supply creates conditions for op-
portunistic growth of obligate anaerobes. Simulta-
neous infection with a facultative anaerobe, which uses
up the already diminished oxygen supply, also encour-
ages growth of obligate anaerobes. Strict anaerobes are
present in large numbers in the intestine (95–99% of
total bacterial mass), but also in the mouth and genito-
urinary tract. The most common infections resulting
from abdominal surgery or other gut injury are Entero-
bacteriaceae and Bacteroides fragilis. These are minor
components of the gut flora and demonstrate that cer-
tain microorganisms more readily produce opportu-
nistic infections than others. Most anaerobes in the
normal human flora are non-spore formers and anaer-
obic infections often occur from this source (Table 4.2).
Successful recovery of anaerobic bacteria requires rap-
id delivery and specimen processing to avoid over-
growth by facultative anaerobes. In addition, if air gets
into the sample during transportation to the clinical
laboratory the anaerobic organism can lose viability.
Special anaerobic containers are used to maintain a
moist, anaerobic atmosphere for the specimen during
transport. Currently, the most important anaerobic
pathogen is Clostridium difficile, which is the main
cause of antibiotic-associated diarrhoea or even life-
threatening pseudomomembranous enterocolitis (see
Chapter 15).
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Table 4.2. Anaerobic bacteria of clinical importance

Non-spore-formers Spore-formers

Gram-negative rods
Bacteroides (i.e. B. fragilis)
Prevotella
Porphyromonas
Fusobacterium

Gram-positive rods
Propionibacterium acnes
Actinomyces
Eubacterium lentum

Gram-positive cocci
Peptostreptococcus
Peptococcus

Gram-negative cocci
Veillonella
Acidominococcus

Clostridium tetani
Clostridium perfringens
Clostridium difficile

Among Gram-positive aerobic bacteria, Staphylococcus
aureus, coagulase-negative staphylococci and Entero-
cocci are the most prevalent as cause of infections in the
ICU. However, other Gram-positive bacteria such as
Corynebacterium spp. and Rodococcus equi can be im-
plicated in opportunistic infections, although a distinc-
tion must be carefully made between colonisation and
infection. It has been shown that colonisation with ei-
ther methicillin-susceptible or methicillin-resistant S.
aureus increases the risk of subsequent infections with
the same colonising strains, particularly wound infec-
tions and central venous catheter-related bacteraemia
[11–13]. S. aureus causes several types of infections in-
cluding pneumonia, bacteraemia and sepsis, and
wound infections. Moreover, they continue to be one of
the commonest pathogens isolated in ventilator-associ-
ated pneumonia and catheter-related bacteraemia (Ta-
ble 4.1) [14–16]. Among coagulase-negative staphylo-
cocci, S. epidermidis is the most important species, be-
ing a normal commensal at a wide variety of anatomi-
cal sites including mucous membranes, the axillae and
skin [17]. Coagulase-negative staphylococci cause
around 19% of nosocomial ICU infections [18, 19].
They mainly cause neurosurgical shunt and prosthetic
joint infections and are, by far, the most common path-
ogen isolated in catheter-related bacteraemia (Ta-
ble 4.1). Central venous catheters are indispensable in
the treatment of ICU patients, but the use of catheters is
associated with a risk of infectious complications. Cen-
tral venous catheters are the most common source of
nosocomial bloodstream infection and it has been esti-
mated that >25,000 episodes occur annually in the
United States [20]. In most studies of catheter-acquired
infections 30–40% of colonising microorganisms are
coagulase-negative staphylococci, with 5%–10% be-
ing S. aureus, that is microorganisms which are part of
the skin flora (Table 4.2) [21, 22]. Nosocomially ac-
quired pathogens are usually less frequently found and

include enterococci, Enterobacter spp., P. aeruginosa
and Candida spp. at rates of around 5%. For culturing
catheters, the most commonly accepted bacteriological
technique is the semiquantitative method developed by
Maki. Other techniques have been developed, such as
shaking a segment of the catheter with a vortex device
followed by quantitation of the released bacteria. All
staphylococci grow well in blood agar and S. aureus is
distinguished from coagulase-negative staphylococci
by its ability to clot blood plasma.

Finally, Enterococcus faecalis and E. faecium repre-
sent 95% of the infections caused by enterococci. These
microorganisms are part of the normal enteric flora of
both humans and animals. Enterococci have low patho-
genic potential except in patients who are severely ill or
immunocompromised; hence reports of enterococcal-
caused infections are mainly from ICUs, organ trans-
plant and oncology wards [23, 24]. Enterococci are the
second or third most common pathogens causing uri-
nary tract infections, bacteraemia and wound infec-
tions.

4.4
Fungal Opportunistic Infections

The habitat of fungi varies depending on the genera and
even the species. Among yeasts, C. albicans, C. glabrata
and C. tropicalis are part of the commensal flora of the
mouth, digestive tract and vagina of humans (C. albi-
cans being, by far, the most common). On mucosal sur-
faces they are kept in low concentrations (usually below
104 colony forming units/ml) by the intermicrobial inhi-
bition of commensal bacteria and normally functioning
CD4 cells. C. parapsilosis, the second most frequent
agent of candidaemia in neonates [25] and in adults
from Latin America and some other countries such as
Spain [26], rarely colonises healthy people, although
when it does, the skin seems to be the commonest place.

Most cases of systemic candidiasis are of endoge-
nous origin, with the bulk of evidence pointing to the
gut as the most common source, and overgrowth of
Candida indicated by intense and extensive mucosal
colonisation is a necessary prerequisite [27]. This does
not impede the possibility of exogenous acquisition
from contaminated environmental items, from staff
carriers or from other patients through the hands of
healthcare workers. Common source outbreaks may al-
so occur [28]. Overgrowth of Candida on mucosal sur-
faces is promoted by very low CD4 cell counts
(<200/µl), hyperglycaemia and administration of cor-
ticosteroids and antibiotics. In the critical care setting,
between one-half and two-thirds of the patients hospi-
talised for more than a week become colonised by Can-
dida and in about 40% multiple non-contiguous sites
are affected [29–31].
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In contrast to Candida spp., neither C. neoformans
nor moulds are part of the commensal flora of the skin
or mucous membranes. They grow as saprobes in de-
caying organic matter and their spores become easily
airborne. Cryptococcus is associated with soil rich in
bird droppings. Most opportunistic fungi are ubiqui-
tous worldwide and exposure is inevitable unless one is
under a protective environment that includes highly ef-
ficient air (and possibly water) filtration. At least two-
thirds of clinical infections are due to Aspergillus spp.,
particularly A. fumigatus and less often A. flavus. How-
ever, other Aspergillus species (A. terreus), hyalohy-
phomycetes [Fusarium, Pseudallescheria boydii (Scedo-
sporium apiospermum), Scedosporium prolificans, Pae-
cillomyces, Trichoderma], Zygomycetes (agents of mu-
cormycosis) and several dematiaceous fungi are oppor-
tunistic agents of increasing relevance.

Aspergillus spp. and less frequently other moulds
can colonise the tracheobronchial tree of patients with
chronic obstructive pulmonary disease. Some studies
have revealed that Aspergillus can be cultured from the
sputum of about 2–7% of patients with asthma, chron-
ic bronchitis or bronchiectasis and up to 60% of pa-
tients with cystic fibrosis, without evidence of invasive
infection [32–36]. In the critical care setting, mould
colonisation, almost always of the respiratory tract and
due to Aspergillus, can be demonstrated in up to 4% of
patients. Detection usually occurs after prolonged ICU
stay (>2 weeks), and again, chronic obstructive pulmo-
nary disease and prior corticosteroid therapy are the
most important risk factors in colonised or infected pa-
tients [37]. Outbreaks of infection can occur, usually
associated with hospital construction or renovation
works, contamination of air-handling systems, or other
environmental reservoirs [38].

The reservoir and mode of transmission of Pneumo-
cystis jirovecii have not been fully established. Howev-
er, evidence provided by the use of sensitive PCR tech-
niques has strongly suggested that P. jirovecii is carried
in the upper and lower respiratory tract by 20–30% of
healthy people and 10–40% of patients with different
chronic lung disorders [39, 40]. There is also increasing
evidence that this fungus can be transmitted, probably
by the airborne route, from infected patients to immu-
nosuppressed or immunocompetent hosts [41, 42]. The
latter could be the natural reservoir of the organism.

With the exception of the geographically restricted
dimorphic fungi that require rich media supplemented
with blood and prolonged incubation periods, most
fungi are not fastidious and can be isolated from pri-
mary mycological (and even bacteriological) cultures
in less than 5 days. A few organisms, such as P. jirovecii,
cannot be cultured at all. The demonstration of fungal
elements in clinical specimens requires specific stains.
Gram staining is inappropriate for most fungi, except
Candida spp., which appear as Gram-positive. Specific

stains include periodic acid-Schiff, Gomori meten-
amine-silver and calcofluor white, the last two being
able to reveal the wall of all fungi, including P. jirovecii.
The capsule of C. neoformans can be viewed by India
ink examination of CSF in & 50% of patients with men-
ingitis. Isolation of Candida and C. neoformans from
blood can be accomplished by using routine continu-
ously monitored blood culture systems with regular 5-
day incubation protocols, although a sensitivity no
higher than 50% is to be expected in systemic infec-
tion. However, a positive blood culture should always
be interpreted as indicative of true fungaemia. Several
serological tests for the diagnoses of invasive fungal in-
fection are available. In patients with cryptococcal
meningitis, detection of the capsular antigen in CSF is
an extremely sensitive and specific test. Serial twice
weekly surveillance of galactomannan antigen in blood
has proved to be a very sensitive and specific approach
for the diagnoses of aspergillosis in neutropenic hae-
matological patients, but sensitivity is greatly dimin-
ished in non-neutropenic individuals. Specificity is re-
duced in neonates, and false-positive results may be
due to the administration of piperacillin-tazobactam or
amoxicillin-clavulanate. Detection in blood of (1,3)- q -
D-glucan may serve as a panfungal test because it may
become positive in many fungal infections except those
due to Zygomycetes and C. neoformans. When used se-
rially in high-risk haematological patients it seems to
be very specific with a moderate to high sensitivity
(55–87%) [43–45]. However, there are serious doubts
about the specificity of this test in critically ill patients
[46]. Detection in blood of antigens and/or antibodies
against Candida continues to be plagued with ques-
tions concerning performance [47]. The most reliable
tests seem to be those based on the finding of mannan/
anti-mannan antibodies [48] or antibodies to C. albi-
cans germ tubes [49], although further prospective
evaluation is required. PCR techniques seem to have a
good sensitivity and specificity, particularly for Asper-
gillus, but they are still in-house non-standardised pro-
cedures.

4.5
Viral Opportunistic Infections

Viruses are not a common cause of ICU-acquired infec-
tion, except for RSV virus in neonatal units, where up
to 70% of cases may be hospital-acquired [50]. The risk
of nosocomial outbreaks of respiratory virus, particu-
larly influenza or RSV, is always a threat when there is
increased circulation of these agents in the community
(usually during the winter or spring) [51]. Some He-
sperviridae (CMV, herpes simplex 1, and human her-
pesvirus 6) can reactivate in non-severely immunosup-
pressed critically ill patients, although a possible link
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with clinical disease has only been suggested for CMV.
HHV-6 has been detected by PCR in the serum of 54%
of critically ill patients with multiple organ failure [52],
and HSV-1 can be found in the throat or lower respira-
tory secretions of about 20% of patients intubated for
more than a week [53]. Similarly, CMV can be detected
in blood or respiratory secretions in up to 35% of pa-
tients staying in the unit 10 days or more, particularly
in those with sepsis. In this context, CMV has been as-
sociated with increased morbidity and mortality, and
even with clinical disease, usually pneumonia, al-
though the real frequency of organ damage has not
been accurately established [54–56].

The diagnosis of viruses can be achieved by culture
or rapid antigen detection and gene amplification tech-
niques. Serology is usually not helpful to provide a
timely diagnosis. For respiratory viruses, nasal swab or
lavage specimens, sputum, tracheal aspirates and bron-
choalveolar lavage fluid may be appropriate samples.

References

1. Haddadin AS, Fappiano SA, Lipsett PA (2002) Methicillin
resistant Staphylococcus aureus (MRSA) in the intensive
care units. Postgrad Med J 78:385–92

2. Reuter S, Sigge A, Wiedeck H, et al. (2002) Analysis of trans-
mission pathways of Pseudomonas aeruginosa between pa-
tients and tap water outlets. Crit Care Med 30:2222–8

3. Pittet D, Dharan S, Touveneau S, et al.(1999) Bacterial con-
tamination of the hands of hospital staff during routine
patient care. Arch Inter Med 159:821–6

4. Richards MJ, Edwards JR, Culver DH, et al. (2000) Nosoco-
mial infections in combined medical-surgical intensive
care units in the United States. Infect Control Hosp Epide-
miol 21:510–15

5. Richards MJ, Edwards JR, Culver DH, et al. (1999) Nosoco-
mial infections in medical intensive care units in the Unit-
ed States. National Nosocomial Infections Surveillance
System. Crit Care Med 27:887–92

6. Sanders WE Jr, Sanders CC (1997) Enterobacter spp.: path-
ogens poised to flourish at the turn of the century. Clin
Microbiol Rev 10:220–41

7. Trouillet JL, Chastre J, Vuagnat A, et al. (1998) Ventilator-
associated pneumonia caused by potentially drug-resis-
tant bacteria. Am J Respir Crit Care Med 157:531–9

8. Babini GS, Livermore DM (2000) Antimicrobial resistance
among Klebsiella spp. collected from intensive care units
in Southern and Western Europe in 1997–1998. J Antimic-
rob Chemother 45:183–9

9. Vila J (1998) Mechanisms of antimicrobial resistance in
Acinetobacter baumannii. Rev Med Microbiol 9:87–97

10. Rello J, Sa-Borges M, Correa H, et al. (1999) Variations in
etiology of ventilator-associated pneumonia around four
treatment sites: Implications for antimicrobial prescribing
practices. Am J Resp Crit Care Med 160:608–13

11. Perl TM, Cullen JJ, Wenzel RP, et al. (2002) Intranasal mu-
pirocin to prevent postoperative Staphylococcus aureus in-
fections. N Engl J Med 346:1871–7

12. Kluytmans J, van Belkum A, Verbrugh H (1997) Nasal car-
riage of Staphylococcus aureus: epidemiology, underlying
mechanisms, and associated risks. Clin Microbiol Rev
10:505–20

13. Pujol M, Pena C, Pallares R, et al. (1996) Nosocomial
Staphylococcus aureus bacteremia among nasal carriers of
methicillin-resistant and methicillin-susceptible strains.
Am J Med 100:509–16

14. Chastre J, Fagon JY (2002) Ventilator-associated pneumo-
nia. Am J Resp Crit Care Med 165:867–903

15. Edmond MB, Wallace SE, McClish DK, et al. (1999) Noso-
comial bloodstream infections in United States hospitals: a
three-year analysis. Clin Infect Dis 29:239–44

16. Lowy FD (1998) Staphylococcus aureus infections. N Engl J
Med 339:520–32

17. von Eiff C, Peters G, Heilmann C (2002) Pathogenesis of in-
fections due to coagulase-negative staphylococci. Lancet
Infect Dis 2:675–85

18. Vincent JL, Bihari DJ, Suter PM, et al. (1995) The preva-
lence of nosocomial infection in intensive care units in Eu-
rope. Results of the European Prevalence of Infection in
Intensive Care (EPIC) Study. EPIC International Advisory
Committee. JAMA 274:639–44

19. Spencer RC (1996) Predominant pathogens found in the
European Prevalence of Infection in Intensive Care Study.
Eur J Clin Microbiol Infect Dis 15:281–5

20. Raad I (1998) Intravascular-catheter-related infections.
Lancet 351:893–8

21. Renaud B, Brun-Bruissson C (2001) Outcomes of primary
and catheter-related bacteremia: a cohort and case-control
study in critically ill patients. Am J Resp Crit Care Med
163:1584–90

22. Lorente L, Villegas J, Martı́n MM, et al. (2004) Catheter-re-
lated infection in critically ill patients. Intensive Care Med
30:1681–4

23. Bonten MJ, Willems R, Weinstein RA (2001) Vancomycin-
resistant enterococci: why are they here, and where do they
come from? Lancet Infect Dis 1:314–25

24. Hayden MK (2000) Insights into the epidemiology and
control of infection with vancomycin-resistant enterococ-
ci. Clin Infect Dis 31:1085–65

25. Roilides E, Farmaki E, Evdoridou J, et al. (2004) Neonatal
candidiasis: analysis of epidemiology, drug susceptibility,
and molecular typing of causative isolates. Eur J Clin Mic-
robiol Infect Dis 23:745–750

26. Pemán J, Cantón E, Gobernado M and the Spanish ECMM
Working Group on Candidaemia (2005) Eur J Clin Micro-
biol Infect Dis 24:23–30

27. Nucci M, Anaissie E (2001) Revisiting the source of candi-
demia: skin or gut? Clin Infect Dis 33:1959–1967

28. Pfaller MA (1996) Nosocomial candidiasis: emerging spe-
cies, reservoirs, and modes of transmission. Clin Infect Dis
22(Suppl 2):89–94

29. Petri MG, König J, Moeck HP, et al. (1997) Epidemiology of
invasive mycosis in ICU patients: a prospective multicen-
ter study in 435 non-neutropenic patients. Intensive Care
Med 23:317–325

30. Olaechea PM, Palomar M, León-Gil C, et al. and the EP-
CAN Study Group (2004) Economic impact of Candida
colonization and Candida infection in the critically ill pa-
tient. Eur J Clin Microbiol Infect Dis 23:323–330

31. Charles PE, Dalle F, Aube H, et al. (2004) Candida spp. col-
onization in critically ill medical patients: a prospective
study. Intensive Care Med 31:393–400

32. Kahanpää A (1972) Bronchopulmonary occurrence of fun-
gi in adults. Acta Pathol Microbiol Scand Sect B (Suppl
227):21–147

33. Yu VL, Muder RR, Poorsattar A (1986) Significance of iso-
lation of Aspergillus from the respiratory tract in diagno-
sis of invasive pulmonary aspergillosis. Am J Med
81:249–254

34. Bakare N, Rickerts V, Bargon J, et al.(2003) Prevalence of

References 33



Aspergillus fumigatus and other fungal species in the spu-
tum of adult patients with cystic fibrosis. Mycoses 46:19–
23

35. Uffredi ML, Mangiapan G, Cadranel J, et al. (2003) Signifi-
cance of Aspergillus fumigatus isolation from respiratory
specimens of nongranulocytopenic patients. Eur J Clin
Microbiol Infect Dis 22:457–462

36. Soubani AO, Khanchandani G, Ahmend HP (2004) Clinical
significance of lower respiratory tract Aspergillus culture
in elderly hospitalized patients. Eur J Clin Microbiol Infect
Dis 23:491–494

37. Garnacho-Montero J, Amaya-Villar R, Ortiz-Leyba C, et al.
(2005) Isolation of Aspergillus spp. from the respiratory
tract in critically ill patients: risk factors, clinical presenta-
tion and outcome. Crit Care 9:191–199

38. Lutz BD, Jin J, Rinaldi MG, Wickes BL, et al. (2003) Out-
break of invasive Aspergillus infection in surgical patients,
associated with a contaminated air-handling system. Clin
Infect Dis 37:786–793

39. Sing A, Roggenkamp A, Autenrieth IB, Heesemann J
(1999) Pneumocystis carinii carriage in immunocompe-
tent patients with primary pulmonary disorders as detect-
ed by single or nested PCR. J Clin Microbiol 37:3409–3410

40. Medrano FA, Montes-Cano M, Conde M, et al. (2005)
Pneumocystis jirovecii in general population. Emerg Infect
Dis 11:245–249

41. Miller RF, Ambrose HE, Wakefield AE (2001) Pneumocy-
stis carinii f. sp. hominis DNA in immunocompetent health
care workers in contact with patients with P. carinii pneu-
monia. J Clin Microbiol 39:3877–3882

42. Rabodonirina M, Vanhems P, Couray-Targe S, et al. (2004)
Molecular evidence of interhuman transmission of Pneu-
mocystis pneumonia among renal transplant recipients
hospitalized with HIV-infected patients. Emerg Infect Dis
10:1766–1773

43. Odabasi Z, Mattiuzzi G, Estey E, et al. (2004) q -D-glucan as
a diagnostic adjunct for invasive fungal infection: valida-
tion, cutoff development, and performance in patients
with myelogenous leukemia and myelodysplastic syn-
drome. Clin Infect Dis 39:199–205

44. Kawazu M, Kanda Y, Nannya Y, et al. (2004) Prospective
comparison of the diagnostic potential of real-time PCR,
double-sandwich enzyme-linked immunosorbent assay

for galactomannan, and a (1→3)- q -D-glucan test in week-
ly screening for invasive aspergillosis in patients with he-
matological disorders. J Clin Microbiol 42:2733–2744

45. Pazos C, Pontón J, del Palacio A (2005) Contribution of
(1→3)- q -D-glucan chromogenic assay to diagnosis and
therapeutic monitoring of invasive aspergillosis in neutro-
penic adult patients: a comparison with serial screening
for circulating galactomannan. J Clin Microbiol 43:299–
305

46. Digby J, Kalbfleisch J, Glenn A, et al. (2003) Serum glucan
levels are not specific for presence of fungal infections in
intensive care unit patients. Clin Diagn Lab Immunol
10:882–885

47. Stevens DA (2002) Diagnosis of fungal infections: current
status. J Antimicrob Chemother 49 (Suppl S1):11–19

48. Sendid B, Poirot JL, Tabouret M, et al. (2002) Combined
detection of mannanaemia and antimannan antibodies as
a strategy for the diagnosis of systemic infection caused by
pathogenic Candida species. J Med Microbiol 51:433–442

49. Moragues MD, Ortiz N, Iruretagoyena JR, et al. (2004)
Evaluation of a new commercial test (Candida albicans IFA
IgG) for the serodiagnosis of invasive candidiasis. Enferm
Infecc Microbiol Clin 22:83–88

50. Thorburn K, Kerr S, Taylor N, et al. (2004) RSV outbreak in
a pediatric intensive care unit. J Hosp Infect 57:194–201

51. Oliveira EC, Lee B, Colice GL (2003) Influenza in the inten-
sive care unit. J Intens Care Med 80–91

52. Desachy A, Ranger-Rogez S, François B, et al. (2001) Reac-
tivation of human herpesvirus type 6 in multiple organ
failure syndrome. Clin Infect Dis 32:197–203

53. Bruynseels P, Jorens PG, Demey HE, et al. (2003) Herpes
simplex virus in the respiratory tract of critical care pa-
tients: a prospective study. Lancet 362:1536–1541

54. Papazian L, Fraise A, Garbe L, et al. (1996) Cytomegalovi-
rus: an unexpected cause of ventilator-associated pneu-
monia. Anesthesiology 84:280–287

55. Heininger A, Jahn G, Engel C, et al. (2001) Cytomegalovi-
rus infections in nonimmnosuppressed critically ill pa-
tients. Crit Care Med 29:541–547

56. Jaber S, Chanques G, Borry J, et al. (2005) Cytomegalovi-
rus infection in critically ill patients: associated factors
and consequences. Chest 127:233–241

34 4 Opportunistic Infections in the Intensive Care Unit: A Microbiologic Overview



5Infections in Critically Ill Solid Organ
Transplant Recipients
O. Len, J. Gavaldà, A. Pahissa

5.1
Introduction

In recent years, advances in surgical techniques, immu-
nosuppressant drugs, diagnostic tests and preventive
strategies against a large number of pathogens have
achieved considerably lower infection rates among re-
cipients of a solid organ transplant. Certain opportu-
nistic infections such as cytomegalovirus (CMV) and
Pneumocystis jiroveci have undergone an important re-
versal in the past decade. Nevertheless, the appearance
of new pathogens and the escalation of antibiotic resis-
tance have altered the spectrum of the microorganisms
involved and, consequently, infection management in
the transplant patient. Nosocomial infection, in partic-
ular hospital-acquired bacterial infection, is presently
the main source of infection following transplantation.
Up to 53% of infections in a group of heart transplant
recipients were considered to be hospital-acquired and
63% of them were bacterial [1]. In liver transplant re-
cipients, 82% of all febrile episodes in a 2-year period
were described as nosocomial in origin, with 62% of
bacterial etiology [2].

Intensive care units are an integral part of the man-
agement of patients receiving a solid organ transplant.
Nevertheless, they represent the most common source
of nosocomial infection, with an incidence several
times higher than that of other hospitalization areas.
The vulnerability of transplant recipients to opportu-
nistic infections enhanced by the risk of nosocomial in-
fection in ICUs makes these patients a diagnostic and
therapeutic challenge.

5.2
Risk Factors

Classically, the risk of infection is considered to be
highest in the first 6 months after solid organ trans-
plantation. It is logical that new prophylactic and im-
munosuppressive practices may delay this critical peri-
od and modify the risk factors for infection. Although
the overall incidence of infection and CMV disease are
approximately 10 times more frequent in the early peri-

od (first 6 months after transplantation), the incidence
of other opportunistic infections is nearly as frequent
in the late period as in the early period. These data sug-
gest that the critical risk period for opportunistic infec-
tions must be redefined and extended, particularly in
certain high-risk patients: those suffering from acute
rejection, those with relapsing CMV disease or previ-
ous fungal and/or bacterial infection, liver recipients
with a choledochal jejunostomy, and lung transplant
recipients [3].

5.2.1
Pretransplant Period
5.2.1.1
Use of Antibiotics

Because of the underlying diseases leading to trans-
plantation, transplant recipients are immunodepressed
hosts who have received antibiotics frequently, some-
times for long periods of time. This antibiotic exposure
can lead to the onset of infections caused by resistant
bacteria. Quinolone prophylaxis for spontaneous bac-
terial peritonitis in cirrhotic patients has been associat-
ed with a higher risk of infection caused by quinolone-
resistant Gram-positive cocci and enterobacteria.

Another relevant factor is the production of extend-
ed-spectrum beta-lactamases (ESBL) by Gram-nega-
tive bacilli. Most ESBLs are mutants of TEM or SHV-1
that lead to hydrolysis of penicillins and other beta-lac-
tams. In addition, 30% of these bacteria also express
quinolone resistance. These enzymes have been found
most often in Klebsiella pneumoniae, although they are
also seen in other Gram-negative bacilli.

Another example illustrating the development of re-
sistance due to antibiotic administration is the emer-
gence of vancomycin-resistant enterococci. Once colo-
nization has occurred, they are difficult to eradicate.
The use of vancomycin, as well as third-generation
cephalosporins and metronidazole, has been associat-
ed with the acquisition of this type of bacteria. The
number and duration of the antibiotics administered
during the pretransplant period in liver recipients cor-
relate significantly with the risk of posterior infection
by a vancomycin-resistant enterococcus [4].
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Previous colonization of the lungs by Pseudomonas
aeruginosa or Burkholderia cepacia species with multi-
ple antibiotic resistance is associated with high mor-
bidity and mortality in the immediate post-transplan-
tation period. A 1-year survival rate of 34% has been
reported among these patients, and this has meant that
some hospitals refuse to consider them eligible for
transplantation [5].

5.2.1.2
Duration of Hospitalization

A lengthy hospital stay is not only an indirect indicator of
poor post-transplantation clinical progress, but also in-
volves an increased risk of colonization by a resistant
nosocomial microorganism. In liver transplant recipi-
ents, it was found that nasal carrier status for Staphylo-
coccus aureus is a predictor of invasive infection by this
microorganism [6]. We should mention that 46% of these
patients were already carriers before transplantation and
prolonged hospitalization was related with acquisition of
methicillin resistance [7]. This also occurs with the ap-
pearance of ESBL-producing Klebsiella pneumoniae
strains and vancomycin-resistant enterococci [4].

5.2.1.3
Immunosuppression

Liver transplantation is considered as first-line treat-
ment for fulminant liver failure. Multiorgan failure to-
gether with the administration of immunosuppressive
medication puts these patients at risk for opportunistic
infections, such as invasive aspergillosis, in the imme-
diate post-transplantation period [8]. The use of aza-
thioprine and corticosteroids to treat idiopathic pul-
monary fibrosis in lung transplantation has been corre-
lated to a higher incidence of CMV disease [9].

5.2.1.4
Renal Failure

Uremia causes several defects in the host defense mech-
anisms, such as chemotaxis, complement activation,
opsonization, and cellular immunity, which can in-
crease susceptibility to infection, not only among renal
transplantation patients. Renal failure, particularly the
need for replacement therapy prior to transplantation,
identifies patients at risk of invasive aspergillosis [10]
and other types of infections, which can increase mor-
tality [11].

5.2.2
Surgical Factors and Type of Transplantation

It is evident that the site, severity, and type of bacterial
and fungal infection during the post-transplant period

will be influenced by the anatomic barriers affected and
the specific surgical complications in each type of
transplantation.

Liver transplantation involves complications related
to the biliary tree and vascular anastomoses. Thrombo-
sis of the hepatic artery will lead to hepatic infarction
and formation of a biloma, which can be infected or
not. Although the clinical presentation is usually acute
or fulminant, it can also be occult, manifesting as an
unexplained fever or recurrent bacteremia. Bile com-
position is altered after liver transplantation due to
cholesterol supersaturation and the formation of bili-
ary sludge, which can predispose the patient to develop
cholangitis. Another factor that favors this process is
placement of a Kher tube to protect the biliary suture,
predisposing the patient to microbial colonization.
Furthermore, liver transplant recipients are exposed to
invasive candidiasis [12] originating from an endoge-
nous source and facilitated by deficiencies in reticulo-
endothelial function and translocation of the microor-
ganism through the intestine.

Urinary tract and surgical wound infections are the
most common nosocomial infections in renal trans-
plant recipients. They occur in more than 50% of pa-
tients during the first 3 months and often lead to bac-
teremia. Contributing factors are diabetes mellitus, re-
nal failure, malnutrition, and prolonged urinary cathe-
ter use.

Lung transplant recipients are especially susceptible
to nosocomial bacterial lung infection, particularly
during the first month. Loss of mucociliary clearance
and the cough reflex, postoperative pain, and donor
tracheal colonization are factors that contribute to the
high risk of postoperative pneumonia in lung trans-
plant recipients.

In an epidemiological study done as part of RESI-
TRA (Transplant Infection Study Network), 291 heart
transplant recipients were followed-up for 2 years and
49% of these patients developed 1 to 10 episodes of in-
fection. The predominant etiology was bacterial
(53%), followed by viral (41%), fungal (4%), and other
(2%) causes. Lower respiratory tract infection was the
most frequent (23.4%), followed by bacteremia (9.6%),
and surgical wound infection (5.5%). Nevertheless, the
pathogen identified most often was CMV (23%) [13].

The characteristics that predispose to infection
among patients who receive a small intestine transplant
include the inherent lack of sterility of this kind of sur-
gery and the more intense immunosuppression re-
quired to prevent rejection. Virtually all these patients
experience at least one infection episode, and those
who receive a multiorgan transplant or colon segment
are the ones most highly exposed to infection [14]. Bac-
terial translocation predisposes a patient to peritonitis
or intra-abdominal abscesses. Hence, selective intesti-
nal decontamination can be highly beneficial.
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5.2.3
Post-transplant Period
5.2.3.1
Immunosuppression

Defense mechanisms altered by immunosuppressive
medication can influence a patient’s susceptibility to a
specific kind of opportunistic pathogen. Corticoids
mainly affect T-lymphocyte activation by inhibiting
the release of IL-2 and other related cytokines. Indis-
criminate use of these drugs in early transplantation
programs was related to an increase in fungal infection.
In addition, corticoids have nonspecific anti-inflam-
matory activity and inhibit leukocyte migration. This
leads to accelerated replication of hepatitis B virus
(HBV) and human herpesvirus 8 (HHV-8) [15].

The therapeutic effect of cyclosporine and tacroli-
mus is exerted by inhibition of T-lymphocyte activa-
tion after blocking transcription of IL-2, IL-3 and inter-
feron gamma [16]. Cyclosporine use has been associat-
ed with a higher incidence of Kaposi’s sarcoma. Tacroli-
mus is 30–100 times more potent than cyclosporine
and is significantly associated with a lower incidence of
episodes of acute rejection and steroid-resistant rejec-
tion. Interestingly, one study reported fewer episodes
of CMV infection associated with this drug [17]. This
fact can be explained by the reduced need for corti-
coids, due to the lower rejection rate. When mycophe-
nolate mofetil, an ester of mycophenolic acid derived
from the Penicillium brevicompactum fungus, is associ-
ated with tacrolimus therapy, the tacrolimus dose can
be reduced, resulting in a lower incidence of nephro-
toxicity and neurotoxicity. Mycophenolic acid blocks
the production of guanosine nucleotides, leading to se-
lective inhibition of B- and T-lymphocyte proliferation.
Its use has been associated with a higher incidence of
CMV infection and a lower incidence of Pneumocystis
jiroveci pneumonia [18]. Treatment with anti-T-lym-
phocyte monoclonal antibodies and antithymocytic
globulin has been linked to a higher incidence and se-
verity of post-transplantation CMV disease. Likewise,
the use of OKT3, more common in the past, increased
the frequency of infections caused by herpes simplex
virus, Aspergillus spp., Pneumocystis jiroveci, and My-
cobacterium tuberculosis as well as post-transplanta-
tion lymphoproliferative disease [19].

5.2.3.2
Immunomodulating Viruses

Herpesvirus. Herpesviruses exhibit a wide variety of
immunosuppressive and immunomodulating charac-
teristics that facilitate superinfections by other oppor-
tunistic pathogens and promote oncogenesis and rejec-
tion. Cytomegalovirus induces the production of im-
munosuppressive cytokines that alter lymphocyte and

macrophage function. Moreover, these alterations per-
sist once the acute infection has resolved, even up to
60 months later [20]. In addition, CMV is related to re-
jection, since it modifies the expression of Class I and II
major histocompatibility antigens [21, 22]. CMV infec-
tion or disease has been associated with increased fibro-
sis or chronic severe hepatitis due to hepatitis C virus
(HCV) and subsequent graft failure in HCV-infected
liver transplant recipients [23]. To date, it is unknown
whether CMV mediates these events by inducing in-
creased immunosuppression or directly enhancing
HCV replication. CMV infection, therefore, has a poten-
tial impact on both patient and graft outcome [24].

Human herpesvirus 6 is recognized as an important
pathogen in solid organ transplantation. It mainly in-
fects CD4+ T lymphocytes by inhibiting their prolifera-
tive capacity, and induces the production of immuno-
modulatory cytokines such as IL-1 [25]. The presence of
HHV-6 is considered an independent predictive factor
of invasive fungal infection and mortality in solid organ
transplants [26] and an activating factor for the replica-
tion of other viruses such as CMV [27]. CMV, further-
more, favors infection by other opportunistic patho-
gens, such as Pneumocystis jiroveci and fungi, and
Gram-negative bacteria in lung transplant patients [10].

Gamma herpesviruses, such as Epstein-Barr (EB)
and HHV-8, are not directly immunosuppressants, but
they are potentially oncogenic [28]. In cases of failure
of the specific cytotoxic T-cell response against EB, un-
controlled replication of infected B-lymphocytes oc-
curs, which can lead to a spectrum of entities from
polyclonal hyperplasia to B-cell lymphoma. HHV-8 is
the cause of Kaposi’s sarcoma in solid organ recipients
[29]. This virus codes for specific genes in the genome
of the host’s cells, and thereby promotes angiogenesis,
inhibits apoptosis, and counteracts the host’s defense
mechanisms [30].

Hepatotropic Viruses. In HBsAg-positive recipients,
the main cause of death during the early post-trans-
plant period is sepsis. In a series of 23 liver recipients
transplanted for cirrhosis secondary to HBV infection,
11 died due to sepsis, 90% of them in the first 3 months
[31]. Recurrent HCV infection in the post-transplant
period increases the incidence of infections, particular-
ly those dependent on cellular immunity [10, 32].

5.3
Infectious Complications in Critically Ill
Transplant Recipients
5.3.1
Bacteremia

The overall incidence of bacteremia in solid organ
transplant recipients is around 16%, with some differ-
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ences according to the type of transplantation: 8% in
kidneys, 9% in heart, 10.5% in lung, 11% in liver, and
23% in pancreas [33, 34]. The crude mortality is nearly
10% and is associated with isolation of Gram-negative
bacilli and a pulmonary source [33]. In addition, bac-
teremia is more severe in heart and liver transplant re-
cipients than in kidney recipients [34]. The sources of
bacteremia also differ according to the type of trans-
plantation: pneumonia in heart and lung transplanta-
tion, urinary tract in kidney transplantation, biliary
tree and intra-abdominal in liver transplantation, and
surgical wound and urinary tract in pancreas trans-
plantation. In any case, the most frequent overall
source of bacteremia is intravascular catheter-related
infection, occurring in 39% of cases. The vast majority
of these episodes are hospital-acquired.

In kidney transplantation, bacteremia in the post-
transplant period is usually caused by Gram-negative
aerobic bacilli such as Escherichia coli. It has recently
been estimated that 7% of bacteremia in kidney trans-
plantation is related to the presence of diabetes mellitus
and acute rejection episodes [35]. More than 50% of all
cases of bacteremia in this type of transplantation can
occur 1 year after transplantation. This appears to be
closely related to the return to hemodialysis. Staphylo-
coccus aureus is the pathogen mostly often implicated.

In liver transplantation, bacteremia follows the sur-
gical procedure, with an incidence of 11.5% [36]. In
about half the cases, the abdomen is the main portal of
entry and up to 75% occur in the first 2 months. Re-
ports in the late 1980s indicated that 50% of bacteremia
cases were due to Gram-negative bacilli [37]. However,
with the current advances in surgical techniques, the
main source of bacteremia is now intravascular stents.
In a study in which bacteremia was responsible for 45%
of febrile episodes in liver transplant recipients admit-
ted to the ICU, the origin was an intravascular catheter
in 29% of the episodes, followed by pneumonia (18%)
and a biliary origin (18%) [38]. The risk factors associ-
ated with bacteremia in this population are mycophe-
nolate mofetil use and the existence of acute rejection
[36].

Pneumonia due to Gram-negative bacilli is the main
cause of bacteremia in heart transplantation [33]. Oth-
er causes of bacteremia identified in these patients in-
clude pseudoaneurysms, mediastinitis, and infections
due to mechanical assistance devices, in which infec-
tion by Gram-positive cocci, particularly S. aureus, pre-
dominates.

In a study performed among small intestine trans-
plant recipients, 72% of the patients developed at least
one episode of bacteremia. Vascular accesses were re-
sponsible for infection in 43% of the episodes and 62%
of the cases were caused by Gram-positive cocci [14].

Lastly, bacteremia in the donor does not appear to
involve any risk for the development of bacteremia in

the recipient or for survival when appropriate prophy-
laxis targeting the specific microorganism is per-
formed. In a study carried out within RESITRA, 15.2%
(32/211) of donors with infection at the time of trans-
plantation had positive blood cultures; pneumonia due
to Pseudomonas aeruginosa developed in only one re-
cipient of a liver graft at 2 days following the procedure
[39].

5.3.2
Central Nervous System Infections

Up to 8% of transplant patients may present important
neurological sequelae or central nervous system le-
sions. Infection is the etiology in up to 22% of cases
[40]. The incidence of cerebral abscesses in this popula-
tion has been estimated at 1% for liver transplantation,
0.36% for renal transplantation, and 1% for heart and
heart-lung transplantation. Most cases have a fungal
etiology, with invasive aspergillosis being the causative
pathogen in 90% [41]. The risk factors for the develop-
ment of this severe complication include those indicat-
ing a poor clinical progress after transplantation, such
as the presence of bacterial infections, renal failure
with or without replacement therapy, and CMV disease
[10]. Other pathogens may be implicated, including
Cryptococcus neoformans, mucoral fungi (e.g., Rhizo-
pus spp.), and dematiaceous fungi (e.g., Alternaria
spp.). Mucoral fungi generally appear in the first
30 days post-transplantation, whereas dematiaceous
fungi and C. neoformans appear at a median of
21 months [40]. It has been well established that the bi-
modal presentation of Aspergillus spp. is related to var-
ious risk factors [10]. This microorganism rarely af-
fects the brain alone; generally there is concomitant
lung involvement. Thus, biopsy of cerebral lesions
would only be indicated in the absence of lung involve-
ment. Nocardia spp. and T. gondii are also implicated in
cerebral abscess. These infections are usually diag-
nosed in a stable post-transplantation phase and ap-
pear to be more frequent in heart transplantation [41].
Pyogenic abscesses, such as mycotic aneurysms, partic-
ularly those due to S. aureus, are uncommon and occur
primarily in patients with endocarditis.

Meningitis and bacteremia are often caused by Liste-
ria monocytogenes, which usually presents at a late stage
during the post-transplant period, since cotrimoxazole
prophylaxis administered in the early post-transplanta-
tion phase prevents this complication. Despite the fre-
quency of CMV disease in patients receiving a solid or-
gan transplant, it is rarely a primary pathogen in CNS
infection. Similarly, the incidence of encephalitis due to
herpes simplex virus does not appear to be higher than
among the general population [42]. Among the compo-
nents of the family of herpesviruses, HHV-6 has the
highest affinity for the central nervous system. In trans-
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plant patients, HHV-6 encephalitis manifests as alter-
ations of consciousness ranging from confusion to co-
ma, seizures, and headache rather than as focal alter-
ations. The diagnosis is made by PCR analysis of the vi-
rus in cerebrospinal fluid [43]. On many occasions, al-
tered mental status in the early post-transplantation pe-
riod is attributed to immunosuppressant medication.
Nevertheless, it is well demonstrated that lowering the
dose of immunosuppressant medication can suffice to
reverse the manifestations of HHV-6 infection, which
could mean that the alteration may be due to the virus
and not to the medication in some cases [44].

5.3.3
Pneumonia

The risk of pneumonia in lung transplantation is up to
four times higher than in patients with other trans-
planted organs, with an incidence of nearly 40%. In RE-
SITRA, it was observed that 40% of pneumonia cases in
these patients were recorded during the first month
and 31% were related to mechanical ventilation. A bac-
terial etiology was responsible for 78% of the episodes
in which the etiology could be established, with P. aeru-
ginosa (48%) and S. aureus (16%) being the most fre-
quent microorganisms [45]. The differential diagnosis
of pneumonia during the first 15 days after the lung im-
plantation is mainly with preservation lesions or acute
rejection. When antifungal prophylaxis is not given,
the incidence of invasive pulmonary aspergillosis may
be high; in this population it is related to colonization
before [10] or after [46] transplantation. Nevertheless,
initiation of preventive measures such as nebulized de-
oxycholate [47] or liposomal [48] amphotericin B is ef-
fective for controlling the problem.

In liver transplantation, the origin of pulmonary in-
filtrates is associated with the diagnosis of pneumonia
in 38% of cases [49]. Another study conducted as part
of RESITRA showed a 12.7% incidence of pneumonia,
with 67% of episodes reported in the first month and
29% related to mechanical ventilation. Gram-negative
bacilli (Acinetobacter baumannii, Pseudomonas aeru-
ginosa and Escherichia coli) were the main cause of
pneumonia (82%) [50].

The incidence of pneumonia in heart transplant re-
cipients is 15% [51], with mortality as high as 30%
[52]. In this population, 64% of the episodes occur in
the first month after transplantation and 43% are asso-
ciated with mechanical ventilation. According to the
latest data reported by the RESITRA investigators, the
etiology in these episodes was predominantly bacterial
(88%), with P. aeruginosa, A. baumannii and S. aureus
being the main agents. Only 1 of the 44 episodes re-
ported in 292 transplants was due to CMV [51].

With regard to renal transplantation, the incidence
of pneumonia reported in the latest studies is 4.6%

[53]. Unlike the other types of solid organ transplanta-
tion, only 34% occur in the first month after the proce-
dure.

Diagnosis. In solid organ transplant recipients in
critical condition, the etiology of pulmonary infiltrates
must be diagnosed as soon as possible. In some cases,
the radiological findings can assist the diagnosis, with
the presence of nodules suggesting fungal or M. tuber-
culosis infection [54]. It should be kept in mind that be-
cause of the therapeutic implications of lung transplan-
tation, acute rejection can also have a nodular appear-
ance. Nevertheless cavitation of the nodules is a typical
sign of fungal infection. Bacterial pneumonia presents
as alveolar infiltrates, whereas P. jiroveci, CMV and oth-
er herpesviruses present as interstitial or reticulonodu-
lar infiltrates. Isolation of P. jiroveci, Legionella spp.,
Nocardia spp., M. tuberculosis or Cryptococcus spp.
provides the diagnosis of lung infection. However, cul-
ture of sputum and respiratory secretions is diagnostic
in 20–35% of cases and blood culture in only 6–10%
[45, 50, 51, 53]. In one reported series of liver transplant
recipients with pneumonia admitted to the ICU, blood
cultures were positive in 40% [55]. When the diagnosis
is not achieved with noninvasive tests, fibrobronchos-
copy with bronchoalveolar lavage (BAL) must be done,
preferably in patients with diffuse pulmonary infil-
trates. If the patient has nodular involvement, fine-nee-
dle aspiration biopsy (FNAB) is superior to BAL [56].
Transbronchial biopsy has additional value for the di-
agnosis of rejection in lung transplant recipients. Open
biopsy should be reserved for patients with progressive
involvement refractory to antibiotic therapy, in whom
BAL and FNAB have not been diagnostic.

5.3.4
Surgical Wound Infections

Hospital-acquired infection of the surgical wound in
solid organ recipients is associated with increased mor-
bidity, including longer hospital stay and graft loss in
patients with kidney or pancreas transplants. Surgical
wound infection in kidney transplant recipients is usu-
ally caused by staphylococci or Gram-negative bacilli.
Staphylococcal infections are associated with superfi-
cial and early involvement, whereas those caused by
Gram-negative bacilli appear later and cause deep in-
fection that can lead to bacteremia, graft loss or even
the death of the patient. Prolonged urinary catheteriza-
tion, wall hematoma formation following surgery, and
repeat surgery are risk factors for this condition in re-
nal transplantation [57]. However, improvements in
the surgical technique and adequate antibiotic prophy-
laxis have decreased this problem [35].

Sternotomy infection occurs in 2–20% of heart and
lung transplant recipients. The microorganisms in-
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volved are Gram-positive cocci, enterobacteria and P.
aeruginosa. These infections can extend toward the
mediastinum and cause mediastinitis in 2–9% of pa-
tients receiving these organs. In patients colonized by
antibiotic-resistant P. aeruginosa receiving a lung
transplant for cystic fibrosis, the problem can become
extremely serious. Even when the infected lung is re-
moved during the procedure, residual colonization of
the oropharynx and paranasal sinuses may be the
source of future infections. Aerosolized colistin sodi-
um may be useful to promote the emergence of sensi-
tive microbes in cystic fibrosis candidates with pan-re-
sistant isolates of Pseudomonas spp. before transplan-
tation [5].

Surgical wound infection is particularly important
in pancreas transplantation, with a reported incidence
of 30% [58]. Deep infection of the surgical bed can lead
to pancreatic graft loss, with a 1-year survival of
16–20% [58]. Infection is favored by the predisposi-
tion to ischemia inherent to the low vascularization of
the pancreas and the release of gastric juices in the sur-
gical bed. The predominant microorganisms in this
condition are S. epidermidis and C. albicans. Infection
due to the latter is favored by high urinary colonization
in diabetic patients, advanced age, retroperitoneal po-
sition of the pancreas, and a lack of catheterized drain-
age. This type of infection is mainly observed in the
first month post-transplantation.

A recent study conducted within RESITRA reported
that the incidence of surgical wound infection in liver
transplantation is around 4.7% of patients, with an as-
sociated mortality of 4.2%. In most cases, the etiology
is polymicrobial with a predominance of Gram-posi-
tive cocci. Analysis of the risk factors associated with
this entity found that surgical prophylaxis with first-
and second-generation cephalosporins is associated
with 6.5-fold greater risk of surgical bed infection. In
patients with biliary-enteric bypasses the risk is 2.9-
fold higher [59].

5.4
Important Microorganisms in Transplantation
Infection in a Critical Recipient
5.4.1
Fungal Infections

The latest data indicate that the incidence of invasive
fungal disease in critically ill transplant patients in our
setting is about 2.2% [60]. The most common invasive
fungal infections in this population are aspergillosis
and candidiasis, whereas cryptococcosis, zygomycosis,
dematiaceous fungi, and P. jiroveci are less frequent.
The incidence of aspergillosis and invasive candidiasis
according to the type of transplantation is shown in Ta-
ble 5.1 [60].

Table 5.1. Incidence of invasive aspergillosis and candidiasis by
type of transplantation

% Heart Liver Pancreas Lung Kidney

Aspergillosis 0.4 0.8 0.7 3.9 0.2
Candidiasis 1.2 1.7 13.6 1.9 0.8

5.4.1.1
Aspergillosis

Invasive aspergillosis remains an important cause of
morbidity and mortality in solid organ transplanta-
tion. This infection shows some common characteris-
tics and risk factors, and others that differ according to
the type of transplantation. Although the incidence has
gradually decreased over time, mortality continues to
be high: about 76% overall and 95% in cases affecting
the central nervous system [10].

Epidemiology. The presentation of invasive aspergil-
losis follows a bimodal pattern with some characteristic
risk factors in each case [10]. In 57% of the episodes, the
disease manifests during the first 3 months after trans-
plantation and is associated with the variables that de-
fine a more seriously ill patient in the postoperative pe-
riod, such as the need for vasoactive drugs for more
than 24 h after surgery, the development of renal failure
with or without the need for replacement therapy, more
than two episodes of bacterial infection, and CMV dis-
ease [10]. Lung transplantation has the highest inci-
dence of invasive aspergillosis among solid organ recip-
ients [10, 60]. In this population, colonization in the
6 months before transplantation has been identified as
an independent risk factor for the development of this
disease [10]. Colonization is frequent in patients with
cystic fibrosis and the characteristic presentation of the
disease in these patients is ulcerative tracheobronchitis.
Local inflammation of the bronchial suture may act as a
trigger for the development of Aspergillus infection that
can lead to suture dehiscence or fistula formation. In
liver transplantation, HCV infection is independently
associated with the development of aspergillosis after
the 3rd month post-transplantation [10]. Some studies
have shown that the evolution of the graft is slightly
poorer in these patients with respect to non-hepatitis C
virus transplants, partially due to the high recurrence
rate of hepatitis C virus in the graft [61]. Regarding the
immunomodulator role of HCV, a documented clinical
experience has shown a higher number of infectious
complications in transplanted patients with HCV infec-
tion [62]. Again, immunologic studies in these patients
showed a significant decrease in circulating CD4 popu-
lations and a lower response to mitogenic stimulation
[63]. In all cases, the lung is the portal of entry; hence
Aspergillus infection occurs very rarely in an intra-ab-
dominal location or in the surgical wound.
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Diagnosis. Early diagnosis of invasive aspergillosis is
essential to lower the associated mortality. Culture of
sputum or BAL specimens detects the fungus in ap-
proximately 50% of cases; hence, culturing may follow
vascular invasion. High-resolution CT may be sugges-
tive of the disease as soon as the symptoms develop and
before cultures are positive [64]. The images known as
the halo sign (area of low attenuation around a nodular
lesion due to edema or bleeding around an ischemic ar-
ea) and crescent sign (air around a lung nodule due to
contraction of infarcted tissue, a marker of good evolu-
tion), although more frequent in neutropenic patients,
are highly suggestive of this entity [65]. Serological
tests such as galactomannan antigen determined by
ELISA have shown high sensitivity and specificity in
the diagnosis of invasive aspergillosis among high-risk
oncohematologic patients with neutropenia. However,
the usefulness of this strategy in solid organ transplant
patients has not been determined and should not be re-
lied upon [66]. Depending on the type of lesion, its lo-
cation, and the level of acquired experience, CT-guided
puncture should be considered, with analysis of the
specimens obtained by staining, culture and cytology
techniques [67].

Prophylaxis. The use of amphotericin B deoxycholate
at a low dose of 6 mg in nebulized form, supported by

Fig. 5.1. Nebulized amphotericin B labeled with 99mTc (nAB-99mTc) aerosol distribution and 99mTc-albumin macroaggregate per-
fusion images. A Bilateral sequential lung transplantation without bronchiolitis obliterans syndrome (BOS). B Bilateral sequen-
tial lung transplantation with BOS. C Single left-lung transplant

pharmacokinetic studies showing that high, steady lev-
els are achieved for at least 24 h in lung transplant re-
cipients without chronic rejection (Fig. 5.1) [68], is as-
sociated with a lower incidence of fungal infection due
to Aspergillus spp. [47] in lung transplant patients. The
role of the azole antifungals has not been proven and
they may reduce the incidence of aspergillosis while in-
creasing the incidence of emerging fungi [69]. Recently,
it has been shown that oral itraconazole may be useful
as prophylaxis in a subset of heart transplant recipients
at a high risk of invasive aspergillosis [70]. In a further
step ahead, nebulized liposomal amphotericin B ad-
ministered three times per week during the first
3 months, once per week up to the 6th month and every
15 days thereafter, also supported by pharmacokinetic
and clinical studies done by our group in Hospital Vall
d’Hebron, has demonstrated excellent efficacy and
safety [48]. This approach is currently being extrapo-
lated to high-risk oncohematologic patients with simi-
lar efficacy and safety [71].

Treatment. Although it is not always possible, an at-
tempt should be made to reduce immunosuppression
first. With regard to antifungal options, a review of the
literature shows that liposomal amphotericin B has
lower associated toxicity (particularly renal toxicity
with concomitant tacrolimus administration), a higher
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success rate and a lower mortality risk as compared to
deoxycholate amphotericin B [72]. Voriconazole also
presents better response, higher survival and fewer ad-
verse effects than deoxycholate amphotericin B [73,
74]. The role of intravenous itraconazole must still be
elucidated with regard to efficacy and the high number
of pharmacological interactions with immunosuppres-
sant drugs. Nevertheless, the oral formulation of itra-
conazole could be useful in long-term therapy. Caspo-
fungin is approved for use as rescue therapy in patients
with a lack of response or intolerance to the first-line
treatment. The poor results of existing treatments has
encouraged the practice of combining drugs to seek
synergistic effects: azoles plus echinocandins or poly-
enes plus echinocandins, although there is no definitive
data about the efficacy and safety of this approach [75,
76].

Surgery should be indicated in patients with mas-
sive hemoptysis or hemoptysis secondary to a lesion
near large vessels, in paranasal sinus disease, when a
single cavitated lung lesion progresses despite appro-
priate antifungal treatment, and in patients with infil-
tration of the pericardium, large vessels, bone, or sub-
cutaneous thoracic tissue while under treatment. In
our opinion, the treatment of choice is liposomal am-
photericin at doses of 5 mg/kg/day or higher. In a re-
cent study, the Cochrane group questioned the role of
voriconazole in this setting [77]. In cases of therapeu-
tic failure (progression by the end of the 1st week or
stability after 1 month of treatment), associated anti-
fungals would be indicated. The optimal course of
treatment is unknown and depends on the extension of
the disease, the response, and the patient’s immune
status. A logical sequence would be to initiate intrave-
nous treatment at least until disease progression is
halted and, subsequently, continue with a period of
oral formulation to treat possible microfoci for a maxi-
mum of 6–12 months after complete remission [66].
Several authors have shown that early surgery substan-
tially improves the prognosis of these patients [78]. In
an experimental model of aspergillosis, Gavaldà et al.
recently demonstrated that the efficacy of intravenous
amphotericin treatment increases with the addition of
nebulized liposomal amphotericin [79].

5.4.1.2
Candidiasis

Candidiasis is the most common invasive fungal infec-
tion in solid organ transplantation excluding the lung.
The highest incidence is found in pancreas recipients
[60]. In general, it is a hospital-acquired infection, al-
though the source depends on the type of transplanted
organ. Whereas in liver transplant recipients the source
is endogenous (usually the intestine), in patients re-
ceiving a heart or lung transplant, it may be exogenous

(from the donor) [80]. Intra-abdominal infection is
most commonly observed in patients undergoing or-
gan transplantation in this cavity. The risk factors in-
clude excessively long surgery, retransplantation, con-
siderable transfusion support requirements, renal fail-
ure, and CMV infection [12]. However, the incidence of
invasive disease caused by Candida spp. has declined
with the advances in surgical technique and immuno-
suppressant drugs. In pancreas transplantation, Candi-
da infection manifests predominantly as surgical
wound infection or candidemia. In lung transplanta-
tion, the bronchial suture can be affected, resulting in
wound dehiscence and mediastinitis. The anastomosis
is particularly vulnerable because of the decreased
blood supply and presence of foreign material. The
population to be targeted for prophylaxis, the best drug
for this purpose, and the course of treatment are still
uncertain. In many hospitals, fluconazole is used as
prophylaxis for liver and pancreas recipients. Never-
theless, universal prophylaxis should be considered
with caution based on the potential appearance of
azole-resistant Candida spp. [81] and selection of in-
trinsically resistant fungi such as Aspergillus spp.
Hence, the use of prophylaxis mainly in high-risk pa-
tients may be the most advisable strategy.

With regard to the treatment, we assume that C. kru-
sei is intrinsically resistant to fluconazole and that C.
glabrata develops secondary resistance. However, re-
sistance rates may differ between countries and be in-
fluenced by whether or not the patient received azoles
previously. For this reason, an antifungigram of all iso-
lated fungi that produce invasive disease is recom-
mended. At present, we recommend liposomal ampho-
tericin B at a dose of 3 mg/kg/day rather than flucon-
azole because of its broader spectrum and its lower
pharmacological interactions with immunosuppres-
sors. If the risk of toxicity is very high, caspofungin can
be considered. In patients with catheter-related infec-
tion, catheter removal is advisable when C. parapsilosis
is isolated, an infective focus is found at the catheter in-
sertion point, there are criteria of sepsis, and in cases of
persistent candidemia or lack of clinical response by
72 h after initiating appropriate treatment [82]. With
respect to candiduria, most are cases of colonization
rather than infection, and therefore only symptomatic
candiduria should be treated. Removal of the catheter
should be done as early as possible. Washes with con-
ventional amphotericin B are not currently recom-
mended [83].

5.4.1.3
Pneumocystis jiroveci

Most P. jiroveci infections are considered reactivations
of an endogenous infection acquired in childhood.
However, it has been shown to be present in more than
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50% of the air samples collected from hospital rooms
where patients with P. jiroveci infection are staying
[84]. In the absence of prophylaxis, lung transplant re-
cipients are at greater risk for developing disease due to
this microorganism. The infection usually presents be-
tween the 3rd and 6th month after transplantation. Lat-
er cases occur in patients who receive more intense im-
munosuppression due to rejection [85].

Coexistence of this infection with CMV or bacterial
infection is not rare, particularly in lung transplant pa-
tients. However, prophylaxis with co-trimoxazole is
very effective and therefore recommended in all solid
organ transplants. The duration of prophylaxis is usu-
ally the first 6 months in heart, kidney and liver trans-
plantation. A minimum of 12 months would be recom-
mended in lung transplantation. These limits have
been established on the basis of the decreased risk of
the disease after the first 6 months post-transplanta-
tion. However, patients who receive greater immuno-
suppression because of late rejection should continue
or reinitiate co-trimoxazole prophylaxis [86]. Prophy-
laxis with this drug is also effective against Nocardia
spp., Listeria spp., Toxoplasma gondii and Legionella
spp. In addition, the adverse effects are minimal: skin
rash in 1% and leukopenia in 3%. In patients with sul-
famide allergy, nebulized pentamidine every month is
an alternative approach.

5.4.1.4
Cryptococcosis

An average of 2.8% and up to 5% of organ transplant
patients develop Cryptococcus neoformans infection. In
a study performed in Spain from September 2003 to
February 2005, there were no cases of cryptococcosis
during a follow-up of 2,615 solid organ recipients [60].
However, there are important geographical variations.
Cryptococcosis is a significant opportunistic infection
in the USA, with some centers reporting a rate of up to
5% in transplant recipients. Most cases occur 6 months
after transplantation. Overall mortality in transplant
recipients with cryptococcosis ranges from 20% to
42% and the rate approaches 50% in patients with cen-
tral nervous system infection [87].

Combination therapy with amphotericin B and flu-
cytosine has been shown to render CSF cultures nega-
tive within 2 weeks in 55–85% of patients with crypto-
coccal meningitis. These data, however, are derived
primarily from hosts other than organ transplant re-
cipients. The response of the infection to antifungal
therapy in organ transplantation has not been well
characterized. Approaches to the management of C. ne-
oformans infection in transplant patients have mainly
been extrapolated from studies in HIV patients. Treat-
ment practices vary widely, particularly with regard to
the duration of antifungal maintenance therapy for

cryptococcosis after organ transplantation. Generally,
life-long suppressive therapy is not used; however, the
optimal duration of therapy and the risk of relapse up-
on discontinuation of antifungal agents is still uncer-
tain [88]. Prophylaxis with fluconazole is not indicated,
due to the low incidence of the disease and its unpre-
dictable appearance throughout the post-transplant
period.

5.4.1.5
Zygomycosis

Infections caused by Zygomycetes are very rare: 0.3%
in liver transplantation, 0.4% in kidney and 0.8% in
lung. The incidence has increased in recent years be-
cause of the use of voriconazole antifungal prophylaxis
in some populations [68]. Lung involvement is evident
in only 25% of reported cases. Other infection sites are
the paranasal sinuses, brain, skin, and gastrointestinal
tract [89]. Up to 72% of cases are due to Rhizopus spp.
Other species include Cunninghamella spp., Mucor
spp., and Absidia corymbifera. This infection occurs in
the first 6 months after transplantation, usually coin-
ciding with an increase in immunosuppression to treat
rejection. It is also observed more often among patients
with diabetes mellitus. Lung presentation occurs in the
form of nodules or a cavitation without a fluid/air level.
In these cases, the treatment should consist of de-
creased immunosuppression, surgical resection and
administration of liposomal amphotericin B at a dose
of 10 mg/kg/day or, recently, posaconazole, with the pe-
culiarity of its exclusively oral administration route
[90].

5.4.1.6
Dematiaceous Fungi

Pigmented fungi are being increasingly recognized as
pathogens in patients receiving a solid organ transplant
[91]. This is because of improvements in microbiologi-
cal diagnostic techniques and a growing immunode-
pressed population at risk of acquiring an opportunis-
tic infection. Most of these infections occur in the late
post-transplantation period. Nevertheless, up to 21%
present within the first 3 months with disseminated
disease (predominantly cerebral abscesses). Cutaneous
involvement is frequent, with treatment consisting of
surgical resection and itraconazole at 400 mg/day for
no less than 6 months. The mortality is higher than
80% in cases of pulmonary or disseminated disease,
partly because of a high resistance to amphotericin B
and azoles [92].
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5.4.2
Bacterial Infections
5.4.2.1
Staphylococcus aureus

Methicillin-resistant S. aureus (MRSA) has become one
of the main bacterial etiologies in solid organ trans-
plant infections. Catheter infection is the main source
and up to 42% of bacteremia cases are due to this mi-
croorganism, but it can also cause surgical wound in-
fections, nosocomial pneumonia, intra-abdominal ab-
scesses, and endocarditis. These infections occur in the
early post-transplantation period, 53% within the first
30 days [93]. More than half the cases occur in the ICU.
The mortality of bacteremia due to MRSA depends on
the origin of the infection. It can be as high as 86% in
the case of pneumonia versus only 6% in catheter infec-
tion, regardless of the APACHE II score [93]. These data
underscore the pathogenicity and virulence of MRSA
in solid organ transplant patients. This infection signif-
icantly correlates to prior colonization [6]. Neverthe-
less, attempts to eradicate carrier status have not been
shown to be effective in decreasing the incidence of the
disease. Glycopeptides have been the treatment of
choice, but the development of linezolid has provided a
useful alternative [94].

5.4.2.2
Extended-Spectrum Beta-Lactamase-Producing
Enterobacteria

In general, enterobacteria produce intra-abdominal in-
fection, respiratory infection and bacteriemia in the
transplant population. Specifically, Klebsiella spp. is the
fourth cause of hospital-acquired pneumonia, mainly
in relation with mechanical ventilation [95]. Antibiotic
resistance mediated by beta-lactamase production
continues to increase [96]. In fact, an outbreak of ESBL-
producing E. coli in a transplant unit has been reported
[97]. The production of these enzymes confers resis-
tance to the cephalosporins and beta-lactamase inhibi-
tors and, additionally, through other mechanisms, to
quinolones and aminoglycosides. Some authors have
suggested restricting the use of third-generation ceph-
alosporins in these patients to prevent the development
of resistance [98]. Isolation of these cases reduces the
possibility of transmission between patients. Carbape-
nems are the treatment of choice for these infections
[96].

5.4.2.3
Enterococci

Vancomycin-resistant E. faecium in solid organ trans-
plantation seems to be an isolated problem in some
centers in the USA where an incidence of 10–16% has

been documented in liver transplant patients. The in-
fection is commonly intra-abdominal and occurs with-
in the first month after transplantation [99]. The risk
factors for the development of this infection in liver
transplant patients include carrier status, previous
treatment with vancomycin, biliary complications,
prolonged ICU hospitalization, repeat surgery, and pri-
mary graft dysfunction [100]. Mortality can be as high
as 50%. Antibiotic therapy should be based on the use
of quinupristin-dalfopristin or linezolid [101].

5.4.2.4
Legionellosis

The incidence of legionellosis in solid organ transplan-
tation is 2–9% [102], with the main source being de-
posits of contaminated water from cooling systems.
Outbreaks originating in humidifiers or ice-making
machines have also been described in this population
[103]. Pneumonia is the main clinical manifestation of
infection, although cases of pericarditis, cellulitis, and
peritonitis have been reported. Legionella is difficult to
culture; hence, the diagnosis currently relies on deter-
mination of the urinary antigen. In order to avoid the
interactions of macrolides with tacrolimus or cyclo-
sporine, the treatment of choice in solid organ recipi-
ents is levofloxacin.

5.4.3
Viral Infections
5.4.3.1
Cytomegalovirus

Cytomegalovirus infection occurs in the majority of
solid-organ transplant recipients, primarily in the first
3 months post-transplantation, when immunosuppres-
sion is most intense. CMV can be transmitted to trans-
plant recipients via infected donor organs or cellular
blood products, the former being the primary source of
CMV infection after solid-organ transplantation, then
denominated primary infection. Secondary infection
or reactivation infection develops when endogenous
latent virus is reactivated in a CMV-seropositive indi-
vidual following transplantation. Superinfection or re-
infection occurs when a seropositive recipient receives
latent, infected cells from a seropositive donor. In the
immunosuppressed solid-organ transplant recipient,
CMV has three major effects: (1) it causes infectious
diseases syndromes (see below); (2) it has been impli-
cated in causing increased immunosuppression, which
may explain the frequent association of CMV with oth-
er opportunistic infections, such as fungal and Pneu-
mocystis infections; and (3) it has been associated with
acute or chronic allograft rejection. However, the vari-
ables that hasten the progression of allograft injury
have not been fully defined. CMV infection, therefore,
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has a potential impact on both patient and graft out-
come [104].

Nonetheless, recent advances have led to decreases
in the associated morbidity and mortality of this com-
plication. CMV infection, defined as isolation of the vi-
rus or detection of CMV viral proteins or DNA/messen-
ger RNA in any body fluid or tissue, can progress to
CMV disease, either as a viral syndrome or organ dis-
ease (pneumonia, digestive disease, hepatitis, encepha-
litis, retinitis, nephritis, cystitis, myocarditis, or pan-
creatitis) [105]. Interestingly, CMV shows a predilec-
tion for transplanted organs in the case of focal disease.
The diagnosis of focal disease requires CMV detection
in the affected tissue with histopathologic methods
and/or culture, rather than by PCR, given the low posi-
tive predictive value of the latter [105].

The strategies to fight this infection are based on
prophylaxis and preemptive treatment, and, lastly,
treatment of the disease itself. Thus, transplant patients
should be monitored to detect CMV infection, either
through antigenemia assay or real-time PCR, depend-
ing on the criteria of the microbiology laboratory of
each center [106]. Monitoring is done in blood, al-
though there is no universally accepted threshold value
at which treatment is indicated. This will depend on the
patient’s risk status and the experience of each hospital.
Real time PCR has an advantage over antigenemia as-
say in patients with leukopenia of less than 1,000 ele-
ments/µl, in whom antigenemia may not be evaluable;
nevertheless, this situation is uncommon in solid organ
recipients. Monitoring should be done weekly while the
patient is hospitalized and adjusted to the follow-up
visits thereafter. Once treatment is started, weekly
monitoring is advisable. Increases in CMV in the
course of treatment may indicate resistance, but under-
dosing of ganciclovir should be excluded. Persistent
CMV replication may also indicate resistance depend-
ing on the viral load, which should be repeated within
a minimum of 10–15 days.

CMV infection develops in 30–80% of patients who
undergo a solid organ transplantation. The incidence
and presence of CMV disease varies according to the
type of transplantation, the associated risk factors, and
the preventive strategies used [107]. A recent study in
renal transplantation has shown changes in the risk
factors associated with CMV infection as a result of
continuing progress in the transplantation field. Thus,
in addition to the known risk factors (donor/recipient
CMV serological mismatch, presence of rejection epi-
sodes and use of antilymphocytic drugs) there are oth-
ers, such as simultaneous pancreas transplantation, use
of cyclosporine but not tacrolimus, donor age greater
than 60, and the development of viral diseases other
than CMV; in contrast, rapamycin use has a protective
effect [108]. Disease development is more frequent, and
usually more severe, in intestine, pancreas, and lung

transplantation than in liver, heart and kidney. Intesti-
nal transplants are most highly affected, since they con-
tain considerable lymphoid tissue.

The highest risk is between the 1st and 6th month,
with a maximum incidence between the 2nd and
3rd month. In primary infection, the recipient’s lack of
specific immunity allows considerable CMV replica-
tion that is usually associated with symptomatic infec-
tion, sometimes extremely severe, with an early onset
and greater tendency to recur, whereas in reactivation
the recipient’s humoral and cellular immunity decrease
the incidence and severity of the disease [109]. Trans-
plantation of a seropositive organ to a seronegative re-
cipient is the main risk factor for CMV disease and has
been observed in all types of transplantation. Adminis-
tration of antilymphocytic or antithymocytic globulins
or OKT3 monoclonal antibodies leads to the produc-
tion and secretion of cytokines that trigger the inflam-
matory cascade and strongly stimulate CMV replica-
tion. Other risk factors include high corticoid dose,
high CMV viral load, coinfection with other herpesvi-
ruses (particularly HHV-6), and the use of mycophe-
nolate mofetil at doses of 3 g or more for immunosup-
pressive therapy. Nonetheless, it is difficult to identify
the adverse gastrointestinal effects of this drug at this
dose [110].

CMV serological status should be determined in all
solid organ donors and recipients (latent infection) pri-
or to transplantation. In seronegative recipients of an
organ from a seronegative or unknown donor it is ad-
visable, but can be difficult, to assure that transfusion
support is CMV-seronegative or filtered to prevent
transmission. All seronegative recipients from a sero-
positive donor should receive prophylaxis followed by
monitoring with antigenemia or real-time PCR and pre-
emptive ganciclovir therapy if necessary. In this popula-
tion, our group applies prophylaxis with intravenous
ganciclovir at a dose of 5 mg/kg/12 h while patients are
hospitalized, and valganciclovir 900 mg every 24 h at
discharge and up to day 100 post-transplantation. After
this period the patient is monitored by antigenemia or
real-time PCR at each medical visit up to the 6th month.
If necessary, valganciclovir at 900 mg/12 h is given until
antigenemia tests are negative. Preemptive therapy with
intravenous ganciclovir or valganciclovir, depending on
whether or not the patients is hospitalized, is also rec-
ommended when antilymphocytic antibodies are used
for treating corticoid-resistant rejection or as induction
immunosuppression [111].

In patients with a risk of primary infection undergo-
ing lung, pancreas, or intestine transplants, the risk of
CMV disease is extremely high; hence universal pro-
phylaxis followed by monitoring and preemptive thera-
py is the best strategy regardless of the recipient/donor
CMV serological status. Our group prolongs ganciclo-
vir or valganciclovir exposure up to 100 days post-
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transplantation, since the first manifestation of infec-
tion in these patients can be severe (pneumonitis, en-
teritis), without prior warning by increased viral load.
We believe it is important to assure that the patient has
passed the immediate postoperative period before hav-
ing to confront possible CMV disease. Monitoring
should also be performed weekly, but in this case up to
the 6th month and every 2 weeks thereafter up to 1 year
after transplantation or until the risk of graft dysfunc-
tion, which would imply intense immunosuppression,
has passed. In the remaining seropositive patients, pre-
vention is based on anticipated treatment guided by
antigenemia or PCR testing. Recommended prophylax-
is is oral valganciclovir at 900 mg/24 h [112] or intrave-
nous ganciclovir at 6 mg/kg/day if the patient does not
tolerate oral intake, up to a maximum of 3 months and
always adjusted according to kidney function. The use
of anti-CMV hyperimmune gamma globulin as pro-
phylaxis is highly controversial [113]. It has been wide-
ly applied by different groups, although there are no de-
finitive studies demonstrating its efficacy. The treat-
ment of choice for CMV disease is ganciclovir at a dose
of 5 mg/kg/12 h. In the event of severe ganciclovir resis-
tance or leukopenia, the option would be foscarnet at
60 mg/kg/8 h [111]. Valganciclovir may be useful in
mild disease [114]. The duration of treatment is not
well established; hence the risk of recurrence.

5.4.3.2
Herpes Simplex Virus

Most solid organ recipients present early mucositis as a
consequence of reactivation of latent herpes simplex.
Visceral or disseminated infection is rare, but can have
a fulminant course without adequate antiviral treat-
ment. Onset occurs in the first month after transplanta-
tion. Mortality due to this complication can be higher
than 70%, depending on the series [115]. In lung trans-
plantation the presence of herpes simplex in the respi-
ratory tract can be associated with pneumonitis [116].
Doses similar to those applied in cases of encephalitis
should be used to treat the visceral infection.

5.4.3.3
Varicella-zoster Virus

Depending on the series, the geographical area, and
whether the infection occurs in adults or children, sero-
negativity to varicella-zoster virus varies from 5% to
70% [117]. These patients are susceptible to developing
primary infection by donor transmission. Visceral dis-
semination can be a cause of death when it leads to hep-
atitis, pneumonitis, pancreatitis, gastroenteritis or me-
ningoencephalitis. On occasions, pain precedes the on-
set of the cutaneous lesions, and this can delay the diag-
nosis and worsen the prognosis.

5.4.3.4
Human Herpesvirus 6 and 7

A growing body of evidence suggests that the most im-
portant effects of HHV-6 and HHV-7 reactivation on
the outcome of liver transplantation may be mediated
indirectly by their interactions with CMV. Documented
coinfection among these three herpesviruses in clinical
syndromes that were classically ascribed to be solely
caused by CMV has raised substantial interest in the
potential role of HHV-6 and HHV-7 as copathogens in
the direct and indirect illnesses caused by CMV [118].

Most infections by HHV-6 are reactivations of latent
virus; however, there are proven cases of donor trans-
mission. Onset occurs between the 2nd and 3rd month
after transplantation. Clinical symptoms vary from
myelosuppression to interstitial pneumonia or fever of
unknown origin. HHV-6 is a highly neurotropic virus;
hence the patient can present with encephalitis or sim-
ply with behavioral changes. Due to the prevalence of
this virus in the general population, PCR determina-
tion for the diagnosis of active infection is not fully es-
tablished. HHV-6 is sensitive to ganciclovir and foscar-
net and resistant to acyclovir.

5.4.3.5
Human Herpesvirus 8

Kaposi’s sarcoma is a tumor of multicentric origin,
composed of endothelium-lined vascular spaces and
spindle-shaped cells. The incidence of Kaposi’s sarco-
ma in transplant recipients is 400–500 times greater
than that in the general population, and is rising within
the transplant population, currently comprising more
than 5% of all de novo neoplasms in this group. The ex-
act pathogenesis is still unknown, but DNA sequences
from human herpesvirus 8 (HHV-8) are present in the
different clinical variants of Kaposi’s sarcoma. Risk fac-
tors associated with the development of these tumors
post-transplantation include the geographical origin of
the patient, HSV-8 infection before and after trans-
plantation, and the immunosuppressive regimen used,
but the importance of each factor remains to be deter-
mined [119].

5.4.3.6
Epstein-Barr Virus

Epstein-Barr virus infection in transplantation recipi-
ents may cause mild symptoms such as malaise, fever,
headache, and sore throat but may also be associated
with post-transplantation lymphoproliferative disease
(PTLD), which is a significant cause of morbidity and
mortality in transplant recipients [120]. The term
PTLD acknowledges the fact that these lesions are het-
erogeneous and may not meet the diagnostic criteria
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for lymphoma. In contrast with CMV, optimal preven-
tive and treatment strategies for EB virus-related PTLD
remain elusive and are not definitive. Recent experi-
mental and clinical data, however, demonstrate a
promising role for immunotherapy in preventing and
treating PTLD [121]. Moreover, it seems that ganciclo-
vir may have a role as preventive agent for the lympho-
proliferative disease.
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13. Muñoz P, Muñoz V, Fogueda M, Blanes M, Cuervas-Mons
V, Moreno A, et al. (2005) Infectious complications after
heart transplantation. Results of a prospective national
network in Spain (RESITRA). 45th Interscience Confer-
ence on Antimicrobial Agents and Chemotherapy, Wash-
ington, December 2005; Abstract K-1567, p 357

14. Kusne S, Furukawa H, Abu-Elmagd W, Irish W, Rakela J,

Fung J et al. (1996) Infectious complications after small
bowel transplantation in adults: an update. Transplant
Proc 28:2761–2762

15. Hudnall SD, Rady PL, Tyring SK, Fish JC (1999) Hydrocor-
tisone activation of human herpesvirus 8 viral DNA repli-
cation and gene expression in vitro. Transplantation
67:648–652

16. Ochiai TA, Nakajima K, Nagata M, Suzuki T, Asano T, Ue-
matsu T, et al. (1987) Effect of a new immunosuppressive
agent, FK506 on heterotopic cardiac allotransplantation in
the rat. Transplant Proc 19:1284–1286

17. The U.S. Multicenter FK506 Liver Study Group (1994) A
comparison of tacrolimus (FK506) and cyclosporine for
immunosuppression in liver transplantation. N Engl J Med
331:1110–1115

18. Paterson DL, Singh N, Panebianco A, Wannstedt CF, Wage-
ner MM, Gayowski T, et al. (1998) Infectious complications
occurring in liver transplant recipients receiving myco-
phenolate mofetil. Transplantation 66:593–598

19. Singh N (1997) Infections in solid organ transplant recipi-
ents. In: Wenzel RP (ed) Prevention and control of nosoco-
mial infections. Williams and Wilkins, Baltimore, MD,
p 1100

20. Roenhorst HW, Beelen JM, Middeldorp JM, Schirm J, Teg-
zess AM, The TH (1985) Maintenance of cytomegalovirus
(CMV) latency and host immune responses of long term
renal allograft survivors. II. Secondary CMV infections as-
sociated with impaired in vitro proliferative responses to
mitogens, allogeneic lymphocytes and CMV infected cells.
Clin Exp Immunol 61:72–79

21. Grattan MT, Moreno-Cabral CE, Starnes VA, Oyer PE, Stin-
son EB, Shumway NE (1989) Cytomegalovirus infection is
associated with cardiac allograft rejection and atheroscle-
rosis. JAMA 261:3561–3566

22. Reinke P, Fietze E, Ode-Hakim S, Prosch S, Lippert J, Ewert
R, et al. (1994) Late acute renal allograft rejection and symp-
tomless cytomegalovirus infection. Lancet 344:1737–1738

23. Razonable RR, Burak KW, van Cruijsen H, Brown RA,
Charlton MR, Smith TF, et al. (2002) The pathogenesis of
hepatitis C virus is influenced by cytomegalovirus. Clin
Infect Dis 35:974–981

24. de Otero J, Gavalda J, Murio E, Vargas V, Calico I, Llopart L,
et al. (1998) Cytomegalovirus disease as a risk factor for
graft loss and death after orthotopic liver transplantation.
Clin Infect Dis 26:865–870

25. Singh N, Carrigan DR (1996) Human herpesvirus-6 in
transplantation: an emerging pathogen. Ann Intern Med
124:1065–1071

26. Dockrell DH, Mendez JC, Jones M, Harmsen WS, Ilstrup
DM, Smith TF, et al. (1999) Human herpesvirus 6 seroneg-
ativity before transplantation predicts the occurrence of
fungal infection in liver transplant recipients. Transplanta-
tion 67:399–403

27. Dockrell DH, Prada J, Jones MF, Patel R, Badley AD, Harm-
sen WS, et al. (1997) Seroconversion to human herpesvirus
6 following liver transplantation is a marker of cytomega-
lovirus disease. J Infect Dis 176:1135–1140

28. Lee H, Locker J, Nalesnik M, Reyes J, Jaffe R, Alashari M, et
al. (1995) The association of Epstein-Barr virus with
smooth muscle tumors occurring after organ transplanta-
tion. N Engl J Med 332:19–25

29. Alkan S, Karcher DS, Ortiz A, Khalil S, Akhtar M, Ali MA
(1997) Human herpesvirus-8 Kaposi’s sarcoma-associated
herpesvirus in organ transplant patients with immuno-
suppression. Br J Haematol 96:412–414

30. Boshoff C, Weiss RA (1998) Kaposi’s sarcoma-associated
herpesvirus. Adv Cancer Res 75:57–86

31. Eason JD, Freeman RB, Rohrer RJ, Lewis WD, Jenkins R,

References 47



Dienstag J, et al. (1994) Should liver transplantation be
performed for patients with hepatitis B? Transplantation
57:1588–1593

32. Singh N, Gayowski T, Wagener MM, Marino IR (1996) In-
creased infections in liver transplant recipients with recur-
rent hepatitis C virus hepatitis. Transplantation 61:402–
406

33. Moreno A, Cervera C, Rovira M, Uriburu C, Almela M, De
la Camara R, et al. (2005) Bloodstream infection in trans-
plant patients in Spain. 45th Interscience Conference on
Antimicrobial Agents and Chemotherapy, Washington,
December 2005; Abstract K-1563, p 356

34. Wagener MM, Yu VL (1992) Bacteremia in transplant re-
cipients: a prospective study of demographics, etiologic
agents, risk factors, and outcomes. Am J Infect Control
20:239–247

35. Moreno A, Cervera C, Cofán F, Marco F, Linares L, Alorda
C, et al. (2005) Risk factors for the development of bacter-
emia in renal transplant recipients. 45th Interscience Con-
ference on Antimicrobial Agents and Chemotherapy,
Washington, December 2005; Abstract K-1564, p 356

36. Cervera C, Moreno A, Puig de la Bellacasa J, Cisteró P, Na-
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6HIV in the Intensive Care Unit
P. Castro, J.M. Nicolás, J.M. Gatell

6.1
Introduction

Human immunodeficiency virus (HIV) infection
(types 1 and 2) is an increasing problem worldwide.
The latest data, estimated by the Joint United Nations
Program on HIV/AIDS and the World Health Organi-
zation, have shown a rise in the number of cases, reach-
ing the highest level ever not only in developing coun-
tries but also in the industrialized world. In 2005 the to-
tal number of adults living with HIV, newly infected
and who died due to acquired immunodeficiency syn-
drome (AIDS) was 38.0 million (1.9 million, 4.2 million
and 2.6 million in North America, western and central
Europe, respectively) [1]. At some point in their lives,
some of these people will need critical care. Before the
use of highly active antiretroviral therapy (HAART)
regimens, most intensive care unit (ICU) admissions
were due to AIDS-related illnesses. However, changes
in epidemiology have increased AIDS-unrelated diag-
noses in the ICU, which is why the title of the chapter in
the first edition of this book (“AIDS in the Intensive
Care Unit”) has been changed to “HIV in the Intensive
Care Unit.” In order to provide optimal care, it is essen-
tial that intensivists be familiar with the different prob-
lems that may appear in an HIV patient requiring ICU
admission and they must know about the potential use
of antiretroviral therapy, its secondary effects, and po-
tential drug-drug interactions.

6.2
Epidemiology of HIV-Infected Patients
in the ICU
6.2.1
Historical Evolution

Since the diagnosis of the first cases of HIV infection in
1981, there have been great changes in the epidemiolo-
gy of these patients in the ICU. Changes in admission
and mortality rates, as well as in the diagnoses and the
characteristics of the patients, have been reported in
different studies, particularly after the introduction of
HAART [2].

At the beginning of the epidemic the highest rates of
mortality [up to 69%, mainly due to Pneumocystis jirove-
ci pneumonia (PCP)] and shorter long-term survival
(7 months) were observed [3]. Consequently ICU care
was often considered futile in AIDS patients and their ad-
mission to the ICU decreased. With the appearance of ad-
vances in HIV care such as the use of corticosteroids in
PCP, and the decrease in mortality rates, the rates of ICU

Fig. 6.1. Evolution of number of active patients (right axis), and
annual incidence of death and opportunistic infections in the
Hospital Clinic of Barcelona from 1984 to 2000 (left axis). Note
the progressive increase in the number of active patients and the
decrease in the annual incidences of death and opportunistic in-
fections with the introduction of the different advances in HIV
infection management
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admission increased, together with a proportional rise
in mortality [4, 5].

The main causes of ICU admission were, at that
time, opportunistic infections (OI) in very immuno-
compromised patients. Respiratory failure (in up to
90% of the patients) typically because of PCP [6] was
the most frequent complication with slight increases in
the rate of non-pulmonary diagnoses in the mid-1990s
such as sepsis, toxoplasma encephalitis, cardiomyopa-
thy and acute renal failure [7–12].

The use of HAART (defined in general as the use of
at least three antiretroviral drugs of at least two classes)
since 1996 has led to a decline in the morbidity and
mortality associated with HIV infection and a decrease
in the incidence of OI, independently of the use of anti-
microbial prophylaxis (Fig. 6.1) [13–16]. Accordingly,
the percentage of AIDS-related admissions to hospital
has decreased [16] and these changes have also influ-
enced the trends of ICU admission.

6.2.2
Admission Rates

In the HAART era the rate of hospitalized HIV-infected
patients admitted to the ICU varies from 4% to 12%
[16–19], with controversial data regarding the varia-
tions in this rate. While some series have found a de-
crease [20], others have described an increase [16, 19,
21]. This increase may have different explanations.
Firstly, a rise in the total number of HIV admissions to
hospital due to the increase in the number of HIV cases
has been reported (Fig. 6.1) [21]. Secondly, there is an
increasing proportion of late diagnoses of HIV infection
which often present as an AIDS-related life-threatening
event [22]. There has also been an increase in AIDS-un-
related causes of admission among patients on HAART,
due to the treatment itself or to the improvement in life
expectancy of these patients. Moreover, treating physi-
cians have greater confidence in the outcome of HIV-in-
fected patients due to better therapeutic options [21].
Finally HAART “availability” neither means the “uni-
versality” nor precludes the “efficacy” of HAART. There
are people who do not have access to treatment, and
people under treatment who do not have the correct
control of their infection. In some studies during the
HAART era, 60% of admitted patients without HAART
fulfilled criteria for receiving this treatment [21]. Varia-
tions in patient populations, differing ICU admission
standards and variable clinical practices limit the con-
clusions of comparing results across different studies.

6.2.3
Characteristics of Patients

The epidemic characteristics of HIV-infected patients
admitted to the ICU have also changed. Different stud-

ies have reported differences in the ethnic and risk fac-
tors of these patients after the introduction of HAART.
In American ICUs there has been an increase in the
number of intravenous drug users and African Ameri-
cans infected by HIV [20, 21], while in European ICUs
there has been an increase in foreigners from areas of
higher rates of HIV infection [19]. These increases,
however, reflect the changes in the epidemic in the
community, since these populations show greater in-
creases in new cases of HIV infection with a lower
probability of receiving HAART [1, 17, 23]. Patients are
also significantly more likely to be admitted from the
emergency (45%) than from the hospitalization ward
[19].

Finally, there is an increase in the proportion of “late
testers,” that is, patients newly diagnosed with HIV in-
fection in the ICU, often in the context of an AIDS-re-
lated event [19, 22].

6.2.4
Diagnoses

The spectrum of reasons why an HIV-infected patient
can be admitted to an ICU has widened since the intro-
duction of HAART and the lengthening in survival and
life expectancy. Diagnoses on admission nowadays
may or may not be related to very different aspects of
HIV infection (Table 6.1).

Table 6.1. Causes of ICU admission in HIV-infected patients

Related to HIV infection
Related to immunosuppression (AIDS related): opportunis-
tic infections (PCP, tuberculosis, etc.), malignancies (Kapo-
si’s sarcoma, non-Hodgkin lymphoma, etc.) (see Table 6.4)

Unknown HIV infection

Related to HIV treatment
Direct adverse events: lactic acidosis, hypersensitivity
reactions, toxic hepatitis
Long-term effects (due to increase in cardiovascular risk
factors): ischemic cardiopathy, stroke
Immune reconstitution inflammatory syndromes: tuber-
culosis, PCP, Cryptosporidium and Microsporidium, mul-
tifocal leukoencephalopathy
Drug-drug interactions

Related to HIV risk factors
Related to HBV and/or HCV liver disease: gastrointesti-
nal bleeding, hepatic encephalopathy
Related to illicit drug abuse: intoxication, endocarditis,
soft tissue infections

Unrelated to HIV infection
Traumatism, post-transplantationa

ICU intensive care unit, HIV human immunodeficiency virus,
AIDS acquired immunodeficiency syndrome, PCP Pneumocy-
stis jiroveci pneumonia, HBV hepatitis B virus, HCV hepatitis C
virus
a HIV patients are now included in transplantation lists due to

the improvement in their life prognosis
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Respiratory failure is still the most important cause of
ICU admission, although the percentage of pulmonary
diagnoses has declined to 30–40%, particularly due to a
decrease in the incidence of PCP down to 3–20%, de-
pending on the series [17–21, 24] (Table 6.2). As this is
an important cause of mortality even today (mortality
rates of 55% of PCP in the ICU have been reported in re-
cent studies [25]), its decrease is thought to be one of the
most notable causes of mortality decline.

On the other hand, severe bacterial infections lead-
ing to sepsis are increasing in frequency [11, 16, 24, 26],
being the most common site of infection in the lungs
[18, 24].

The biggest differences are found in the significant in-
crease of AIDS-unrelated events due to the introduction
of HAART [2, 21, 24], although some studies disagree
with this observation [19]. It is now common to diagnose
acute severe secondary effects of HAART such as lactic
acidosis or hypersensitivity reactions; long-term adverse
events that have also been related to HAART such as

Table 6.2. Reasons for ICU admission of HIV-infected patients in the HAART era

Study [reference]
Khouli [17] Casalino [24] Narasmihan [21] Vincent [19] Afessa [18] Morris [20]

Interval 1997–1999 1996–1999 2001 1998–2000 1995–1999 1996–1999
Number of patients 242 230 63 236 169 354
Use of HAART (%) 45 28 52 50.4 ne 25.1
CD4 count (median cells/mm3) 85 150.6a – – 45 64

<200 cells/mm3 (%) 56 70.7
Mortality (%)

In-ICU 30 20 25
In-hospital 39 29 29.6 29

Diagnosis category (%)
AIDS-related 60 37 33 49.5 37.7

Respiratory failure 30 31.7 22 38.5 40.7
PCP 14 10 3 19 14 10.7
Bacterial pneumonia 20 8.7
Asthma 3 4

Sepsis 13 22.6 16 15 11.9
Neurologic disease 18 23.9 10 16.6 12.4

Toxoplasma encephalitis 11 14
Hematologic 4
AIDS-related tumors 9.7

Kaposi’s sarcoma 2
AIDS-unrelated

GI/liver/pancreas disease 14 11 8.9 7.3
Cardiovascular disease 11 2.6 3 8.1 9.9
Drug overdose 5 11 6.5 1.1
Renal disease 5 13 3.5
Metabolic disease 5 1.7 1.7

Diabetes mellitus 0.8
ARV side effects 3

Lactic acidosis 0.8
Cytopenia 0.4
Renal failure 1.2
Toxicodermia 0.4

Postoperation 1.7 4.2
Trauma 1.1 3.7

ICU intensive care unit, HIV human immunodeficiency virus, HAART highly active antiretroviral therapy, AIDS acquired immu-
nodeficiency syndrome, PCP Pneumocystis jiroveci pneumonia, GI gastrointestinal, ARV antiretroviral
aShould be mean instead of median

acute myocardial infarction or stroke; comorbidities
related to HIV risk-factors such as cirrhosis complica-
tions (hepatic encephalopathy, gastrointestinal bleed-
ing), and overdoses in drug addicts, among others.

Finally, with the improvement in their prognosis, we
also see HIV-infected patients being admitted because
of HIV-unrelated pathologies, similar to HIV-unin-
fected patients, with traumatisms, community-ac-
quired infections, and complications during the post-
operative and even post-transplantation courses [27].

Table 6.2 shows the causes of admission referred to
in articles in which they have been analyzed after the
introduction of HAART.

6.2.5
Mortality Rates

Evidence of improved ICU survival of HIV patients in
the HAART era has been reported, with the published
rates of mortality ranging between 20% and 40%. The
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most important reason for a general decrease in mor-
tality with respect to the pre-HAART era compared to
historical series seems to be an increase in non-AIDS-
related diagnoses, which are associated with a better
survival. However, some recent studies did not find any
differences between mortality rates in the era just prior
to and after HAART. The differences may be attribut-
able to variations in ICU utilization for HIV-infected
patients, hospital characteristics, geographic location
and data interpretation.

6.2.6
Prognostic Factors

Different studies have identified several factors associ-
ated with poor outcome in HIV-infected patients in the
ICU. These factors do not seem to have changed over
the years and are the same as those in the pre-HAART
era, probably due to the fact that AIDS-related admis-
sions use to have worse prognosis and imply a real or
virtual absence of HAART.

Although numerous factors have been related to
higher mortality rates (age, prehospitalization func-
tional status, number of previous OI, HIV disease stage,
time since AIDS diagnosis, weight loss, etc.), the most
consistent mortality predictors on multivariate analy-
sis in recent studies have been the need for mechanical
ventilation [17, 20, 24], PCP, especially if requiring me-
chanical ventilation and, above all, if complicated with
pneumothorax (mortality near 100%) [20], low serum
albumin [7, 10, 17, 18, 26, 28, 29], HIV-related illness
[17, 20], APACHE II score >17 [26], and a high SAPS II
score [19, 24]. Other factors such as a poor preadmis-
sion functional status are more debatable [30]. Al-
though it has been found that a higher CD4 cell count
could be associated with a better prognosis in some
studies [19], others have not demonstrated this rela-
tionship or have only found a shorter long-term surviv-
al when this count is low [10, 18, 20, 21].

The use of HAART as a prognostic factor is also con-
troversial. Some studies have found survival to be sig-
nificantly improved in HAART patients but the associa-
tion is lost on multivariate analysis. One possible expla-
nation is that HAART may act by influencing other var-
iables that have a strong relationship have survival in
the model (for example HAART patients have a signifi-
cantly higher serum albumin level and CD4 cell count)
[20]. However, it is of note that one study found that the
mortality on admission with PCP under HAART was
lower than without HAART (25 vs. 63%), independent-
ly of its effect on CD4 cell count, HIV RNA level, overall
health status, and PCP disease severity [25]. In this
case, explanations for a possible survival benefit with
HAART may include decreased HIV viral fitness, an at-
tenuated rise in viral titers during PCP, anti-Pneumocy-
stis properties of protease inhibitors (PIs), or that pa-

tients on HAART differed from those without HAART.
In the latter case, people not receiving HAART report-
edly do not usually have prophylaxis for OI [17].

However, several recent studies did not find HAART
influenced mortality (either in-ICU or in-hospital), the
need for mechanical ventilation or the length of stay
[17, 21]. Different study designs (retrospective and
prospective, comparison of historical cohorts, etc.)
may explain, in part, this controversy but the main rea-
son seems to be the type of patient included. On one
hand, the proportion of patients under HAART in each
study is low and variable, always under the proportion
in the general infected population (25–50%) [17–21,
24]. On the other hand, the retrospective nature of most
of the studies makes it impossible to determine wheth-
er HAART was effective in a specific patient or if
HAART was really being performed before admission.
In fact, when viral load or CD4 cell count are analyzed
in these studies, no significant differences are found
between patients with or without HAART [17, 24]. One
study showed that of admitted patients under HAART,
35% had failed to respond [19]. As suggested by Masur,
“correct” comparisons should be made between pa-
tients who had achieved a sustained response to
HAART and those who had not [31]. Usually, when an
AIDS-related event is the cause of ICU admission, the
patient probably is not receiving HAART (due to un-
known HIV-infection, lack of access to health care or
voluntarily) or does not respond to the regimen (due to
resistance, lack of compliance or intolerance). In the
latter case, the evolution of the patient can be expected
to be similar to that of a subject without HAART.

In any case, the availability of HAART has been
clearly associated with an improvement in long-term
survival after ICU discharge. Three-month survival has
improved up to 94% from 85% among ICU survivors
[19, 20, 24]. This is probably because all survivors, up to
95% in some series, begin or restart HAART rapidly
during the first weeks following ICU discharge [19, 24].
Other factors associated with long-term survival are
AIDS at ICU admission [24].

Therefore, the short-term survival of HIV-infected
patients admitted to the ICU is primarily dependent on
acute illness severity, independently of previous use of
HAART if AIDS-related, while long-term survival is
closely dependent on HIV disease-related variables, in-
cluding the availability of HAART.
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6.3
HIV-Related Causes of ICU Admission
6.3.1
Admission Related to HIV Immunosuppression

Known as AIDS-related admissions (Tables 6.1, 6.3, 6.4)
[32], they were the most important cause of admission
to the ICU of HIV-infected patients until the HAART
era. Moreover, although they have decreased as a cause
of ICU admission, they continue to be present: among
others new diagnoses, lack of access to health care, and
treatment failures due to drug-resistant virus are all
causes of acquisition of OI in the HAART era. The acute
therapy recommended is shown in Table 6.5 [33].

Special attention should be given to the possibility of
OI developing resistance to current therapies, such as
sulphonamide-resistant PCP [34, 35] or ganciclovir-re-
sistant cytomegalovirus [36].

6.3.2
Unknown HIV Infection

A particular situation is when an HIV-infected patient
who does not know that he or she is infected is admitted
to the ICU. Since HIV infection is asymptomatic early
in its course when there is relatively normal immune
function, patients with unsuspected HIV infection may
develop both HIV-unrelated illness which may require
ICU admission and, later, events related to HIV infec-
tion. The ICU clinician should suspect an unknown un-
derlying HIV infection when an OI appears in a patient
with no apparent cause of immunosuppression, al-
though risk factors for HIV may not be evident. In fact,
it has been described that in the HAART era there is a
growing proportion of patients diagnosed on the ap-
pearance of an AIDS-related event [22].

A more uncommon, although possible, situation is
an acute HIV infection as a cause of ICU admission. An
estimated 40–90% of patients with acute HIV infection
experience symptoms of acute retroviral syndrome
[37]. Some of these, if severe, may need ICU care: me-
ningoencephalitis, Guillain-Barré syndrome, etc. [38].
Clinicians should consider the etiologic diagnosis of
patients who experience a compatible clinical syn-
drome and who report recent high risk behavior.

Table 6.3. Classification system for HIV-infected adolescents
( & 13 years) and adults

CD4+ T-lymphocyte categories Clinical categories
A B C (AIDS)

1 & 500/mm3 ( & 29%) A1 B1 C1
2 200–499/mm3 (14–28%) A2 B2 C2
3 <199/mm3 (<14%) (AIDS) A3 B3 C3

HIV human immunodeficiency virus, AIDS acquired immuno-
deficiency syndrome

Table 6.4. Clinical categories of HIV infection in adolescents
and adults

Category A: one or more of the conditions listed below:
Asymptomatic HIV infection
Persistent generalized lymphadenopathy
Acute (primary) HIV infection with accompanying illness

or history of acute HIV infection

Category B: one or more of the conditions listed below:
Bacillary angiomatosis
Oropharyngeal candidiasis (thrush)
Vulvovaginal candidiasis when it is persistent, frequent or

poorly responsive to therapy
Cervical dysplasia (moderate or severe)/cervical carcinoma

in situ
Constitutional symptoms, such as fever (38.5°C) or diar-

rhea lasting longer than 1 month
Oral hairy leukoplakia
Herpes zoster (shingles), involving at least two distinct

episodes or more than one dermatome
Idiopathic thrombocytopenic purpura
Listeriosis
Pelvic inflammatory disease, particularly if complicated by

tubo-ovarian abscess
Peripheral neuropathy
Other symptomatic conditions attributed to HIV infection

or indicative of a defect in cell-mediated immunity that
are not included in clinical category C

Category C: one or more of the conditions listed below:
Candidiasis of bronchi, trachea, or lungs
Candidiasis, esophageal
Cervical cancer, invasive
Coccidioidomycosis, disseminated or extrapulmonary
Cryptococcosis, extrapulmonary
Cryptosporidiosis, chronic intestinal (longer than 1 month’s

duration)
Cytomegalovirus disease (other than liver, spleen, or

nodes)
Cytomegalovirus retinitis (with loss of vision)
Encephalopathy, HIV-related
Herpes simplex: chronic ulcer(s) (greater than 1 months’

duration); or bronchitis, pneumonitis, or esophagitis
Histoplasmosis, disseminated or extrapulmonary
Isosporiasis, chronic intestinal (greater than 1 month’s

duration)
Kaposi’s sarcoma
Lymphoma, Burkitt’s (or equivalent term)
Lymphoma, immunoblastic (or equivalent term)
Lymphoma, primary, of brain
Mycobacterium avium complex or M. kansasii, disseminat-

ed or extrapulmonary
Mycobacterium tuberculosis, any site (pulmonary or

extrapulmonary)
Mycobacterium, other species or unidentified species,

disseminated or extrapulmonary
Pneumocystis jiroveci pneumonia
Pneumonia, recurrent
Progressive multifocal leukoencephalopathy
Salmonella septicemia, recurrent
Toxoplasmosis of brain
Wasting syndrome due to HIV

HIV human immunodeficiency virus
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Table 6.5. Acute therapy of severe AIDS-related opportunistic infections that may need ICU admissiona,b

Infection Treatment of choice Alternative therapyc Notes

Pneumocystis jiro-
veci pneumonia

Trimethoprim-sulfamethoxazole
(TMP/SMX): 15–20 mg/kg/day TMP
and 75–100 mg/kg/day SMX i.v. q6 h
or q8 h for 3 weeks

Pentamidine 3–4 mg/kg i.v. qd
for 3 weeks

If PaO2 <70 mmHg at room
air, addition of corticoste-
roids (prednisolone 40 mg/
12 h, e.g., 5 days, 40 mg/24 h
days 6–10 and 20 mg/24 h
days 11–21) is recommended

Toxoplasma gon-
dii encephalitis

Pyrimethamine 200 mg po ×1, then
50 mg (<60 kg) to 75 mg ( & 60 kg) po
qd and sulfadiazine 1,000 mg (<60 kg)
to 1,500 mg ( & 60 kg) po q6 h for at
least 6 weeks

Pyrimethamine 200 mg po ×1,
then 50 mg (<60 kg) to 75 mg
( & 60 kg) po qd and clindamycin
600 mg i.v. or po q6 h for at least
6 weeks

Folinic acid should be used
with pyrimethamine to mini-
mize hematologic toxicity
(10–20 mg po qd)

Cryptosporidiosis HAART

Microsporidiosis HAART Itraconazole 400 mg po qd (for
Trachipleistophora or Brachiola)

Enterocytozoon bieneusi: fumagillin
60 mg po qd
Others: albendazole 400 mg po bid

Mycobacterium
tuberculosis

Isoniazid (INH) 5 mg/kg (max:
300 mg) po qd and rifampin 10 mg/kg
(max: 600 mg) po qd or rifabutin
300 mg po qd and pyrazinamide
(PZA) 30 mg/kg po qd and ethambutol
(EMB) 15–25 mg/kg po qd for 8 weeks

When liver disease is present,
if moderate avoid PZA, if
severe avoid INH and PZA
Evaluate presence of drug-
resistant agents

Mycobacterium
avium complex

Clarithromycin 500 mg po bid and
ethambutol 15 mg/kg po qd and rifa-
butin 200 mg po qd

Azithromycin 600 mg po qd and
ethambutol 15 mg/kg po qd and
rifabutin 200 mg po qd

Bacterial
pneumoniad

Extended-spectrum cephalosporin
and a macrolide or quinolone

Adjustment by antibiogram
should be done

Salmonellosis Ciprofloxacin 400 mg i.v. bid at least
4–6 weekse

Third generation cephalosporin
(ceftriaxone or cefotaxime) i.v.

Campylobacter
jejuni

Ciprofloxacin 400 mg i.v. bid at least
2 weeks

Azithromycin 500 mg po qd at
least 2 weeks

Consider addition of an ami-
noglycoside in bacteremic
patients

Shigellosis Fluoroquinolone i.v. or po for 2 weeks Azithromycin 500 mg po on day
1, then 250 mg po qd for 2 weeks

TMP-SMX is an alternative in
the United States

Bartonella (hense-
lae and quintana)

CNS infections: doxycycline 100 mg
i.v. or po q12 h

Azithromycin 600 mg po qd or

Non-CNS infections: erythromycin
500 mg i.v. or po qd or doxycycline
100 mg i.v. or po q12 h

Clarithromycin 500 mg po bid

Candidiasis
(mucosal)

Oropharyngeal Fluconazole 100 mg po qd or itracona-
zole oral solution 200 mg po qd for
1–2 weeks

Clotrimazole 10 mg po 5 times/
day or nystatin suspension
4–6 ml qid or 1–2 flavored
tablets 4–5 times daily for
1–2 weeks

When fluconazole refractory,
amphotericin B may be used

Esophageal Fluconazole 100 mg (up to 400 mg) po
or i.v. qd or itraconazole oral solution
200 mg po qd for 2–3 weeks

Voriconazole 200 mg po or i.v.
bid for 2–3 weeks

When fluconazole refractory,
amphotericin B or caspofun-
gin may be used

Cryptococcus
neoformans

Amphotericin B (deoxycholate 0.7 mg/
kg or liposomal 4 mg/kg) i.v. qd and/
or flucytosine 25 mg/kg po qd for
2 weeks

Fluconazole 400–800 mg/day
(po or i.v.) and flucytosine
25 mg/kg po qd for 4–6 weeks

Consolidation therapy is nec-
essary with fluconazole
400 mg po qd for 8 weeks or
until CSF cultures are sterile
Repeated lumbar puncture
may be indicated as adjunc-
tive therapy when intracrani-
al pressure is >20 cmH2O
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Table 6.5. (Cont.)

Infection Treatment of choice Alternative therapyc Notes

Histoplasma
capsulatum

Amphotericin B (deoxycholate 0.7 mg/kg
or liposomal 4 mg/kg) i.v. qd for
3–10 days or until clinically improved in
disseminated forms and for 12–16 weeks
in meningitis

Itraconazole 400 mg i.v. qd
for disseminated forms

Chronic maintenance therapy
with itraconazole 200 mg po
qd is necessary

Coccidiodomycosis

Meningeal Fluconazole 400–800 mg i.v. or po qd Intrathecal amphotericin B

Non-meningeal Amphotericin B deoxycholate 0.5–1 mg/
kg i.v. qd until clinical improvement ±
fluconazole 400–800 mg i.v.

A total dose of 500–1,000 mg
is usually necessary

Invasive
aspergillosis

Voriconazole 400 mg i.v. or po q12 h for
2 days, then 200 mg q12 h

Amphotericin B (deoxycho-
late 1 mg/kg/day or lipid for-
mulation 5 mg/kg/day) i.v.

Duration of treatment based
on clinical response

Cytomegalovirus
(esophagitis, coli-
tis, pneumonitis
or neurological
disease)

Ganciclovir i.v. or foscarnet i.v. for
3–4 weeks or until signs and symptoms
have resolved

Valganciclovir po may be
used when there is good oral
absorption in esophagitis or
colitis

Preemptive treatment of pa-
tients with cytomegalovirus
viremia without evidence of
organ involvement is not rec-
ommended

Herpes simplex

Severe mucocu-
taneous infec-
tion

Acyclovir 5 mg/kg i.v. q8 h. After lesions
began to regress, change to po treatment
with famciclovir, valacyclovir or acyclo-
vir

Foscarnet 120–200 mg/kg i.v.
in 2–3 divided doses until
clinical response

Encephalitis Acyclovir 10 mg/kg i.v. q8 h for
2–3 weeks

Varicella zoster
virus

Primary infec-
tion (chicken-
pox)

Acyclovir 10 mg/kg i.v. q8 h for
7–10 days. After lesions begin to regress,
change to treatment po with famciclovir,
valacyclovir or acyclovir

Extensive cuta-
neous lesion
or visceral
involvement

Acyclovir 10 mg/kg i.v. q8 h until cutane-
ous and visceral disease is clearly re-
solved

Penicilliosis Amphotericin B 0.6 mg/kg i.v. for 2 weeks
followed by itraconazole po 400 mg/day
for 10 weeks

Leishmaniasis Pentavalent antimony 20 mg/kg i.v. or
i.m. qd for 3–4 weeks

Amphotericin B (deoxycho-
late 0.5–1.0 mg/kg i.v. qd for
total dose of 1.5–2 g or lipid
formulation 2–5 mg/kg i.v.
qd for 10 days)

Severely neutropenic patients
may need granulocyte mac-
rophage colony stimulating
factor

Paracoccidioido-
mycosis

Amphotericin B Itraconazole 100–200 mg
po qd

Isospora belli TMP/SMX (160/800) po or i.v. qd for
10 days

Pyrimethamine 50–75 mg
po qd

Folinic acid should be used
with pyrimethamine to mini-
mize hematologic toxicity
(10–20 mg po qd)

AIDS acquired immunodeficiency syndrome, ICU intensive care unit, i.v. intravenous, q “n” h every “n” hour, qd daily, po oral,
HAART highly active antiretroviral therapy, bid twice a day, CNS central nervous system, CSF cerebrospinal fluid, i.m. intramuscular
a Only opportunistic infections that are usually the cause of ICU admission and their severe forms are shown. Treatment of mild-

to-moderate cases is not discussed here
b Some opportunistic infections require chronic maintenance therapy or secondary prophylaxis after the acute phase until im-

munosuppression is resolved
c The second option of treatment is depicted. More alternatives may be possible
d Empiric therapy
e If CD4 T cell count <200/mm3 and/or bacteremia
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6.3.3
Admissions Related to HIV Treatment
6.3.3.1
Direct Adverse Events

HIV-infected patients sometimes receive a large
amount of medicines, many associated with substan-
tial adverse effects. In addition to the classical syn-
dromes such as the Steven-Johnsons syndrome associ-
ated with sulphonamides, the increased use of antiret-
roviral agents has introduced new risks and potential
critical illness, some of which may be relevant to the

Table 6.6. Potentially life-threatening events related to antiretroviral therapy that may require ICU admission

Ad-
verse
Event

Related
drug

Symptoms Frequency Risk Factors Management Notes

Acute
toxic
hepati-
tis

NVP Abrupt onset of flu-like
symptoms (nausea, vomi-
ting, myalgia, fatigue), ab-
dominal pain, jaundice, fe-
ver
Skin rash (50%)
May progress to fulminant
hepatic failure

1–5% Higher CD4 T cell
count at initiation.
Female gender
Elevated ALT or
AST at baseline
Previous liver dis-
ease (HBV, HCV,
alcoholic).
HIV negative
(postexposure
prophylaxis)

Support thera-
py
Discontinue
ART
Discontinue all
other
hepatotoxic
agents

Greatest risk within
first weeks of therapy
(since 18 weeks)
Other causes of hepa-
titis should be ruled
out
Hepatic injury may
progress despite treat-
ment discontinuation
Do not rechallenge
patient with offending
agent

Lactic
acido-
sis

NRTIs
(d4T,
ddI,
ZDV)

Insidious onset months after
treatment with non-specific
gastrointestinal prodrome
(nausea, anorexia, abdomi-
nal pain), weight loss and
fatigue.
Multiorgan failure (respira-
tory, hepatic, ...) progres-
sively appears
Increased lactate ( 8 5
mmol), metabolic acidosis
with increased anion gap,
elevated serum transami-
nases

1–25 cases/
1000
patients/year
Mortality up
to
50–70%, es-
pecially if se-
rum lactate
8 10 mmol

Combination of
ddI + d4T, HU or
ribavirin.
Long duration of
NRTI use
Female gender
Obesity
Pregnancy
Impaired creati-
nine clearance
Nadir CD4 cell
count
‹ 250 cells/mm3

Support thera-
py
Fluid hydration
Discontinue
ART
Thiamine, ribo-
flavin and
l-carnitine have
been assayed

It may be accompa-
nied by hepatic stea-
tosis, pancreatitis or
myopathy (mitochon-
drial toxicities)
Asymptomatic hyper-
lactatemia
Technique for obtain-
ing lactate must be
correct
Do not rechallenge
patient with offending
agent

Pan-
creati-
tis

ddI
( „ d4T,
HU,
RBV or
TDF)

Weeks to months after initi-
ating treatment, post-pran-
dial abdominal pain, nau-
sea, vomiting and increased
serum amylase and lipase

ddI 1–7%
ddI+HU,
RBV, d4T or
TDF increase
frequency

History of pancre-
atitis
Alcoholism
Hypertriglyceri-
demia
Concomitant use
of ddI with d4T,
HU, RBV or TDF

Support thera-
py
Discontinue
ART

May appear in the
context of lactic aci-
dosis

Acute
neuro-
pathy

d4T Rapidly progressive ascend-
ing demyelinating polyneu-
ropathy (Guillain-Barré like)
with motor weakness
months after initiation of
ART
Respiratory paralysis may
develop
Creatine phosphokinase can
be markedly increased

Rare Prolonged d4T
use
Pregnancy?

Support thera-
py
Discontinue
ART
Plasmapheresis,
corticosteroid,
immunoglobu-
lin, carnitine,
acetycarnitine
have been assa-
yed

May appear in the
context of lactic aci-
dosis
Recovery can take
months and some
symptoms may be ir-
reversible
Do not rechallenge
patient with offending
agent

ICU clinician. Table 6.6 depicts some of the most
common serious and potentially life-threatening ad-
verse events related to the different antiretroviral ther-
apy.

Although the clinical spectrum is wide, adverse
events usually present with cutaneous and systemic
symptoms and biochemical abnormalities such as an
elevation in transaminases and, in some cases, they
may be confused with other clinical problems that
should be ruled out. Adverse events are usually associ-
ated with some risk factors and management usually
includes support therapy and discontinuation of
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Table 6.6. (Cont.)

Adverse
Event

Related
drug

Symptoms Frequency Risk Factors Management Notes

Stevens-
Johnson
Syn-
drome

NNRTI.
Also
APV,
f-APV,
ABC,
ZDV, ddI,
IDV,
LPV/r,
ATV

First few days to weeks af-
ter initiation of therapy
skin eruption appears also
involving the mucosa,
which may evolve to blis-
ters and necrosis
Usually presents with fever,
tachycardia, malaise, myal-
gia and arthralgia

NVP:
0.3–1%.
EFV and
DLV:
0.1%.
Excepcio-
nal for
other
drugs

NVP
Female gender
Ethnical pre-
disposition
(Black, Asian,
Hispanic)
Use of cortico-
steroids

Support therapy
Discontinue ART
Discontinue other
possible agents
Local wound care
Empiric broad-spec-
trum antimicrobial
therapy if superin-
fection is suspected
Corticosteroid and
intravenous immu-
noglobulin have
been assayed

Do not rechallenge
patient with offending
agent

Hyper-
sensiti-
vity re-
action

ABC Acute onset of high fever,
diffuse skin rash, malaise,
nausea, headache, myalgia,
chills, diarrhea, vomiting,
abdominal pain, dyspnea,
arthralgia and respiratory
symptoms
If continues hypotension,
respiratory distress due to
acute interstitial pneumo-
nitis and vascular collapse
may appear
Rechallenge reactions are
generally worse and mimic
anaphylaxis

2–9% HLA-B*5701
HLA-DR7
HLA-DQ3
Being naı̈ve

Support therapy
Discontinue ART

First reaction usually
initiates by 10th day of
treatment (90% with-
in 6 weeks)
Rechallenge reactions
begin within hours
Other causes must be
ruled out (viral infec-
tions...)
Usually resolves in
48 hours.
Do not rechallenge
patient with offending
agent

ART antiretroviral therapy, ICU intensive care unit, NVP nevirapine, ALT alanine transferase, AST aspartate transferase, HBV
hepatitis B virus, HCV hepatitis C virus, NRTI nucleoside/nucleotide reverse transcriptase inhibitors, NNRTI non-nucleoside re-
verse transcriptase inhibitor, PI protease inhibitor, APV amprenavir, f-APV fosamprenavir, ABC abacavir, ZDV zidovudine, ddI
didanosine, IDV indinavir, LPV/r lopinavir/ritonavir, ATV atazanavir, 3TC lamivudine, FCT emtricitabine, d4T stavudine, TDF
tenofovir, HU hydroxyurea, RBV ribavirin

HAART. Afterwards, it is recommended not to rechal-
lenge the patient with the offending agent [39–48].

Table 6.7 presents other adverse events associated
with HAART that, although not so severe, intensivists
should be aware of.

6.3.3.2
Long-Term Effects

Patients receiving HAART, especially PIs, are subject to
metabolic complications, including lipid abnormalities
(hypertriglyceridemia, hypercholesterolemia) and glu-
cose abnormalities (glucose intolerance, insulin resis-
tance and type 2 diabetes mellitus). The combination of
increasing age, due to a decrease in mortality, the car-
diovascular risk apparently associated with HIV infec-
tion itself and these metabolic disturbances may influ-
ence the development of atherosclerosis syndromes
such as coronary and cerebrovascular disease, some of
which may require ICU admission [49–54]. Nonethe-
less, HAART was introduced for HIV-infected patients
a relatively short time ago and the results of studies still
remain controversial.

6.3.3.3
Immune Reconstitution Inflammatory Syndrome

In a small proportion of HIV-infected patients a para-
doxical clinical deterioration may develop shortly after
the initiation of HAART, usually associated with fever,
due to restoration of the capacity to raise an inflamma-
tory immune response against both infectious and
non-infectious antigens. This phenomenon is known
as the immune reconstitution inflammatory syndrome
(IRIS). Four criteria have been postulated to establish
the diagnosis: (1) diagnosis of AIDS; (2) treatment with
HAART leads to an increase in CD4 T count and a de-
crease in HIV-1 viral load (although sometimes IRIS
appears before the changes can be demonstrated); (3)
appearance of symptoms consistent with an infectious/
inflammatory condition while on HAART; and (4) the
symptoms cannot be explained by a newly acquired in-
fection, by the expected clinical course of previously
recognized infectious agents or by therapeutic side ef-
fects. IRIS has been described for a wide variety of
pathogens and situations: Mycobacterium avium com-
plex, M. tuberculosis, Bartonella henselae, Cryptococcus
neoformans (meningitis and lymphadenitis), Pneumo-
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Table 6.7. Adverse events of antiretroviral drugs and need for dose adjustment in case of renal or hepatic insufficiency

Class/agent Toxicity Adjust-
ment in RI

Adjustment
in HI

NRTI Lactic acidosis with hepatic steatosis
Abacavir (ABC) Hypersensitivity reaction No No
Didanosine (ddI) Pancreatitis, peripheral neuropathy, nausea, diarrhea Yes No
Emtricitabine (FTC) Minimal toxicity Yes No
Lamivudine (3TC) Minimal toxicity Yes No
Stavudine (d4T) Peripheral neuropathy, lipodystrophy, rapidly progressive ascending

neuromuscular weakness, pancreatitis, hyperlipidemia
Yes No

Tenofovir (TDF) Asthenia, headache, diarrhea, nausea, vomiting, flatulence, renal insuf-
ficiency and acute tubular necrosis

Yes No

Zalcitabine (ddC) Peripheral neuropathy, stomatitis, pancreatitis Yes No
Zidovudine (AZT) Myelosuppression (macrocytic anemia or neutropenia), GI intolerance,

headache, insomnia, asthenia
Yes No

Trizivir (AZT+3TC+ABC) Same as its components separately Yes No
Truvada (TDF+FTC) Same as its components separately Yes No

NNRTI Rash, increased transaminase levels
Delavirdine (DLV) Headache No Use with

caution
Efavirenz (EFV) Central nervous system symptoms (dizziness, somnolence, insomnia,

abnormal dreams, hallucinations, amnesia, agitation, confusion)
No Use with

caution
Nevirapine (NVP) Stevens-Johnson syndrome, acute toxic hepatitis No Avoid use if

severe HI

PI Hyperlipidemia, hyperglycemia, fat maldistribution and possible
increased bleeding episodes in patients with hemophilia

Amprenavir (APV) GI intolerance, rash, transaminase elevation, oral paresthesias No Yes
Atazanavir (ATV) Indirect hyperbilirubinemia, prolonged PR interval No Yes
Fosamprenavir (f-APV) Skin rash, GI intolerance, headache, transaminase elevation No Yes
Indinavir Nephrolithiasis, GI intolerance, indirect hyperbilirubinemia, dizziness,

rash, thrombocytopenia, hemolytic anemia
No Yes

Lopinavir+ritonavir
(LPV/r)

GI intolerance, asthenia, elevated serum transaminases No Use with
caution

Nelfinavir (NFV) GI intolerance (diarrhea), elevated serum transaminases No Use with
caution

Ritonavir (RTV) GI intolerance, paresthesias (circumoral and extremities), elevated
serum transaminases

No Use with
caution

Saquinavir (SQV) GI intolerance, headache, elevated serum transaminases No Use with
caution

Tipranavir (TPV) Hepatotoxicity, rash No Use with
caution

Fusion inhibitors
Enfuvirtide (T20) Local injection site reactions (injectable), hypersensitivity reaction No No

RI renal insufficiency, HI hepatic impairment, NRTI nucleoside reverse transcriptase inhibitors, NNRTI non-nucleoside reverse
transcriptase inhibitors, PI protease inhibitors, GI gastrointestinal

cystis jirovecii, toxoplasmosis, cytomegalovirus, her-
pesvirus, varicella-zoster virus, hepatitis C and B virus,
progressive multifocal leukoencephalopathy (JC virus),
and Kaposi sarcoma, among others. Most of these
agents have been proven to be present before starting
HAART, but in some cases IRIS appears against mi-
crobes that have not been previously clinically recog-
nized. This syndrome usually appears from 10 to
180 days after the initiation of HAART, but some cases
have been reported to occur several months later [55,
56].

IRIS is important in the ICU for two reasons: in
some cases the inflammatory response is so high as to
be life-threatening and requires ICU admission. This is
the case, especially, of respiratory failure related to par-

adoxical worsening of PCP, or intracranial hyperten-
sion after C. neoformans meningitis [57]. On the other
hand, distinguishing IRIS from OI treatment failure, a
superimposed infection or drug toxicity is challenging
to the intensivist.

Anti-inflammatory agents, usually corticosteroids
or non-steroidal drugs in the case of a mild reaction,
have been the suggested treatment for IRIS [55]. How-
ever, the most important thing is the recognition of this
syndrome, allowing continuation of HAART and treat-
ment of OI, thereby avoiding unnecessary changes or
addition of treatments if superinfections or therapeutic
failure have been ruled out.
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Table 6.8. Common interac-
tions between antiretroviral
drugs and intensive care unit
medications

Agent Antiretrovirala Interaction

Antiarrhythmics
Amiodarone IDV, RTV, TPV Increased cardiac effects
Flecainide, propafenone,

quinidine
LPV/r, RTV, TPV Increased cardiac effects

Diltiazem ATV, f-APV Increased cardiac effects

Anticonvulsants: carbamazepine,
phenobarbital, phenytoin

PIs, NNRTI Potential increase in anticon-
vulsant effect, potential de-
crease in ARV effect

Antifungal: voriconazole,
ketoconazole

NNRTI, PIs Potential increase in ARV effect,
potential decrease in antifungal
effect

Anti-mycobacterial
Rifampin PIs, NNRTI Decreased ARV levels
Clarithromycin NNRTI, PIs Increased clarithromycin levels

Ergotamine PIs Increased ergotamine effect

Gastrointestinal drugs
Cisapride PIs, EFV, DLV Increased cisapride levels
Proton pump inhibitors ATV, DLV Decreased ARV levels
H2-receptor antagonists ATV, f-APV Decreased ARV levels

Methadone NNRTI, APV,
f-APV, RTV, LPV/r,
NFV, SQV, ddI

Opiate withdrawal

Metronidazole APV, LPV/r, RTV Disulfiram-like reaction

Psychotropic: midazolam/
triazolam

PIs, DLV, EFV Increased sedative effects

Sildenafil PIs, DLV Increased sildenafil effect

Warfarin DLV, EFV Increased anticoagulant effect

PIs protease inhibitors,
NNRTI non-nucleoside re-
verse transcriptase inhibi-
tors, IDV indinavir, RTV ri-
tonavir, TPV tipranavir,
LPV/r lopinavir/ritonavir,
ATV atazanavir, f-APV fo-
samprenavir, EFV efavirenz,
DLV delavirdine, NFV nelfi-
navir, SQV saquinavir, ddI
didanosine
a These are the most com-
mon antiretrovirals that in-
teract with each drug. How-
ever, other antiretrovirals
and other drugs present
multiple interactions. Infor-
mation about drug-drug in-
teractions is available on the
following websites, among
others: www.hiv-druginter-
actions.org, www.depts.
washington.edu/hivaids/
drug, www.actis.org, www.
medscape.com/druginfo/
druginterchecker/, www.in-
teraccioneshiv.com (website
in Spanish)

6.3.3.4
Interactions

Any patient receiving HAART may develop drug inter-
actions (Table 6.8). Although it is unusual for one of
these to lead a patient to ICU admission, these interac-
tions should be taken into account to avoid iatrogenic
damage [2, 58–60].

6.4
HIV-Unrelated Causes of ICU Admission

With life expectancy increasing among HIV-infected
individuals, other usual pathologies requiring ICU
support may lead to hospitalization. Causes of ICU ad-
mission unrelated to HIV infection are similar to those
among non-HIV-infected individuals of similar age
and demographics, and their management, response
to treatment and prognosis are similar to those in indi-
viduals without HIV infection who have the same ill-
ness.

6.5
HAART in the ICU

Since the introduction of HAART has demonstrated
such benefits, the question has now been raised as to
what role antiretroviral therapy should have in the ICU.
Intensivists may find three possible scenarios: patients
without HAART presenting an OI and, therefore, crite-
ria to initiate this therapy; patients on HAART who
must discontinue this therapy; and finally patients on
HAART who may continue treatment. Nowadays much
of what is done is based on physicians’ experience rath-
er than data from controlled studies [61]. Consultation
with a specialist in the management of HIV patients
and a pharmacist is of great help.

6.5.1
Initiating HAART in the ICU

When a naı̈ve HIV patient (a patient who has never re-
ceived antiretroviral therapy) presents an OI, etiologic
treatment should be started (Table 6.5). Some authors
also advise the initiation of HAART at this time since
the improvement in immune function would potential-
ly contribute to a faster resolution of OI and thus re-
duce the risk for a second OI. This benefit has been best
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demonstrated in OI for which limited or no effective
therapies are available: cryptosporidiosis, microspori-
diosis, progressive multifocal leukoencephalopathy
and Kaposi sarcoma. In these cases, the early benefits
of potent HAART outweigh the risks, and should there-
fore be started as soon as possible [33, 62–64].

However, initiation of HAART concurrent with the
diagnosis of an OI has some potential problems, which
may be magnified in the ICU setting. Firstly, the num-
ber of antiretrovirals available in an intravenous or liq-
uid presentation is limited, restricting potential receiv-
ers. Moreover, experience with administration by naso-
gastric tube or in patients with erratic gastrointestinal
absorption is scarce, and patients may be exposed to
subtherapeutic drug levels, leading to potential selec-
tion of resistance mutations. Using more drugs may
add potential toxicity (Table 6.7), make it difficult to
distinguish the etiology of an adverse event when it ap-
pears, and expose the patient to a large number of drug
interactions between OI therapies and antiretroviral
therapy (Table 6.8). Furthermore, in the acute situation
it may be difficult to predict patient compliance there-
after. Finally, there is the risk of the appearance of IRIS.

In any case, no randomized controlled trials have
demonstrated that initiating HAART will improve the
outcome of patients treated with specific therapy for
acute OI, and whether initiating HAART in critically ill
patients with HIV infection improves mortality. None-
theless, neither has it been demonstrated that the initi-
ation of antiretroviral therapy in the setting of an acute
OI worsens the prognosis or treatment of that OI.
Therefore, the question about whether to initiate
HAART in the ICU remains unanswered.

6.5.2
Discontinuing HAART in the ICU

When a patient on HAART is admitted to the ICU, in-
terruption of treatment may become necessary when
the situation precludes oral therapy or when the cause
of admission is related to HIV therapy. Changing
HAART for alternative regimes is more difficult than
initiating HAART in a naı̈ve patient, because of over-
lapping toxicities, previous drug resistance, or difficul-
ty in administering the most suitable drug [61]. When
HAART is discontinued, all components should be dis-
continued simultaneously, since mono- or bitherapy
may favor the development of resistance. If possible,
exceptions should be made with some antiretrovirals.
On one hand, non-nucleoside reverse transcriptase in-
hibitors (NNRTI) (efavirenz or nevirapine) have a long
half-life with detectable plasma levels up to 21 days or
more after discontinuation. If they are discontinued si-
multaneously with the other drugs of a regimen, “func-
tional monotherapy” is performed thereby, increasing
the risk of selection of resistance mutations [65]. That

is why some experts recommend stopping the NNRTI
first before the other antiretroviral drugs, although the
optimal interval is not known [39]. On the other hand,
patients with hepatitis B coinfection who are receiving
emtricitabine, lamivudine or tenofovir, which have an-
tihepatitis B activity, may develop an exacerbation of
hepatitis when these drugs are stopped [66].

6.5.3
Maintaining HAART in the ICU

Sometimes an HIV patient under HAART can be ad-
mitted to the ICU for a reason that permits treatment
continuation. In that case, maintaining treatment may
have some problems: difficulty in administering the
drug, poor drug absorption leading to development of
resistance, and, especially, multiple drug interactions
between antiretroviral drugs and other normally used
drugs in the ICU (Table 6.8). Moreover, treatment will
have to be adjusted to renal and hepatic function if nec-
essary when they are altered, especially NRTI in renal
impairment (Table 6.7). However, there are also bene-
fits: the risk of mutations is reduced when treatment is
incorrectly discontinued and a decrease in the CD4 T
cell count is avoided with a rise in viral load, which
could be deleterious and induce even an acute retrovi-
ral syndrome [67, 68]. Thus, in practical terms, HAART
should be continued whenever possible [61].

6.6
Conclusion

HAART has led to a substantial reduction in the mor-
tality and morbidity due to HIV infection. The main
consequence of this change is a wider variety of reasons
leading to ICU admission, with an increase of AIDS-
unrelated admissions. However, intensivists will need
to continue treating AIDS-related events in patients
“without” HAART (never initiated or with therapeutic
failure) but must also be familiar with the influence of
HAART in HIV management, being able to recognize
side effects, potential drug-drug interactions and how
to start or to stop this therapy if necessary. Therefore
HIV-infected patients will be an even greater challenge
to clinicians in the ICU.
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7Fungal Infections
R.A. Barnes, J. Sinha

7.1
Introduction

Fungal infections are a significant problem and repre-
sent a major cause of morbidity and mortality in a vari-
ety of patients. Improvements in supportive care and
widespread use of antimicrobial agents have resulted in
an expanding population of at-risk patients. This trend
not only concerns severely compromised hosts such as
transplant recipients, neutropenic and HIV-positive
patients, but also non-compromised patients on surgi-
cal and medical intensive care units, burns and neona-
tal units with specific risk factors for infection.

Many studies have identified an increase in the inci-
dence of fungal infection over the last decade with a
major impact on outcomes in critically ill patients. The
National Nosocomial Infections Surveillance (NNIS)
programme has provided nationwide information
from the USA for the past two decades [1]. Data from
1980–1990 show that nosocomial infections increased
from 2.0 to 3.8 infections per 1,000 patients discharged
during that period and that critical care patients were
at highest risk. The studies also demonstrate differ-
ences between community-acquired endemic fungi
such as Histoplasma capsulatum and Blastomyces der-
matidis which are restricted to specific geographical lo-
cations and nosocomial infections with Candida and
Aspergillus spp. that prevail in large health-care facili-
ties and largely account for the increasing problem [2].
Population-based surveillance has identified a cumula-
tive incidence of invasive mycotic infection of 178.3 per
million per year, with Candida accounting for 72.8 per
million per year of this [3]. Whilst human immunodefi-
ciency virus infection was an important contributing
factor in this population (being an underlying factor in
47%) other studies have confirmed the extent of the
problem [4].

Surveillance of fungal infection in Europe is less
comprehensive but nosocomial infection in the ICU ap-
pears similar to NNIS data [5, 6]. The EPIC study com-
prised a single day point prevalence study of over 1,400
intensive care units (ICUs) in western Europe. Fungal
isolates were reported from 17% of patients of whom
half were receiving antifungal treatment [7]. Yeasts

were reported as the major causative organism [8].
Many of these may have represented colonisation rath-
er than infection, highlighting problems in diagnosis,
but there is no doubt that fungi have emerged as signifi-
cant nosocomial pathogens in critically ill patients.
Population-based surveillance reported substantial in-
creases in invasive candidosis over this period, from 6.8
to 13.7 per million population in England and Wales
[9].

7.2
Candida Infections

Yeasts account for 11% of all bloodstream infections in
the ICU [1] and 8–15% of nosocomial septicaemias in
the USA [10]. Rates from Europe suggest that candidae-
mia rose from 4.7 cases per 1,000 patient days to 7.4
cases between 1987 and 1990 [11]. An incidence of 1
candidaemia per 500 admissions has been documented
in medical and surgical ICUs [12] and Candida ac-
counted for 8% of blood culture isolates from a tertiary
neonatal ICU [13]. Intensive care treatment is an inde-
pendent risk factor for fungaemia even when other risk
factors are taken into account. Candidaemia has a sub-
stantial impact on mortality and although some im-
provements in survival have been achieved attributable
mortality remains high [5, 14]. This is higher than oth-
er nosocomial bloodstream infections. In one large
study, candidaemia was the only bloodstream patho-
gen that independently influenced outcome of nosoco-
mial infection in ICU patients [15].

Much has been made of the marked “pathogen shift”
with a significant decrease in the proportion of C. albi-
cans infections (falling from around 90% to 30–50% of
all yeast blood culture isolates) over the last 5–10 years
coinciding with the emergence of non-albicans species
such as C. tropicalis, C. parapsilosis, C. glabrata and C.
krusei [16]. The widespread use of azoles has been im-
plicated [17–19]. Interestingly, this pathogen shift has
not been noted within ICUs [5] and appears to be con-
fined to haematology and transplant patients in whom
azole prophylaxis use is high. Ongoing surveillance is
required to monitor trends. There is a generally accept-
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ed hierarchy of pathogenicity of Candida species with
C. albicans at the top of the league and C. glabrata
bringing up the rear. Nonetheless, even less virulent
forms of candidosis can have significant implications
for morbidity in critically ill patients and may be more
refractory to treatment.

7.2.1
Risk Factors for Candidosis

Candida are ubiquitous yeasts that colonise our skin
and mucosal surfaces. C. albicans is part of the endoge-
nous flora of the oropharynx and gastrointestinal tract
of normal healthy individuals and may colonise skin
surfaces in small numbers. Other Candida spp. may
colonise hospitalised patients and the hands of health-
care workers allowing horizontal spread and the poten-
tial for hospital-acquired infection.

Many studies have identified risk factors for invasive
disease but since these factors are common to most
critical care patients they lack discrimination and are
of limited usefulness in identifying high-risk patients.
Use of central venous catheters, colonisation, broad-
spectrum antibiotics and haemodialysis are indepen-
dent risk factors for disseminated infection [20] but are
common to many hospitalised patients. Better under-
standing of risk factors for individual groups and
knowledge of which risk factors are predictors of mor-
tality [21] will enable more rational use of preventative
measures. Obviously degree and duration of neutrope-
nia is a significant factor in classically immunocompro-
mised patients [22] whilst operative time, retransplan-
tation, reoperation and cytomegalovirus infection are
relevant to liver and solid organ transplant recipients
[23]. In neonates, low birth weight is the major factor
whilst on medical and surgical ICUs length of stay, se-
verity of illness, peritonitis and pancreatitis [24, 25]
may be more useful predictors of invasive Candida in-
fection than other commonly cited risk factors.

In all risk groups, Candida colonisation is an inde-
pendent risk factor for infection and precedes invasive
disease in most cases. However, more than 50% of ICU
patients will become colonised during hospitalisation
and distinguishing infection from colonisation may be
difficult. Risk of infection increases with the number of
sites colonised and is dependent on the colonising spe-
cies. One study demonstrated that 15% of patients co-
lonised with C. albicans at one site developed fungae-
mia rising to 17% when two or more sites were coloni-
sed, and patients colonised with C. tropicalis at one site
had a 58% risk of subsequent fungaemia rising to 100%
when two or more sites were colonised with this species
[26]. Further studies in surgical ICU patients have con-
firmed this trend [27] and advocate the use of a candi-
dal colonisation index to assess the degree of colonisa-
tion. A ratio of & 0.5 (representing the number of dis-

tinct sites colonised with the same strain over the num-
ber of sites tested) has been shown to have a positive
predictive value of 66% for determining infection, and
sensitivity can be further increased if quantitative cul-
ture is applied [28].

Many risk factors involve altered host defences that
allow fungal overgrowth, whilst others provide a portal
of entry through translocation across mucosal surfaces
or direct invasion via intravenous lines or wounds.

Raised gastric pH due to sedation, antacids, H2 an-
tagonists and exocrine abnormalities may lead to Can-
dida overgrowth in the bowel. Widespread use of
broad-spectrum antibiotic agents compounds this. Se-
verity of illness, splanchnic ischaemia, impaired gut
mobility or ileus will contribute to translocation of
yeasts through the bowel mucosa. Total parenteral nu-
trition is a risk factor over and above the presence of
the central line and intravenous lipids promote fungal
growth.

7.2.2
Immune Response to Candida

Candida contain immunodominant mannoproteins on
their cell walls capable of binding to CD14 and stimu-
lating a proinflammatory T-helper (Th1) cytokine re-
sponse such that acute fungaemia may present as pro-
found sepsis. Conversely, exposure to fungal manno-
proteins may result in a downregulatory response asso-
ciated with anti-inflammatory (Th2) cytokines and
persistent fungal infection. This chronic form is more
likely to be associated with other causes of monocyte
deactivation following immunosuppression, trauma/
surgery, immaturity, head-injury or sepsis (“second-hit
phenomena”). The application of this Th1/Th2 para-
digm to human infection is far from clear [29, 30] but
patterns of T cell cytokine production may predict
which patients are at risk of infection following immu-
nocompromise or trauma. Critically ill patients fre-
quently display signs of immuneparesis [31]. Mecha-
nisms of this are poorly understood but probably in-
volve dysregulated monocyte function and a switch
from Th1 proinflammatory pathways to the Th2 anti-
inflammatory pathways that may facilitate fungal infec-
tion and persistence in these patient groups. The theo-
ry that virulent fungi may modulate and thereby evade
host immunity through the inability of the host to
mount a proinflammatory T cell cytokine response is
substantiated by animal models [32, 33] and anecdotal
evidence in humans [34]. Lymphocytes from neonates
show a marked reduction in their capacity to inhibit
growth of C. albicans [35].

Humoral responses are important in determining
recovery from fungal infection and a variety of anti-
bodies to Candida have been identified [36, 37] but ap-
pear to be of little value in identifying at-risk patients in
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the ICU. Antibody responses to immunodominant
highly conserved heat-shock proteins [38] or cell wall
protein determinants [39] may be more relevant in pro-
tecting the host from infection.

7.2.3
Clinical Presentation

Candidal infection in critically ill patients presents
non-specifically. Fever, moderate leucocytosis and fe-
ver that fail to respond to broad spectrum antimicrobi-
al agents may be the only clinical signs and some of
these may be absent in immunocompromised individu-
als or those undergoing haemfiltration. Fever is present
in up to 80% of individuals and leucocytosis occurs in
only 50% [40]. Acute phase proteins responses are ele-
vated. A rising C-reactive protein (CRP) level in the ab-
sence of any other identified cause should alert the cli-
nician to the possibility of yeast infection [41, 42].

Candidaemia is defined as the isolation of any Can-
dida species from at least one blood culture specimen
[20] and is commonly line-associated. The concept of
benign candidaemia (i.e. fungaemia that requires line-
removal only and forgoes the need for systemic anti-
fungal treatment) is flawed [43]. It is well recognised
that even transient candidaemia requires both line re-
moval and a course of antifungal treatment if metastat-
ic complications and excessive mortality are to be
avoided. This applies regardless of the species involved
as “non-pathogenic” species of Candida cannot be
identified accurately in critically ill hosts.

Acute dissemination can occur to multiple organs
with the formation of microabscesses. Skin and muscle
may be involved with the development of a characteris-
tic erythematous papular rash [44]. Dissemination to
other non-contiguous organs may be more difficult to
identify [45]. Retinal lesions and ophthalmitis are rela-
tively rare occurring in only 9–15% of ICU patients
[46, 47], and routine examination for ophthalmitis has
little clinical benefit [48]. Skin lesions and septic arthri-
tis are similarly infrequently reported. The reticuloen-
dothelial system is the commonest site for dissemina-
tion but microabscesses within the liver and spleen are
often only be detected at autopsy. Intra-abdominal can-
didosis occurs following leakage of commensal gut
yeasts into the peritoneal cavity following gastrointes-
tinal perforation or abdominal surgery. Frequently this
is a transient phenomenon that is rapidly cleared pro-
vided effective surgical repair is achieved. A continued
abdominal focus due to recurrent perforation or anas-
tomotic breakdown may lead to invasive disease and
disseminate into the bloodstream [49].

Renal candidosis may be difficult to distinguish
from colonisation of the urinary tract in catheterised
patients. Candiduria is a frequent finding in catheteri-
sed patients and is consistent with colonisation. Fungu-

ria in patients with urological pathology or which per-
sists despite changes of urinary catheters is strongly
predictive of infection [50, 51]. Similarly funguria in
neonates requires further investigation and should
prompt suprapubic urine aspiration and surveillance
cultures for other sites of colonisation. Persistent isola-
tion requires investigation by renal ultrasound for de-
tection of echogenic renal fungal balls or abscesses
[52].

Other organ involvement is also difficult to identify
clinically. Candidal pneumonia is a rare condition as-
sociated with a high mortality rate. The condition may
arise following haematogenous dissemination and pre-
sents as miliary lesions throughout the lung fields, or
may occur as a primary condition following aspiration
of oropharyngeal contents, presenting as a patchy, hae-
morrhagic bronchopneumonia [53]. Isolation from
bronchoscopic specimens has poor predictive value
due to the high rates of colonisation in mechanically
ventilated patients and should not be used as the sole
criterion to initiate treatment [54]. Diagnosis depends
on histological demonstration of fungus within the tis-
sues [55].

7.2.4
Diagnosis

The non-specific clinical features of invasive candidal
infections mean that demonstration of fungi in clinical
specimens must be combined with good clinical acu-
men. Serology has a relatively small role to play but mo-
lecular techniques are under increasing scrutiny.

Historically, blood cultures are insensitive markers
of candidaemia [56] but recent changes in automated
culture systems utilising large volume, lytic methods
have greatly improved detection rates and largely obvi-
ated the need for specialised systems such as semi-
quantitative lysis centrifugation cultures [57].

A wide variety of antigens are known to circulate in
candidosis but most attention has focused on the detec-
tion of circulating cell wall mannan [58], although eval-
uation in critically ill patients is limited. Beta-(1,3)-D-
glucan, a characteristic fungal cell wall constituent, can
be rapidly detected in invasive fungal infection using a
modification of the chromogenic limulus lysate test
[59, 60]. False positive and negative results occur for all
these immunoassays such that a single result cannot be
interpreted in isolation. Careful evaluation of all these
tests is required in parallel to assess the diagnostic clin-
ical utility in different patient groups [61].

Molecular techniques have opened the way for rapid
and sensitive diagnosis of a variety of opportunist
pathogens but progress with the detection of fungal
DNA by the polymerase chain reaction (PCR) has been
hampered by problems with extracting fungal DNA
from human samples and with contamination of speci-
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mens [62]. A variety of Candida genes have been iden-
tified as targets for amplification [63–65] and a “uni-
versal” fungal primer to amplify highly conserved mul-
ticopy ribosomal DNA can be used to detect a wide
range of fungal pathogens [66]. Studies related to ICU
patients are limited but do suggest potential for rapid
diagnosis of yeast infection and identification to spe-
cies level [67, 68]. Larger studies to compare various
methods and confirm the usefulness of this approach
in the rapid diagnosis of infection in critically ill pa-
tients are needed [69].

7.2.5
Treatment

Several phases of treatment have been proposed [70]
representing a continuum of therapy of increasing in-
tensity. Prophylaxis is reserved for severely immuno-
compromised patients such as liver transplant patients
and those with prolonged neutropenia. Randomised
studies have suggested that azoles are superior to topi-
cal agents in the prevention of superficial and systemic
infections and fluconazole is most frequently used in
this situation. Several studies have shown a decrease in
superficial and systemic candidosis with the use of flu-
conazole prophylaxis patients with haematological ma-
lignancy [71] and high-risk liver transplant patients
[72]. Whilst systematic review may seem to suggest that
all ICU patients benefit from antifungal prophylaxis
[73] most studies concentrate on selected subgroups of
critically ill patients with multiple risk factors for infec-
tion [74]. Concerns that overuse of azole agents will
contribute to the pathogen shift and emergence of re-
sistance should be balanced against evidence of benefit
in selected groups. Critically ill patients may have sev-
eral risk factors for Candida infection but the incidence
of infection remains low and widespread chemopro-
phylaxis is not justified [75], although high risk patient
groups can be identified who may benefit from prophy-
laxis or pre-emptive therapy [76]. Currently, flucon-
azole prophylaxis should be considered for ICU pa-
tients who have necrotizing pancreatitis [77–83], re-
current abdominal perforation/anastomotic break-
down [84, 85], or oesophageal rupture [86].

Pre-emptive therapy represents the most logical ap-
proach to treatment of fungal infection in the ICU. It in-
volves identifying patients likely to have fungal infec-
tion through evaluation of risk factors and surveillance
of colonising flora. Typical patients for consideration of
pre-emptive therapy are as follows:

) Criteria for pre-emptive therapy:
– Persistent pyrexia and leucocytosis and grossly

elevated CRP
– Persistent funguria or repeated isolation from

abdominal drain specimens

– Patients colonised with C. tropicalis
– Patients colonised with other yeast species at

two or more non-contiguous sites

Empirical therapy is associated with the management
of neutropenic fever but may occasionally be used in
other ICU patients considered to be at extreme risk but
in whom there is no direct evidence of fungal infection.

Definitive therapy is reserved for patients with con-
clusive evidence of invasive disease in the form of fun-
gaemia, histological evidence of invasion or isolation
from another sterile site. All patients with candidaemia
and evidence of deep fungal infection should be treated
with a systemic antifungal agent at an appropriate dose
[87].

Traditionally the treatment options for invasive can-
didal infections were limited to fluconazole or ampho-
tericin B deoxycholate. Recently, newer delivery meth-
ods for polyenes, new triazole derivatives and new clas-
ses of drugs such as the echinocandins have broadened
the choices.

Amphotericin deoxycholate has excellent fungicidal
activity but use is limited by toxicity, which is frequent-
ly severe, and results in increased mortality [88]. Newer
formulations such as lipid-associated and liposomal
polyenes can reduce adverse events but not eliminate
them completely. Even liposomal amphotericin, which
has the best side-effect profile of all available polyenes,
is associated with some nephrotoxicity which can
translate into greater length of hospitalisation [89].
Other strategies such as continuous infusions [90] or
heat treated amphotericin may abrogate side effects but
clinical data are limited [91].

A large number of new antifungal agents some utili-
sing novel targets or new preparations of existing drugs
have appeared in recent years. The practical choice of
which antifugal agent to use in adult critical care pa-
tients lies between lipid amphotericin B preparations,
fluconazole, voriconazole or caspofungin [92].

The triazoles block ergosterol synthesis by inhibit-
ing cytochrome P450 enzymes. Itraconazole and vor-
iconazole have a broader spectrum of activity and are
active against Candida and Aspergillus spp. and other
filamentous and dimorphic fungi. Until recently the
lack of an intravenous preparation limited the useful-
ness of itraconazole in critically ill patients. Experience
of use in the ICU setting remains limited. Fluconazole
has been widely used and randomised controlled trials
support its use in the treatment of yeast infections in
ICU patients showing equivalent efficacy and a superi-
or safety profile compared to amphotericin B [47, 93,
94]. It can be used safely in neonates [95] where the
pharmacokinetics after oral administration parallel
those after intravenous dosing [96]. The spectrum of
activity of fluconazole is more limited and whilst active
against most C. albicans strains, some non-albicans
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species (C. krusei) are intrinsically resistant and some
(C. glabrata) rapidly acquire resistance. Yet other spe-
cies such as C. tropicalis show variable dose-dependent
susceptibility patterns. Resistance may develop due to a
number of mechanisms, notably mutations in the cyto-
chrome P450 enzymes (which confer cross-resistance
to other azole drugs) or the presence of an efflux pump
mechanism (which may be selective for fluconazole or
cause loss of susceptibility to other azoles). Resistant C.
albicans strains are reported only after prolonged
courses of treatment and are rare in non-HIV infected
patients. Resistance in non-albicans strains is rarely
seen in azole naı̈ve populations and fluconazole re-
mains a very useful drug for the treatment of candidal
infection in critically ill patients who have not received
prophylaxis with azoles [5]. Failure of fluconazole ther-
apy is usually due to inadequate dosage or duration of
therapy [97]. Dosages of 400 mg/day (6 mg/kg/day in
neonates) are recommended in the UK but higher dos-
ages may be needed in hypercatabolic patients particu-
larly those receiving continuous renal replacement
therapy which will remove the drug effectively [98, 99].
Dosages of 800 mg/day can be used safely [92, 100] and
haemofiltration [98] or continuous peritoneal dialysis
[101] are not necessarily an indication for dose reduc-
tion. Nevertheless, debate continues on whether flu-
conazole should be used as a first-line agent in empiri-
cal treatment of documented yeast infections before
speciation and susceptibility is available [42]. Vorico-
nazole and posaconazole are the two latest triazole
compounds in clinical use. Voriconazole has a broad
spectrum of activity against both moulds and yeasts in-
cluding fluconazole resistant C .krusei. However, for
most other candidal infections, susceptibility mirrors
fluconazole [102] and there is little real advantage in
ICU patients in whom azole resistance is known to be
low. It is available in both intravenous and orl forms,
has excellent bioavailability and a relatively low inci-
dence of side effects although drug interactions may
limit use in the ICU. It is licensed for primary treatment
for invasive aspergillosis where improved survival and
tolerability have been demonstrated when compared to
conventional amphotericin B. Posaconazole has a simi-
lar spectrum of activity but is available in an oral for-
mulation only and shows promise for both prophylaxis
and treatment. The role of these new triazoles in the
ICU is unclear [103]. Voriconazole has been compared
to conventional amphotericin B [104] and shown to be
less toxic but offers little advantage over fluconazole at
the present time. Even in the event of a massive increase
in non-albicans infections and the emergence of resis-
tant strains in the ICU setting, it is unlikely that another
triazole would be chosen unless the mechanisms of re-
sistance had been determined.

Echinocandins represent a new class of antifungal
drug, which block fungal cell wall synthesis by non-

competitive inhibition of the enzyme beta-(1,3)-D-glu-
can synthase, a target unique to the fungal cell. They
have good activity against Candida and Aspergillus
spp., but Cryptococcus neoformans are resistant. Activi-
ty against the ‘cyst’ but not ‘trophozoite’ form of Pneu-
mocystis jiroveci has also been reported but clinical ac-
tivity is doubtful. Caspofungin is a semisynthetic lipo-
peptide that has been licensed for the treatment of in-
vasive Candida infections and is preferable to conven-
tional amphotericin B in the treatment of candidaemia
[105]. Activity against candidal biofilms [106] has been
demonstrated. It is also an alternative to amphotericin
as an empirical antifungal choice [107]. Caspofungin
can also be used against invasive aspergillosis in pa-
tients refractory or intolerant to other therapies. It is
not extensively metabolised within the body and is ex-
creted by hydrolysis and chemical degradation. The
drug is rapidly active, has a good safety profile and the
prospect of interaction with other drugs and emerging
resistance is low. It is only available in intravenous form
and given 50 mg once daily, after an initial dose of
70 mg. Dose reduction is not necessary in elderly pa-
tients or in cases of moderate renal impairment or pa-
tients receiving renal support but caution is advised in
patients with severe hepatic dysfunction. Anidulafun-
gin and micafungin are also echinocandins with a simi-
lar spectrum of activity to caspofungin [108].

Amphotericin B has fungicidal activity against most
moulds and yeasts and resistance is rare. Increased
morbidity and mortality associated with amphotericin
B toxicity means that conventional amphotericin B is
rarely indicated in critically ill patients now that viable
alternatives are available [109].

Up to 90% of patients experience immediate infu-
sion-related adverse events, which include headache,
fever, chills, muscle and joint pains, gastrointestinal
symptoms and hypotension. More serious side effects
are related to nephrotoxicity, with reported rates rang-
ing from 15% to 90%. Nephrotoxicity is manifested by
a reduction in glomerular filtration rate, increasing
creatinine levels and renal tubular acidosis resulting in
severe electrolyte loss and a rising creatinine. Dosages
of 1 mg/kg/day are generally used for empirical treat-
ment but 0.7 mg/kg/day is usually adequate for most
yeast infections (although C. lusitaniae may acquire re-
sistance). The entrapment of amphotericin B within a
lipid carrier formulation has been shown to reduce
early reactions and nephrotoxicity. A variety of lipo-
somes and lipid complexes have been developed to car-
ry the insoluble amphotericin B within a biodegradable
vesicle or lipid bilayer. Liposomes are vesicles consist-
ing of an aqueous environment surrounded by a sphere
of phospholipid bilayers. Changing characteristics
such as size, electrical charge, permeability and lipid
composition can alter the biological and pharmacolog-
ical properties of the liposomes. Three commercial
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preparations are available: amphotericin B lipid com-
plex (Abelcet), or ABLC, consists of amphotericin com-
plexed with lipid bilayers in a ‘ribbon-like’ structure.
Amphotericin colloidal dispersion (Amphocil), or
ABCD, consists of a lipid complex in a disc-like struc-
ture. Finally, liposomal amphotericin (AmBisome), or
L-AmB, is the only formulation that contains true lipo-
somal structures [110]. The pharmacokinetics of the
different licensed preparations depend on the size,
charge, stability and clearance lipid complex/liposome.
The increased selectivity of the lipid preparations for
fungal ergosterol is thought to account for the de-
creased toxicity associated with these products but effi-
cacy is not necessarily increased. The improved thera-
peutic index that has been reported comes from the
ability to administer much higher dosages of the drug
and through uptake by macrophages and concentra-
tion at sites of infection [111]. Following intravenous
administration, uptake of the lipid-complexed formu-
lations of amphotericin B appears to be primarily by
the reticuloendothelial system, although plasma lipo-
proteins may also have a role to play. Hence, lipid for-
mulations achieve higher tissue concentrations in the
spleen, liver and lungs and relatively lower levels in the
kidney, heart and brain. The three lipid formulations
appear to have different incidences of side effects. L-
AmB appears to have the lowest incidence of early reac-
tions (reported at c. 5–20%), despite having the fastest
infusion rate of all three preparations. ABLC and ABCD
appear to have a roughly equivalent incidence of early
reactions as conventional amphotericin B. All three lip-
id formulations have a lower rate of nephrotoxicity
[89], although all products may be associated with a
risk of anaphylaxis. Allergic reactions may be more
common with L-AmB infusions (reported rate c. 2%),
including rash, flushing, bronchospasm, rigors and
back pain. Dose-to-dose equivalence has not been
demonstrated and dosage recommendations should be
followed for each type of preparation.

Other antifungal drugs may have a role in infections
in critical care patients: The pyrimidine analogue flu-
cytosine has a limited spectrum of activity confined
mainly to yeast species and resistance can develop rap-
idly. The drug is myelosuppressive but may be useful in
combination with other antifungal agents in the treat-
ment of cryptococcal meningitis, candidal peritonitis
and endocarditis [112].

Terbinafine is an allylamine compound widely used
for the treatment of superficial dermatophyte infections.
However, in vitro susceptibility data suggests it may
have a broader spectrum of activity and could be of use
in the treatment of candidosis and other systemic myco-
ses. Synergy with azole and amphotericin has been dem-
onstrated but clinical benefit is anecdotal [113, 114].

Chemotherapy alone is likely to be unsuccessful if
other measures to control a focus of infection are not

taken. Removal of potentially infected intravascular
catheters should be advised [5, 87] and surgical proce-
dures such as repair of abdominal leakage may be nec-
essary. Other adjunctive therapies have advocated the
use of biological response modifiers such as cytokines,
antibodies and growth factors to modulate the immune
system in cases of fungal infection [115, 116]. The im-
portance of a proinflammatory response in the elimi-
nation of opportunist fungal infection has already been
discussed. Targeting essential heat-shock proteins in
fungal cells and walls is a recent approach [117]. Clini-
cal data are limited but it is likely these modalities and
antifungal agents may act synergically [118–120]. In-
creasing understanding of innate immune recognition
of fungal pathogens may lead to new methods of modi-
fying host responses to improve outcome [121].

With the recent increase of available antifungal ther-
apeutic agents, rational protocols for antifungal usage
on ICUs need to be developed and implemented [76]
(Fig. 7.1).

7.2.6
Prevention

Preventative strategies should target both exogenous
and endogenous sources of infection.

It is recognised that horizontal transmission of
yeasts can occur from patient to patient and via the
hands of health care workers representing a potent
source of infection. Up to 75% of nursing staff carry
Candida on their hands with C. parapsilosis the most
frequent species isolated [122]. This species has been
implicated in outbreaks particularly on neonatal units.
Hand hygiene and attention to aseptic technique can
reduce transmission of yeasts [123].

Genomic analysis of strains shows that patients may
become colonised with multiple strains simultaneously
and several different modes of transmission may be in-
volved. DNA typing methods comparing patient
strains generally reveal patient-unique strains al-
though instances of cross-infection may be demon-
strated occasionally [124]. Reduction of endogenous
fungal carriage may also reduce the colonisation load
and prevent infection via the skin, gut and mucous
membranes. Selective decontamination of the digestive
tract including non-absorbable antifungal agents such
as nystatin and amphotericin has been suggested [125]
and is advocated in many liver transplant [126] and
neonatal units [127].

Attention to infection control combined with ratio-
nal use of antibacterial agents should be central to any
preventative strategy. Intravenous longlines provide an
important portal of entry for exogenous infection and
often serve as a focus of infection through seeding of
the line and biofilm formation. Adherence to aseptic
techniques and protocols for line insertion and mainte-
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(Adapted from Sinha J, Barnes RA [76]

Fig. 7.1. Protocol for rational use of antifungal agents in the ICU
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nance are important. Similarly, urinary catheters fre-
quently become colonized and should be changed if
yeasts are present in the urine. Persistent funguria re-
quires investigation and screening of the renal tract to
detect fungal balls.

Broad spectrum antibiotic therapy will result in fun-
gal overgrowth [128] and close liaison with the Micro-
biology/Infectious Disease Service can reduce inappro-
priate use and improve targeted narrow spectrum ther-
apy when appropriate.

7.3
Other Fungal Infections
7.3.1
Aspergillosis

Aspergillosis in non-neutropenic ICU patients is un-
common; a rate of 1.3% has been reported from the
NNIS study and this includes immunocompromised
patients [1]. Aspergillus species are ubiquitous envi-
ronmental fungi and disease follows exposure to air-
borne fungal spores. Building work and hospital reno-
vation can generate large quantities of dust that con-
taminate patient care areas and this has been associat-
ed with outbreaks of invasive disease [129]. Air sam-
pling is an insensitive way of detecting this: it is often
carried out only after clusters of cases appear; this is
generally many weeks after the contamination has oc-
curred and a source is rarely documented. Awareness
of the problem is crucial and high-risk patients should
be nursed away from areas where the potential for dust
contamination exists. Outbreaks associated with build-
ing construction and renovation can affect ICUs [130],
and contamination of air filters [132] and false ceiling
spaces [132] have given rise to clusters of cases amongst
ventilated patients and liver transplant patients [133].
Amongst solid organ transplantation, liver transplant
patients represent a high risk group for invasive asper-
gillosis [134]. Whilst neutropenia remains a major risk
factor, changing epidemiology and immunosuppres-
sive regimens has resulted in many cases occurring late
in the transplant period after neutropenia has resolved,
often in association with graft-versus-host disease,
newer immunomodulating agents and corticosteroid
usage [135].

Aspergillosis can occur in apparently immunocom-
petent hosts [136] and has been associated with steroid
inhalers [137], topical application of corticosteroids
[138] and influenza A disease [139]. Cutaneous disease
can occur following contamination of wounds or im-
plantation in the skin through the use of contaminated
splints or dressings [140]. One study identified 37 ICU
patients with invasive aspergillosis over a 2-year period
[141]. Only 46% had classical risk factors and the au-
thors conclude that immunoparesis associated with the

critically ill may be a significant predisposing factor
[142]. Diagnosis of invasive aspergillosis is difficult;
many cases remain undiagnosed during life and are on-
ly revealed at autopsy. Clinical signs and symptoms are
non-specific and refractory fever may be the only man-
ifestation. Despite the frequency of pulmonary involve-
ment, chest radiography changes are frequently un-
helpful and the chest X-ray may be normal in a large
proportion of patients. Cough and pleuritic chest pain
are common symptoms in non-ventilated patients. CT
and MRI scanning of the chest has greatly improved the
clinical diagnosis, and the presence of single or multi-
ple enhancing nodules with cavitation, air crescent for-
mation or the early CT-halo sign are strongly sugges-
tive of filamentous fungal infection of which pulmo-
nary aspergillosis remains by far the most common.
Pleural involvement and wedge-shaped infarcts are al-
so characteristic. Since other opportunist infections
(notably fusariosis, pseudallerischiosis, and nocardio-
sis) may occasionally give rise to similar CT appear-
ances, diagnostic bronchoalveolar lavage and antigen
testing are useful. Consensus diagnostic criteria have
been developed for use in haematological malignancy
[143]. Although quite cumbersome and not designed
for critically ill patients, they have been applied useful-
ly within ICU situations. Isolation from respiratory
specimens including bronchoalveolar lavage (BAL) is
specific but relatively insensitive. Isolation of Aspergil-
lus spp. from specimens including sputa, BALs and en-
dotracheal aspirates has a positive predictive value of
82% in BMT patients [144]. This is less sensitive in oth-
er patient groups (e.g. ICU patients where colonisation
without invasion is not uncommon).

Dissemination to any organ can occur but the brain,
liver and skin are common sites. In the brain, dissemi-
nated lesions may present as areas of infarction. Em-
bolic cerebrovascular accidents are rare in thrombocy-
topenic patients following transplantation, and CNS in-
farction, particularly multiple lesions, should alert the
clinician to the possibility of invasive fungal disease.
Skin lesions may appear as ecthyma gangrenosum-like
lesions. Mortality remains high although there is some
evidence that early initiation of high-dose amphoteri-
cin (before the appearance of pulmonary infiltrates)
improves outcome. Nonetheless, invasive aspergillosis
in ICU patients is an independent predictor of mortali-
ty, and is associated with a longer ICU stay and multi-
organ failure [143].

High-resolution CT scans of the chest are now con-
sidered the investigation of choice in the diagnosis of
IPA. The proximity of lesions to major structures such
as the pulmonary artery, the risk of haemorrhage and
the feasibility of surgery [145] can also be assessed.
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7.3.2
Cryptococcal Infection

Cryptococcal infections are generally restricted to pa-
tients with profound cellular immunodeficiency such
as HIV disease but a proportion occurs in apparently
normal hosts. Systemic spread from a primary focus
usually involves the central nervous system. Meningitis
or meningoencephalitis is the typical presentation but
primary pulmonary, cutaneous [146] or prostatic [147]
disease can occur. Raised intracranial pressure is asso-
ciated with a poor response to treatment and increased
morbidity and mortality [148]. The disease may follow
a chronic relapsing course [149] but care should be tak-
en to distinguish disease progression from immune re-
constitution inflammatory syndrome in HIV positive
patients who have recently commenced highly active
retroviral treatment [150]. Diagnosis is made by detec-
tion of the cryptococcal antigen in blood and cerebro-
spinal fluid, and treatment with amphotericin B plus
flucytosine is usually effective [87]. Patients with con-
tinued immunosuppression require long-term second-
ary prophylaxis with triazoles to prevent relapse.

7.3.3
Pneumocystis jiroveci (carinii)

Pneumocystis jiroveci (previously carinii) pneumonia
is associated with HIV disease [151], post-transplant
immunosuppression and other cellular immunodefi-
ciencies. Patients on high dose corticosteroids and
those with low CD4 counts due to vasculitic disease
such as Wegener’s granulomatosis are also at risk [152].
Highly active retroviral treatment has reduced oppor-
tunistic infection in HIV but the impact on ICU admis-
sions from pneumocystic infection has been less no-
ticeable [153]. Infection usually presents as an intersti-
tial pneumonitis but features can vary considerably.
Progressive dyspnoea and a dry cough are the commo-
nest presenting symptoms but Pneumocystis carinii
pneumonia (PCP) can also present as a fulminant in-
fection mimicking bacterial sepsis. Fever is usually, but
not invariably, present. Chest radiographs show inter-
stitial or acinar infiltrates but may be normal in the
early stages [154]. Hypoxia is a feature in more than
90% of patients at presentation and may worsen rapid-
ly on exercise and as the patient progresses to respira-
tory failure. Extrapulmonary pneumocystosis has oc-
casionally been reported.

Induced sputum examination has proved useful in
the HIV-positive setting but the differential diagnosis
tends to be wider in transplant patients and the fungal
load is less such that bronchoalveolar lavage is the pre-
ferred diagnostic procedure in this group. Diagnosis
depends on demonstration of the organism in the BAL
fluid using a variety of staining and immunofluores-

cence techniques. Molecular diagnosis by PCR is highly
sensitive and specific but the test is not rapidly avail-
able at every centre and so has a limited role in clinical
management.

Trimethoprim-sulphamethoxazole (TMP-SMZ, 20 mg/
kg trimethoprim) remains the treatment of choice for
PCP. It may take several days for a response to become
apparent. Patients can be switched to oral therapy after
7–10 days if responding. Pentamidine, clindamycin-
primaquine and atovaquone are all suitable agents for
patients unable to tolerate TMP-SMZ. The addition of
corticosteroids is beneficial in the treatment of severe
PCP in AIDS but efficacy has not been evaluated fully
outside of this risk group.

7.3.4
Emerging Fungal Infections

A variety of emerging pathogens have been reported as
causes of infections in critical care patients, and may
cause life-threatening disseminated systemic infections
in immunocompromised patients. Non-Candida yeasts
including Rhodotorula rubra, Malassezia furfur, Tri-
chosporon beigelii and Pichia anomala are rare causes
of line-associated infection [155]. Malassezia furfur is a
lipophilic yeast whose presence may go undetected un-
less culture medium is overlaid with olive oil to permit
growth from clinical specimens. It is a recognised path-
ogen in neonatal units and is associated with central
venous lines and lipid infusions [156]. Recently it was
implicated in an outbreak of folliculitis in an adult in-
tensive care unit [157]. Moulds such as Fusarium spp.
and the mucorales can cause syndromes similar to as-
pergillosis and Scedosporium apiospermum (Pseudalle-
scheria boydii) infection may follow near-drowning in-
cidents [158, 159]. Voriconazole may be indicated in
these emerging mould infections [160].

7.4
Conclusion

Fungi are supreme opportunist pathogens, capable of
adapting to change and taking advantage of compro-
mised patients. Their ability to colonise, infect and im-
munomodulate make them significant pathogens with-
in the ICU.

Regular surveillance is essential to monitor epide-
miological trends and pathogen shifts. Evidence-based
effective preventative measures and prompt diagnosis
and rational treatment of these infections will improve
outcomes in critically ill patients.
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8 Using Protocols To Improve the Outcomes
of Critically Ill Patients with Infection:
Focus on Ventilator-Associated Pneumonia
and Severe Sepsis
S.T. Micek, M.H. Kollef

Translating the results of research into clinical practice
in critically ill patients is a challenging endeavor and
often a slow, complex process. The literature is replete
with evidence-based guidelines for the prevention and
treatment of infections in critically ill patients aimed to
standardize care, reduce costs, and improve patient
outcomes [1–4]. Despite the widespread publicity of
such documents, non-adherence to guidelines is readi-
ly apparent and directly impacts patient morbidity and
mortality [5–7]. Explanations for the lack of guideline
adherence include disagreement with interpretation of
clinical trials, limited evidence in support of specific
pharmacologic or non-pharmacologic treatment strat-
egies, and simply the hesitancy to change practices at
the beside.

One method that has proven to be successful in the
transfer of research advancements to clinical practice
within individual medical centers is recognition of the
need for quality improvement, involvement of es-
teemed multidisciplinary staff to champion an inter-
vention, followed by mass education, assessment of the
intervention’s impact on patient and hospital end-
points, and finally feeding back findings related to the
process. Examples of successful quality improvement
initiatives focused on development and implementa-
tion of treatment pathways or protocols in critically ill
patients include weaning from mechanical ventilation
[8–10], ICU sedation [11, 12], and intensive insulin
therapy [13]. This chapter describes the impact of pro-
tocols for the management of patients with ventilator-
associated pneumonia (VAP) and severe sepsis.

8.1
Ventilator-Associated Pneumonia (VAP)

The antimicrobial management of VAP is a balancing
act of providing appropriate initial treatment in a time-
ly manner with broad-spectrum therapy based on the
knowledge of the local pathogens and susceptibility
rates, avoiding unnecessary antimicrobials through the
use of protocols to change from broad- to narrow-spec-
trum therapy of anti-infective treatment after 48–72 h
of therapy based on culture results and susceptibilities,

and using a short course of treatment. This “de-escala-
tion” strategy attempts to unify these principles into a
single approach that will optimize patient outcomes
while minimizing the emergence of antibiotic resistant
pathogens.

Failure to provide treatment with an appropriate ini-
tial antimicrobial regimen for VAP has resulted in sig-
nificantly higher rates of septic shock and hospital
mortality [14–16]. Additionally, treatment delays of
greater than 24 h after meeting diagnostic criteria for
VAP have been associated with statistically higher rates
of bacteremia and in-hospital mortality [17]. Impor-
tantly, adjusting an initial inappropriate VAP treatment
regimen according to culture and sensitivity does not
result in outcomes equal to patients treated with anti-
microbial therapy that is active from the outset of ther-
apy [14, 15]. In an effort to optimize the likelihood of
prescribing an initial appropriate regimen for clinically
suspected VAP, the ATS/IDSA evidence-based guideline
recommends a combination of antimicrobials targeting
the most common bacterial pathogens associated with
early- and late-onset infection [2]. It is important to
recognize that the predominant pathogens associated
with hospital-acquired infections, including VAP, may
vary between hospitals as well as among specialized
units within individual hospitals [18, 19]. Therefore,
clinicians should be aware of the prevailing bacterial
pathogens in their hospitals and their associated anti-
microbial susceptibilities when prescribing a combina-
tion therapy regimen as endorsed by the ATS/IDSA
guidelines.

The benefits of a guideline for VAP management was
tested in a clinical setting by Ibrahim et al., who con-
ducted a before-and-after study evaluating the impact
of a VAP treatment guideline on initial administration
of appropriate antimicrobial therapy [20]. In the par-
ticular medical ICU where the protocol was imple-
mented, Pseudomonas aeruginosa and methicillin-re-
sistant Staphylococcus aureus (MRSA) were the most
common causes of VAP based on historical data. Con-
sequently, the protocol dictated the combination of
imipenem-cilastatin, ciprofloxacin, and vancomycin be
prescribed initially as this regimen provided in vitro
coverage for >90% of P. aeruginosa and 100% of MRSA

Chapter 8



isolates. In cases that had a bacterial pathogen identi-
fied, patients managed via the protocol were statistical-
ly more likely to receive initial appropriate treatment
compared to those treated prior to implementation
(94.2% vs. 48%; p<0.001). Similarly, Wood and col-
leagues found a high percentage (76%) of trauma ICU
patients with VAP were prescribed appropriate initial
coverage after altering their clinical pathway based on
historical pathogen incidence [21]. Patients received
ampicillin/sulbactam if they were diagnosed with early
VAP (through day 7 of hospitalization) and cefepime
plus vancomycin for late VAP (after day 7). This was
chosen due to the low incidence of P. aeruginosa, Acine-
tobacter baumannii, and MRSA as a cause of early VAP.

Modification of an initial, appropriate broad spec-
trum antibiotic regimen using a de-escalation strategy
should occur based on the results of the patient’s clini-
cal response and microbiologic testing. This includes
decreasing the number and spectrum of antibiotics and
shortening the duration of therapy administered if
there are signs of clinical improvement or a causative
organism has been identified. Rello and colleagues ex-
amined the impact of a VAP treatment protocol incor-
porating de-escalation principles in 115 patients [22].
Per treatment protocol, patients demonstrating clinical
improvement 48 h after initiation of broad-spectrum
antimicrobials were subject to streamlining therapy.
The approach included narrowing to a single agent if P.
aeruginosa was not identified; focusing the antimicro-
bial spectrum of activity based on susceptibility data,
i.e., changing from combination therapy to monother-
apy for P. aeruginosa; and limiting the course of thera-
py to 5 days in patients remaining afebrile for 48 h. Un-
der this protocol, de-escalation occurred in 31.4% of
the patients. The de-escalation practice pattern that
evolved under the auspices of the protocol was predom-
inantly in patients with early VAP vs. late VAP (40.7%
vs. 12.5%; odds ratio 4.81; 95% confidence interval
1.7–13.6) and in patients with multi-susceptible patho-
gen isolation compared to multi-resistant organisms
(49.3% vs. 2.7%; p<0.05).

The implementation of formal clinical monitoring
[i.e., clinical pulmonary infection score (CPIS)] into
clinical pathways recommending de-escalation therapy
for VAP has been evaluated by several investigators.
Singh and colleagues attempted to reduce the emer-
gence of resistance by limiting the number of antibiot-
ics and duration of antibiotic therapy in patients hav-
ing a low likelihood of VAP as indicated by a CPIS
e 6 [23]. Patients with the clinical diagnosis of VAP (not

uniformly diagnosed via quantitative cultures of BAL)
but with CPIS 6 were randomized to conventional ther-
apy determined by the treating physician or to ciproflo-
xacin monotherapy. Per study protocol, patients in the
ciprofloxacin monotherapy group had treatment dis-
continued on day 3 if the CPIS remained 6, whereas

therapy was permitted to continue in the conventional
therapy group. Patients in the ciprofloxacin monother-
apy group had significantly shorter courses of antibiot-
ic therapy (3 days vs. 10 days; p=0.0001), significantly
less development of antimicrobial resistance or subse-
quent superinfection (15% vs. 35%; p=0.017), and
shorter ICU lengths of stay (median 4 days vs. 9 days;
p=0.04) with no observed difference in 30-day all cause
mortality (13% vs. 31%; p=0.06).

Or do we want to say a slight trend to improvement
in 30-day all cause mortality?

Ibrahim et al. conducted a pre-/post-protocol study
that evaluated a clinical guideline for clinically diag-
nosed VAP employing the goals of de-escalation thera-
py and promoted a 7-day course of antimicrobial thera-
py in responding patients with uncomplicated VAP
(i.e., absence of empyema or secondary bacteremia)
[20]. The guideline incorporated in this trial dictated
that antibiotic treatment had to be de-escalated via two
modalities: (1) narrowing of therapy 24–48 h into
treatment based on the availability of culture results
and the patient’s clinical course and (2) subsequent rec-
ommendation of a 7-day course of therapy. Use of anti-
biotic treatment beyond 7 days was only encouraged
for patients with clinical parameters that remained ab-
normal or consistent with persistent infection. Upon
implementation of the clinical guideline, 98% of pa-
tients had one or two antibiotics discontinued by 48 h
of treatment. The duration of treatment was signifi-
cantly shorter during the post-protocol period com-
pared with the pre-protocol period (8.6±5.1 days vs.
14.8±8.1 days, p<0.001). Additionally, there were few-
er secondary infections due to antibiotic resistant or-
ganisms during the clinical guideline phase. No differ-
ences in clinical outcome measures including in-hospi-
tal mortality or ICU and hospital lengths of stay were
observed.

In a study by Micek and colleagues, patients with
clinically diagnosed VAP were randomly assigned to
have the duration of antibiotic therapy determined by
the clinical judgment of the treating physician (stan-
dard therapy) or by a formalized discontinuation poli-
cy [24]. Patients assigned to the discontinuation group
were monitored during the weekday by a clinical phar-
macist who made recommendations to stop one or
more antibiotics if a non-infectious etiology for pulmo-
nary infiltrates was identified or if all of the following
criteria were met: (1) temperature <38.3°C, (2) white
blood cell count <10×103 or decreased 25% from peak
value, (3) improvement or lack of progression on chest
X-ray, (4) absence of purulent sputum, and (5) PaO2 :
FiO2 ratio >250. Eighty-nine percent of patients in the
discontinuation group had at least one antibiotic dis-
continued within 48 h of recommendation. The overall
duration of treatment was significantly shorter in the
discontinuation group compared to standard therapy
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(6.0±4.9 days vs. 8.0±5.6 days, p=0.001). No differ-
ences were observed with respect to in-hospital mortal-
ity, ICU and hospital length of stay, the duration of me-
chanical ventilation, or the acquisition of a second epi-
sode of VAP.

The implementation of VAP treatment protocols in-
corporating the administration of broad-spectrum em-
piric antimicrobial therapy based on patient risk fac-
tors, serial assessment of clinical markers used to mon-
itor response to empiric therapy, institution of locally
developed and clinician accepted guidelines designed
to minimize the number and duration of antibiotics in
the face of positive cultures and/or clinical improve-
ment optimizes patient outcomes while preventing the
emergence of antibiotic resistance.

8.2
Severe Sepsis

The unscrambling of the complex pathophysiology as-
sociated with severe sepsis has made much progress
and current understanding of this process is no longer
rudimentary [25, 26]. Novel drug entities and new ther-
apeutic strategies targeting these pathways have dem-
onstrated efficacy in reducing patient mortality
[27–29]. The challenge for clinicians is the integration
of these pharmacotherapies to confer the recognized
survival benefit into critical care practice. The Surviv-
ing Sepsis Campaign has teamed with the Institute for
Healthcare Improvement to create the Severe Sepsis
Bundles, which are designed in an effort to optimize
the timing, sequence, and goals of the individual ele-
ments of care as delineated in the Surviving Sepsis
Guidelines [1]. The creation of comprehensive treat-
ment protocols integrating goal-directed hemodynam-
ic stabilization, early, appropriate antimicrobial thera-
py, and associated adjunctive severe sepsis therapies
initiated in the emergency department and continued
in the intensive care unit has been reported in several
retrospective and prospective, observational trials.

The significance of early, aggressive volume resusci-
tation and hemodynamic stabilization was demon-
strated in a randomized, controlled, single-center trial
in patients that presented to the emergency depart-
ment with signs of the systemic inflammatory response
syndrome (SIRS) and hypotension as published by Riv-
ers et al. [27]. Administration of crystalloids, red blood
cell transfusions, vasopressors and inotropes based on
aggressive monitoring of intravascular volume and a
tissue oxygen marker within 6 h of presentation to the
emergency department resulted in a 16% decrease in
absolute 28-day mortality. The major differences in
treatment between the intervention and control groups
were in the volume of intravenous fluids received, the
number of patients transfused packed red blood, the

use of dobutamine, and the presence of a dedicated
study team for the first 6 h of care. Equally important as
rapid hemodynamic stabilization is the administration
of appropriate initial antimicrobial treatment of pa-
tients with severe sepsis. Several investigations have
found appropriate therapy to be an important determi-
nant of patient outcome [30–32], with early adminis-
tration possibly playing a pivotal role [33].

The implementation of treatment pathways mimick-
ing the interventions of the well-scripted, carefully per-
formed procedures employed by Rivers et al. has been
put into practice in the clinical setting. Trzeciak et al.
described the results of incorporating clinical research
into a real-life setting whereby the emergency depart-
ment and ICUs at an academic medical center collabo-
rated in a therapeutic quality initiative focused on im-
plementing early goal-directed therapy (EGDT) [34].
Upon institution of a hospital-specific, EGDT protocol,
91% of patients managed met central venous pressure
(CVP), mean arterial pressure (MAP), and central ve-
nous oxygen saturation goal (SCVO2) endpoints within
a median of 6 h of presentation. Similarly, Shapiro et al.
have described the creation of the Multiple Urgent Sep-
sis Therapies (MUST) protocol, a multidisciplinary col-
laborative that combines all sepsis bundle elements, in-
cluding EGDT and early, appropriate antimicrobial
therapy [35]. Key to the successful implementation of a
complex process of care such as the MUST protocol is
the massive education initiative associated with each
endeavor. Such labors include training classes for
emergency department and intensive care unit physi-
cians and nurses, bedside reference guides, educational
websites, protocol summary posters, and ultimately a
sepsis order set specific to individual hospital capabili-
ties, such as computerized physician order entry sys-
tems.

Several studies have detailed the impact of adopting
severe sepsis protocols on treatment processes and pa-
tient outcomes. Micek and colleagues compared 60 pa-
tients presenting to the emergency department who
were managed prior to the implementation of the stan-
dardized order set (before-group) that focused on in-
travenous fluid administration and the appropriate-
ness of initial antimicrobial therapy and 60 patients
treated after the roll out of the protocol (after-group)
(Figs. 8.1, 8.2) [36]. Patients in the after-group received
statistically more intravenous fluids while in the emer-
gency department (3,789±1,730 ml vs. 2,825±1,624 ml;
p=0.002), they were more likely to receive intravenous
fluids greater than 20 ml/kg of body weight prior to va-
sopressor administration (88.3% vs. 58.3%; p<0.001),
and consequently were less likely to require vasopres-
sor administration at the time of transfer to the inten-
sive care unit (71.7% vs. 100%; p<0.001). Additionally,
a statistically greater number of patients in the after-
group were more likely to receive a blood transfusion
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UNLESS THE WORD SPECIFIC IS WRITTEN AFTER A DRUG ORDER BY TRADE NAME, A GENERIC EQUIVALENT DRUG APPROVED BY THE 

PHARMACY AND THERAPEUTICS COMMITTEE MAY BE DISPENSED IN ACCORDANCE WITH THE MEDICAL STAFF BYLAWS.

PLEASE CHECK (✔) THE APPROPRIATE BOX  AND FILL IN THE BLANK(S) AS NEEDED.  IF YOU DO NOT NEED AN 

ORDER, DRAW A LINE THROUGH IT AND INITIAL. 

DATE TIME Microbiologic Diagnosis 

Obtain the following cultures: 
 Blood  (peripheral) x 2 sets     Urine  Respiratory Secretions   Stool C. difficile toxin
 Other ______________________________________________________________________________

Antimicrobial Therapy (To be initiated within 3 hours of presentation) 

  Medications: for probable type of Infection 
Patient’s weight (kg):____________  Patient’s height:__________ 

Community Acquired Pneumonia (CAP)
Choose one: 

 Ceftriaxone 1 gram IVPB NOW and Q24 hours plus Azithromycin 500 mg IVPB NOW and Q24 hours 
PCN/Cephalosporin Allergy 

 Moxifloxacin 400 mg IVPB NOW and Q24 hours 

Healthcare Associated Pneumonia (HCAP)
Choose one: 

 Cefepime 1 gram IVPB NOW and Q8 hours plus Gentamicin 5 mg/kg IVPB NOW and Q24 hours 
 Piperacillin/Tazobactam 4.5 grams IVPB NOW and Q6 hours plus Gentamicin 5 mg/kg IVPB NOW and Q24 hours
 Cefepime 1 gram IVPB NOW and Q8 hours plus Ciprofloxacin 400mg IVPB NOW and Q8 hours 
 Piperacillin/Tazobactam 4.5 grams IVPB NOW and Q6 hours plus Ciprofloxacin 400mg IVPB NOW and Q8 hours  

PCN/Cephalosporin Allergy 
 Aztreonam 2 grams IVPB NOW and Q8 hours plus Gentamicin 5 mg/kg IVPB NOW and Q24 hours 

And:
 Vancomycin  20mg/kg=_________mg IVPB NOW and Q12 hours (rounded to nearest 250mg; max single dose = 2 

gm)

Intra-abdominal Infection
Choose one: 

 Cefepime 1 gram IVPB NOW and Q8 hours plus Metronidazole 500mg IVPB NOW and Q8 hours 
 Ciprofloxacin 400mg IVPB NOW and Q8 hours plus Metronidazole 500mg IVPB NOW and Q8 hours 
 Piperacillin/Tazobactam 4.5 grams IVPB NOW and Q6 hours 

Urinary Tract Infection
Choose one: 

 Ceftriaxone 1 gram IVPB NOW and Q24 hours (community-acquired) 
 Cefepime 1 gram IVPB NOW and Q8 hours (healthcare-acquired) 

PCN/Cephalosporin Allergy  
 Ciprofloxacin 400 mg IVPB NOW and Q12 hours 

Other: _______________________________________________________________________
_______________________________________________________________________

* All doses are based on CrCl > 75 ml/min, dose adjustments may be needed after 24 hours 

MD:__________________________  Telephone #/Pager # ____________ 

Fig. 8.1. Protocol

(20% vs. 6.7%; p=0.032) as a result of a significantly in-
creased SCVO2 monitoring (48.3% vs. 1.7%; p<0.001).
Patients in the after-group were also more likely to be
treated with an appropriate initial antimicrobial regi-
men (86.7%% vs. 71.7%; p=0.043) compared to pa-
tients in the before-group. As a result of the aggressive
management initiated in the emergency department
and continued in the intensive care unit, patients man-
aged via the severe sepsis order sets had a shorter hos-
pital length of stay (12.1±9.2 days vs. 8.9±7.2 days;
p=0.038), and a lower risk for 28-day mortality (48.3%
vs. 30.0%; p=0.040).

Shapiro et al. evaluated the implementation and out-
comes of the Multiple Urgent Sepsis Therapies (MUST)
protocol compared to historical controls in an academ-
ic medical center [37]. During the first 6 h (resuscita-
tion phase) of therapy, patients managed via the proto-
col group received significantly more intravenous flu-
ids (4,107±2,590 ml vs. 2,871±1,773 ml; p=0.001),
were more likely to receive vasopressors (80% vs. 45%;
p=0.001) and had a significant improvement in appro-
priate antibiotic coverage compared to historical con-
trols (97% vs. 88%; p=0.05). Additionally, non-statisti-
cally significant increases in red blood cell transfusion
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UNLESS THE WORD SPECIFIC IS WRITTEN AFTER A DRUG ORDER BY TRADE NAME, A GENERIC EQUIVALENT DRUG APPROVED BY THE 

PHARMACY AND THERAPEUTICS COMMITTEE MAY BE DISPENSED IN ACCORDANCE WITH THE MEDICAL STAFF BYLAWS. 

PLEASE CHECK (✔) THE APPROPRIATE BOX  AND FILL IN THE BLANK(S) AS NEEDED.  IF YOU DO NOT NEED AN 

ORDER, DRAW A LINE THROUGH IT AND INITIAL.

INITIATE THE FOLLOWING STANDARDIZED ORDERS FOR ALL PATIENTS IN SEVERE SEPSIS OR SEPSIS-INDUCED 

HYPOPERFUSION (SYSTOLIC BLOOD PRESSURE < 90 MMHG [AFTER A CRYSTALLOID FLUID CHALLENGE OF 20-30 

ML/KG OVER 30 MINUTES] OR A BLOOD LACTATE CONCENTRATION OF  4 MMOL/L)   

DATE TIME ORDERS

Admission Status:  Inpatient 
Recommended Admit Location: 83ICU or 89ICU or 84ICU if surgical patient 

Diagnosis:
1.) ____________________________________________________________________________________ 
2.) ____________________________________________________________________________________ 
3.) ____________________________________________________________________________________ 

  Early Goal-Directed Therapy (To be initiated within 6 hours of presentation) 

  Procedures: 
1.) Arterial Catheterization 
2.) Central Venous Catheterization (subclavian or internal jugular) 
3.) Central Venous Pressure Transducer Set-up

  IV Fluids 
Choose One: 
 0.9 NS 500 ml IV over 30 minutes, repeat until central venous pressure (CVP) 8-12 mmHg or 12-15 in 

mechanically ventilated patients 
 Other 

  Vasopressors: If the mean arterial pressure remains < 65 mmHg despite achieving a CVP of 8-15 mmHg, 
initiate vasopressor therapy.  It may be necessary to employ vasopressors early as an emergency measure 
in patients with septic shock 
 Dopamine 10 mcg/kg/min, titrate to a mean arterial pressure (MAP) of 65-90 mmHg 
 Norepinephrine 5 mcg/min, titrate to a mean arterial pressure (MAP) of 65-90 mmHg 

  Tissue Perfusion Assessment 
 Obtain central venous oxygen saturation (SCVO2) q 30 minutes until  70% 
 Continuous central venous oxygen saturation (SCVO2) monitoring until  70% 

  Transfusion Therapy: If central venous oxygen saturation is < 70% despite a CVP of 8-15 mmHg and the 
addition of vasopressors, the patient should be transfused with packed red blood cells to achieve a 
hematocrit  30%.  Separate order should be written.

  Inotropic Therapy: If central venous pressure, mean arterial pressure and hematocrit have been 
optimized, and the central venous oxygen saturation remains < 70%, consider inotropic therapy. 

 Dobutamine 2.5 mcg/kg/min, titrate by 2.5 mcg/kg/min to a central venous oxygen saturation (SCVO2) q 
30 minutes until  70% (max dose 20 mcg/kg/min)

MD:__________________________  Telephone #/Pager # ____________ 

Fig. 8.2. Protocol

(30% vs. 18%; p=0.7) and dobutamine administration
(14% vs. 4%; p=0.06) were observed in patients treat-
ed via the protocol. The intensified approach to early
resuscitation dictated by the protocol in combination
with other therapies resulted in a 9.1% absolute risk re-
duction in 28-day mortality (20.3% vs. 29.4%; p=0.3).

In a study by Kortgen and colleagues, the effects of
standard operating procedure (SOP) for treatment of
severe sepsis and septic shock were compared to those
in control patients managed prior to the introduction
of the pathway [38]. Cohorts of 30 patients each were
compared. Patients receiving therapy under the auspic-
es of the SOP were statistically more likely (all p values
<0.05) to be treated with dobutamine (40% vs. 6.7%),
hydrocortisone (100% vs. 43.3%), drotrecogin alfa (ac-

tivated) (23.3% vs. 0%), and insulin infusions (100%
vs. 60%) within 24 h of initial organ failure. These dif-
ferences, in combination with other fundamental ther-
apies including goal-directed volume resuscitation and
lung-protective ventilation strategies, and antimicrobi-
al therapy resulted in a statistically lower 28-day mor-
tality rate amongst patients managed with the SOP
(27% vs. 53%, p<0.05), with a relative risk reduction of
50% (95% CI 1.2%–74.7%).

Gao et al. evaluated the outcomes of patients who
manifested a severe sepsis syndrome after hospital ad-
mission in terms of whether compliance with sepsis
care bundles occurred during their management [39].
The sepsis care bundles provided recommendations for
the management of intravenous fluids, blood transfu-
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sions, antibiotics, and vasopressors. There was an over-
all compliance of 52% with the sepsis bundles for this
population. Despite being comparable in terms of base-
line demographics and severity of illness, the compli-
ant patients had a statistically lower risk of hospital
mortality compared to the non-compliant patients
(29% vs. 55%; p=0.045).

In summary, the initial management of patients
with septic shock and VAP appears to be critical in
terms of determining outcome. Institution of standard-
ized physician order sets, or some other systematic ap-
proach, for the management of patients with severe in-
fections appears to consistently improve the delivery of
recommended therapies and as a result may improve
patient outcomes. Given that physician order sets ex-
pose patients to no additional risks, and are associated
with little to no acquisition costs, their implementation
should become the standard of care for the manage-
ment of septic shock and VAP.
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9Microbial Surveillance in the Intensive Care Unit
S. Blot, P. Depuydt, K. Vandewoude

9.1
Introduction

Nosocomial infections occur approximately three to
six times more frequently in patients admitted to ICUs
than in patients residing in general wards [1]. The
prevalence of nosocomial infection in critically ill pa-
tients is about 20%, depending on the type of admis-
sion diagnosis and underlying conditions predispo-
sing to microbial colonization and infection [2]. De-
spite all the efforts taken in infection control, the inci-
dence of nosocomial infection in ICUs has increased
over the past 3 decades. There are several reasons for
this trend. Together with the widespread use of inva-
sive techniques disrupting the host’s anatomical barri-
ers, more patients are receiving immunosuppressive
therapy, decreasing humoral and cellular defense
against microorganisms. And, thirdly, improved emer-
gency and supportive care has resulted in better acute
phase survival, but simultaneously has led to a grow-
ing number of long-term ICU residents. All these fac-
tors result in a pool of patients extremely vulnerable to
nosocomial infection, grouped in units with a high
workload and a degree of urgency which results in a
suboptimal compliance with standard infection con-
trol measures.

Along with the threat of nosocomial infection goes
the emergence of antimicrobial resistance [3]. Over
time, for most bacterial species, sensitive strains have
been replaced by resistant ones, and the patterns of re-
sistance have increased in complexity, often with geo-
graphic variability [4]. The onward march of antimi-
crobial resistance is a major challenge to the adequate
treatment of infections in the ICU. Both infections and
antimicrobial resistance negatively impact outcome
through increased morbidity and mortality. The higher
mortality in antimicrobial-resistant infection appears
to be mainly due to an increased risk of inappropriate
initial antimicrobial therapy, which has been identified
as an important predictor for an unfavorable outcome
in numerous recent studies [5–7]. Apart from this hu-
man cost, resistance imposes an increased health-eco-
nomic burden due to the additional hospital stay and
the higher cost of broad-spectrum antibiotics [8–11].

Several mechanisms are involved in the appearance
and spread of multi-drug-resistant (MDR) organisms
in the hospital and community. These include: (1) ac-
quisition of resistance by a sensitive strain due to de
novo mutation, genetic transfer or overt expression of
resistance already present in the population; (2) differ-
ential selection of a resistant subpopulation; (3) intro-
duction of a resistant organism in a previously sensitive
population; and (4) horizontal transmission of an MDR
strain in the hospital. Whereas the first and second
mechanisms essentially are driven by selection pres-
sure due to antibiotic use, the last two phenomena can
be contained by imposing barrier precautions or the
identification of a possible point source of contamina-
tion. Timely control of an endemic spread of MDR
strains requires early detection by an efficacious micro-
bial surveillance program [12]. As such, microbial ecol-
ogy data both on a health care facility level (hospital or
ICU) and on a larger (community) scale by microbial
surveillance have gained importance both for effective
treatment of infection and to avoid the advance of anti-
microbial resistance.

9.2
Type and Aim of Surveillance Systems

Microbial surveillance in the ICU can be defined as the
continual, systematic collection, analysis, and interpre-
tation of microbiological data essential for the plan-
ning, implementation, and evaluation of infection con-
trol practice either on an individual or a unit level. Site-
specific infection density rates can be calculated by us-
ing the number of patients at risk, total patient days,
days of indwelling urinary catheterization, central ve-
nous catheter days, or days on mechanical ventilation.
Trends in infection rates are important indicators of
quality control and are often used for benchmarking.
Microbial surveillance, however, has a larger scope
than the – often post hoc – registration of infection
rates. While the diagnosis of infection is based on mi-
crobiological sampling of clinically relevant sites (e.g.,
sputum, urine, wounds), examination of the coloniza-
tion status should take into account nose, mouth and
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perineum as reservoirs of potentially MDR bacteria.
For example, sampling of nose and perineum is rarely
significant for diagnosis of infection, but may be of par-
ticular value to detect epidemiologically important mi-
croorganisms such as, respectively, methicillin-resis-
tant Staphylococcus aureus (MRSA), vancomycin-resis-
tant enterococci (VRE) or multiresistant gram-nega-
tive strains. A surveillance system that takes into con-
sideration colonization as well as clinically indicated
culture samples is a much more powerful tool for infec-
tion management and control. In addition to retrospec-
tive quality control, routine surveillance allows early
detection of outbreaks with epidemiologically impor-
tant microorganisms and provides data for the appro-
priate empirical antimicrobial therapy. Conceptually,
this should contribute to better individual patient out-
comes, as well as to a reduction in antimicrobial selec-
tion pressure by selection of agents with a judiciously
targeted spectrum of activity. In this chapter the focus
is on microbial surveillance and how it can benefit clin-
ical practice, on top of the mere registration of infec-
tions.

Three major purposes can be recognized for micro-
bial surveillance in the ICU. Firstly, surveillance is a
cornerstone in infection control. Secondly, it can be
used to control antimicrobial prescription patterns and
therefore as a tool to limit the emergence of resistance.
Finally, surveillance cultures can be used to guide em-
pirical antimicrobial therapy. An up-to-date knowl-
edge of locally prevailing antimicrobial drug resistance
is an essential prerequisite for an appropriate initial an-
tibiotic selection. Whether surveillance aiming at the
colonization status of the individual patient can be
used for the individual tailoring of the empirical thera-
py remains controversial. As the first two objectives are
generally accepted and implemented, these are briefly
discussed, while more attention is given to the value of
surveillance cultures in optimizing empirical therapy.

9.2.1
Active Surveillance To Steer Infection Control

In the hospital, microbial surveillance is a potentially
useful tool in tackling the problem of infection caused
by MDR bacteria at different levels.

Firstly, microbial surveillance programs to detect
contamination of hospital equipment, such as the pres-
ence of Pseudomonas or Legionella species in an aque-
ous environment (ventilator circuits, tap water, aero-
sols), should allow early control of this iatrogenic
source of infection.

Secondly, microbial surveillance is helpful in the
early detection of outbreaks of infection caused by
MDR bacteria, after which barrier precautions can be
rapidly implemented to limit further spread. The suc-
cess of this strategy depends both on the quality of the

surveillance (i.e., number and sensitivity of surveil-
lance cultures) and on the mechanisms of dispersal of
resistance. Thus, MDR pathogens, for which horizontal
transmission is the main contributing factor of dissem-
ination, are most likely to be controlled by this strategy.
Examples of these are MRSA, Candida species and
VRE. In contrast, multi-drug resistance acquired by ex-
pression of drug resistance coding genes widely dis-
persed within a microbial species is more likely to be
contained by measures aimed to reduce selection pres-
sure by antibiotic restriction. An example is carbape-
nem resistance in Acinetobacter species through ex-
pression of carbapenemases [13]. Control of MRSA
serves as the best known example of the application of
microbial surveillance guiding barrier precautions to
dam dispersal [14–17]. It should be noted, however,
that several authors reported failure of this strategy to
control nosocomial spread of MRSA [18, 19], while oth-
ers reported relapsing rates of spread after cessation of
intensive surveillance [20], and only limited data exist
on long-term control in endemic settings. A “search
and destroy” strategy, consisting of searches for MRSA
carriers coupled with attempts at decolonization, e.g.,
by applying nasal mupirocin, is the subject of ongoing
controversy [21].

It has become apparent that endemicity for MDR
strains such as MRSA in the hospital environment is
maintained to a certain extent by a steady influx of col-
onized patients (the infection often previously ac-
quired in health care related settings). In such endemic
settings, screening at admission should be considered
in patients referred from other hospitals or long-term
care facilities, or after previous exposure to antibiotics
such as fluoroquinolones, which are known risk factors
for harbouring MDR strains [22]. Early identification
of colonization by MRSA could allow prevention of
spread in the hospital by strict barrier precautions. On
a larger scale, countries with a very low to sporadic
prevalence of MRSA, such as the Netherlands and Den-
mark, so far seem to have effectively used screening of
patients referred from abroad as a barrier to keep the
MRSA problem outside their hospitals.

Similarly and more recently, VRE infection control
has received considerable attention, with several stud-
ies highlighting the potential as well as the limitations
of microbial surveillance guided barrier precautions in
containing VRE dissemination. For example, a new oc-
currence of VRE in an Italian ICU invoked an active
surveillance program directing the intensification of
infection control measures with successful control of
further dispersal [23]. Even when endemicity has been
established, an active surveillance program combined
with contact precautions has been shown to effectively
limit spread of VRE [24]. It should be noticed that the
great majority of patients colonized with VRE are de-
tected by surveillance cultures and go undetected by
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routine clinical cultures [24, 25], although even an ac-
tive surveillance program may still miss a significant
number of cases [26]. Otherwise, surveillance and bar-
rier precautions can be impracticable in regions of high
prevalence of asymptomatic VRE carriers (such as
many parts of Europe); an alternative approach is to
target barrier precautions on epidemic strains of VRE
identified by molecular typing [27].

Finally, microbial surveillance appears to be a useful
monitoring tool to assess the impact of educational in-
fection control programs implemented in order to pre-
vent the spread of resistance or particular types of nos-
ocomial infection such as catheter-related bacteremia
or ventilator-associated pneumonia [28–30].

9.2.2
Controlling the Advance of Resistance

As excessive antibiotic use is a major culprit for the ever
increasing emergence of antibiotic resistance, microbi-
al surveillance should not be limited to the microbial
flora but should also focus on antimicrobial prescrip-
tion, enabling detection of trends in antibiotic pre-
scription. Simultaneous monitoring of both local mi-
crobial ecology and antimicrobial use may provide in-
sights into the ever changing dynamics of resistance. In
this way the impact of antimicrobial policies such as se-
lective digestive decontamination, antibiotic cycling,
formulary-based restrictions and de-escalation strate-
gies can be prospectively evaluated [31–33]. An exam-
ple of this is provided by a recent study in which restric-
tion of fluoroquinolone use in one of four teaching hos-
pitals resulted in a 20% reduction of MRSA isolation in
routine clinical samples, as compared to the three hos-
pitals that served as a control; however, due to in-
creased use of cephalosporins, an increased number of
infections with extended-beta lactamase producing
Enterobacteriaceae was noticed [34]. Retrospectively,
pattern recognition in epidemiology of resistance
could allow the linking of trends to changing practice
in antimicrobial prescription. While these surveillance
systems provide valuable information for evaluating
and guiding antibiotic policies, real time monitoring
antibiotic prescription on the scale of the individual
ICU may directly impact clinical practice. Thus, sur-
veillance of antibiotic treatment by an infectious dis-
eases consultant or a clinical pharmacist could avoid or
limit inappropriate or inadvertent prolonged use of
broad spectrum antimicrobials [35]. Furthermore, a
policy of antibiotic restriction limits the emergence of
fungal overgrowth, resulting in unnecessary prescrip-
tion of antifungals [36].

9.2.3
Surveillance Cultures as a Guide for Empirical
Antimicrobial Therapy

At the community level, microbial surveillance,
through the collection of data from several ICUs over a
geographic region, is important for charting and moni-
toring the dispersal of newly emerging MDR strains
(such as VRE, penicillin-resistant Streptococcus pneu-
moniae and Staphylococcus aureus with intermediate
vancomycin susceptibility). This surveillance provides
vital information on which to base treatment policies,
and by which to assess their effectiveness. Information
obtained from surveillance should be used to regularly
update local guidelines for empirical antibiotic therapy
in community-acquired as well as nosocomial infec-
tion.

In severe infection such as nosocomial pneumonia
and bloodstream infection, the odds on a favorable
outcome by antimicrobial therapy are largest during
the first hours or days of the clinical syndrome, and
rapidly decline thereafter; therefore initial therapy
must be chosen on an empirical basis, since the micro-
biological results of diagnostic cultures become avail-
able not until after 24–48 h [5–7].

Increasing antimicrobial resistance has driven the
development of new strategies to maximize the likeli-
hood of appropriate initial antimicrobial therapy with-
out falling into an indistinct and undue use of broad
spectrum drugs. In the example of ventilator-associat-
ed pneumonia, it has been acknowledged since the
landmark paper of Trouillet et al. that clinical risk fac-
tors, such as a prolonged intubation of >1 week and
prior antibiotic exposure, increase the risk of infection
caused by MDR microorganisms and subsequently
should trigger the institution of a larger spectrum anti-
biotic [37]. However, it has since been observed that the
locally prevailing microbial ecology is to a large extent
indicative for the etiology in ventilator-associated
pneumonia (VAP), with ‘overruling’ of the clinical risk
profile in local circumstances of high MDR endemicity
[38]. As a consequence, general literature based guide-
lines about empirical therapy in severe infection such
as hospital-acquired pneumonia should be translated
into local surveillance based guidelines.

To take this concept one step further, an intriguing
strategy is to target empirical antibiotic therapy ac-
cording to colonization status of the individual patient.
Knowledge of colonization or previous infection with
an MDR strain should be taken into account in empiri-
cal antibiotic choice, but otherwise the issue is whether
a systematic screening of ICU patients for MDR coloni-
zation could be predictive for the microbial etiology of
the infectious episode. Two earlier studies failed to
identify a significant predictive value of colonization
status for the etiology of subsequent infection, in casu
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VAP. In the pioneering study of Hayon et al., coloniza-
tion cultures predicted VAP etiology in only one-third
to two-thirds of the cases and the subsequent study of
Bouza et al. in cardiosurgical patients found only one
episode of pneumonia caused by a prior identified
pathogen [39, 40]. Both studies, however, had a low
sampling frequency, and part of the poor prediction
may be due to the lengthy intervals between surveil-
lance cultures and subsequent infection, precluding the
detection of relevant changes in microbial coloniza-
tion. Interestingly, three recent publications have boo-
sted interest in individual patient surveillance. Firstly,
Blot et al. found in a retrospective study of bacteremia
caused by MDR gram-negative bacilli that prediction of
the bacteremic pathogen in surveillance cultures (of
any site) was associated with significantly more appro-
priate antibiotic therapy within the first 24 h as well as
48 h following bacteremia [41]. In a subsequent study,
the authors observed a significant contribution of sur-
veillance cultures to an adequate early antibiotic thera-
py in a subgroup of patients at risk for VAP caused by
MDR bacteria [42]. Secondly, a remarkably high pre-
dictive value of tracheal surveillance cultures on the
etiology of subsequent, microbiologically proven, VAP
was observed in a French study [43]. Finally, surface
cultures predicted catheter colonization and infection
with an accuracy of 71% and 66% respectively in a re-
cent study by Bouza et al. [44].

The major limitation of a surveillance strategy to an-
ticipate individual infectious etiology is the cost and
workload imposed, since frequent sampling is manda-
tory. In the study of Bouza for example, 3,712 surface
cultures were necessary to anticipate 15 catheter infec-
tions in 130 patients. The cost-effectiveness of such a
policy should be addressed in a randomized controlled
trial. In a multicenter approach, such a design would be
hampered by the variability of ecology and resistance
patterns between participating centers, whereas in a
single center setting, it may be ethically unacceptable to
blind the treating physician in the control, ‘non-sur-
veillance’ arm for the results of surveillance cultures in
the active, ‘surveillance’ arm. As surveillance is primar-
ily detected at early identification of MDR colonization,
one can expect that the cost-benefit ratio can be most
relevant in health care settings with a high risk of the
acquisition of an MDR ecology, i.e., tertiary ICUs with
high endemicity of such strains, or alternatively within
subsets of patients at the highest risk for infection
caused by MDR bacteria.

9.3
Conclusion

Microbial surveillance contributes to control of the
spread of nosocomial infections and MDR microorgan-

isms in particular. Routine surveillance allows early de-
tection of MDR outbreaks. It also permits the evalua-
tion of the impact of antibiotic strategies or infection
control measures on local endemicity of MDR problem
pathogens or on more subtle trends in microbial ecolo-
gy. Microbial surveillance can also be mentioned as a
promising tool to guide empirical antimicrobial thera-
py, based upon up-to-date information on both local
ecology and individual colonization status. The value
of routine surveillance strongly depends on the sam-
pling frequency of cultures. However, the cost-benefit
ratio of frequent sampling is questionable, even in high
risk patient populations such as the critically ill. There-
fore, the potential benefit of a surveillance strategy can
be commensurate with the incidence of the more diffi-
cult-to-treat MDR infections.
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10Antimicrobial Prophylaxis in the Intensive
Care Unit
A.M. Bal, I.M. Gould

Patients in intensive care units (ICUs) are at high risk of
developing nosocomial infections. These include noso-
comial respiratory infections that are usually ventilator
acquired, urinary tract infections secondary to cathe-
terization and bloodstream infections secondary to
line colonization. Infections in intensive care lead to
significant morbidity and mortality. As most of these
infections, particularly if acquired after more than 48 h
stay in the hospital, are caused by hospital acquired or-
ganisms resistant to commonly used antibiotics, their
treatment is expensive, prolonged and carries the risk
of adverse effects. Hence, prevention of hospital-ac-
quired infections in intensive care settings is extremely
important. If effective, such measures have the poten-
tial to prevent mortality and morbidity, prevent the
spread of infections from one patient to another, de-
crease the risk of emergence of drug resistant organ-
isms by limiting the use of antibiotics for therapeutic
purposes, lead to fewer days of stay in the intensive care
and decrease cost. This review summarizes antibiotic
and antifungal prophylaxis in intensive care settings.

In general, although antibiotic prophylaxis is always
tempting, there are very few well-established indica-
tions for it outwith the perioperative situation. In par-
ticular, the use of any regimen that adds to the already
established burden of intensive therapeutic use has to
be viewed with extreme caution. In this context it may
well be useful to differentiate short-term use for cessa-
tion of outbreaks [such as methicillin-resistant Staphy-
lococcus aureus (MRSA) or extended spectrum q lacta-
mase (ESBL) producing gram negative bacilli] from
prevention of the inevitable sporadic infection that oc-
curs in all ICUs. The former is outwith the scope of this
chapter.

10.1
Ventilator-Associated Pneumonia

Nosocomial pneumonia accounts for the vast majority
of deaths due to nosocomial infections. Mortality rates
are particularly high for ventilator-associated pneumo-
nia (VAP). By definition, nosocomial pneumonias are
caused by organisms not present or not incubating at

the time of hospital admission. Pneumonia usually de-
velops more than 48–72 h after hospital admission.
The etiology of VAP depends upon the type of disease:
mild, moderate, or severe, presence or absence of risk
factors and the time of onset of pneumonia. Box 10.1
lists the common causative organisms of VAP.

Guidelines for empirical antibiotic therapy have
been formulated keeping in mind the target organisms
mentioned in the table and their predicted antibiotic
susceptibility patterns. Prophylactic regimes for pneu-
monia have also used antibiotics that are broadly active
against this group of microorganisms especially those
that are associated with pneumonia early in the inten-
sive care stay. The value of antibiotic regimens for pre-
vention of pneumonia has however been debated. Pro-
phylactic strategies take into account the pathogenesis
of VAP.

Nosocomial pneumonias most commonly develop
as a result of microaspiration of oropharyngeal secre-
tions. In patients who are intubated, secretions pool
around the cuff of the endotracheal tube. These secre-
tions make their way to the lower respiratory tract as a
result of alterations in the diameter of the airway lu-
men. Consequently, most prophylactic regimes have
targeted decolonization of the upper airway with the
use of topical antibiotics. These have included oral
paste, oral suspensions and, sometimes, nebulized an-
tibiotics.

In some patients, aspiration of gastric secretions
may lead to aspiration pneumonia. Organisms that col-

Box 10.1. Causative organisms of hospital acquired pneumonia.

Causative organisms

S. aureus
MRSA
Streptococcus pneumoniae
Hemophilus influenzae
Klebsiella pneumoniae
Klebsiella spp.
Enterobacter cloacae
Enterobacter spp.
Pseudomonas aeruginosa
Acinetobacter
Stenotrophomonas maltophilia
Burkholderia cepacia
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onize the stomach can potentially lead to pneumonia if
they find their way into the alveoli as a result of aspira-
tion. However, the gastric reservoir hypothesis has not
been universally accepted. Isolates from gastric secre-
tion have rarely been found to cause pneumonia. Nev-
ertheless, selective digestive decontamination (SDD) of
the upper gastrointestinal tract has been used to eradi-
cate microorganisms in the stomach.

A third route of infection in the lungs is haematoge-
nous dissemination from distant sources of infection
such as the urinary tract. Prophylaxis for infections ac-
quired through this route target the initial focus of in-
fection.

The Centers for Disease Control and Prevention and
Healthcare Infection Control Practices Advisory Com-
mittee recommends several measures for prevention of
health care associated pneumonia [1]. The broad cate-
gories include staff education, microbiological surveil-
lance, prevention of transmission of organisms and
modifying the risk factors associated with infections.
Unfortunately, no definitive recommendations could
be made about systemic antimicrobial prophylaxis as
the issue remains unresolved. The two main routes for
antibiotic intervention are parenteral and topical. The
latter is aimed at decontaminating the digestive tract
that is thought to be the source of most infections.

Sirvent and colleagues [2] carried out a randomized
controlled clinical trial to study the efficacy of antimi-
crobial prophylaxis for the prevention of VAP in pa-
tients with head injury requiring more than 72 h of ven-
tilation. Fifty patients in the study group received two
1.5-g doses of intravenous cefuroxime 12 h apart while
50 patients in the control group did not receive cefuro-
xime. Twelve patients in the study group and 25 pa-
tients in the control group developed pneumonia and
the difference was statistically significant. However,
there was no overall difference in mortality between
the two groups. In another prospective trial, Krueger
and colleagues [3] studied the usefulness of antibiotic
prophylaxis with intravenous ciprofloxacin and topical
gentamicin and polymyxin applied to the nostrils,
mouth and stomach in intensive care patients. Patients
were randomized to receive either the antibiotics or
placebo. The incidence of pneumonia was significantly
lower in the antibiotic group as compared to the place-
bo group. Although the overall mortality in the two
groups was not different, significantly fewer patients
with the acute physiology and chronic health evalua-
tion (APACHE) score between 20 and 29 in the antibiot-
ic group died. However, the patients with these mid-
range APACHE scores were not randomized at study
entry and hence the study was not specifically designed
to test the role of antibiotic intervention in this subset.
In contrast to the two reports, de La Cal et al. [4] re-
ported a significant reduction not only in the incidence
of pneumonia but also in mortality rates (9.4% in pa-

tients receiving SDD compared to 27.8% in those re-
ceiving placebo) in critically ill burn patients who were
treated for SDD. The predominant finding of this study
was a reduction in the incidence of primary endoge-
nous pneumonia. The median time of onset of primary
endogenous pneumonia was 3 days and it appeared to
coincide with the sharp fall in survival rates for patients
on placebo. However, the use of broad-spectrum anti-
biotics for reasons other than treating pneumonia
could have affected the outcome of this study.

Several reports showing a favourable trend in reduc-
ing the rates of infection associated with the use of topi-
cal antibiotics have been published. Silvestri et al. [5]
studied the usefulness of oral vancomycin gel for the
prevention of MRSA pneumonia. Patients who received
oral vancomycin had a reduced incidence of secondary
lower respiratory tract infection with MRSA. However,
the number of patients in this study was relatively
small, 42 in each group. Pugin and colleagues [6] re-
ported a beneficial effect of oropharyngeal decontami-
nation with topical polymyxin, neomycin and vanco-
mycin as compared to placebo in decreasing the inci-
dence of VAP by a factor of 5 without an effect on over-
all mortality. Similar observations were made by Berg-
mans and colleagues [7]. Using topical gentamicin, co-
listin and vancomycin for oropharyngeal decoloniza-
tion, they found a beneficial effect in eradicating colo-
nization of the oropharynx in the antibiotic group as
compared to the placebo group and a second control
group that did not receive any topical medication or
placebo. However, mortality was not affected.

Liberati et al. [8] did a meta-analysis on the efficacy
of topical antibiotics and efficacy of a combination of
topical and systemic antibiotics. Seventeen trials were
included in each of the two groups. The authors conclud-
ed that a combination of topical and systemic antibiotics
led to a reduction in the incidence of pneumonia and a
significant decrease in mortality rates attributable to
pneumonia while the use of topical antibiotics reduced
the incidence of pneumonia but did not affect mortality.
Safdar and colleagues [9] did a meta-analysis to ascer-
tain the use of SDD in liver transplant patients and found
that although the incidence of gram negative infections
was reduced, there was little change in the overall inci-
dence of infection and no reduction in mortality. In an-
other recently published review [10], it was suggested
that SDD lowers mortality in settings where MRSA and
VRE are not endemic but should be considered experi-
mental in areas where these infections are prevalent.

Another method of antibiotic delivery is adminis-
tration of the drug via a nebulizer with the aim of pre-
venting biofilm formation in the lumen of the endotra-
cheal tube. Adair et al. [11] compared nebulized genta-
micin with parenteral cefotaxime or cefuroxime for
prevention of biofilm formation. Each of the three
groups comprised 12 patients. Microbial biofilms of
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common pathogens including Staphylococcus aureus,
enterococci, Enterobacteriaceae and Pseudomonas spe-
cies and related organisms were found on seven endo-
tracheal tubes in the cefotaxime group and eight in the
cefuroxime group. None of the biofilms in the gentami-
cin group contained these organisms. The authors sug-
gested that by preventing the formation of biofilms,
nebulized gentamicin might be beneficial in prevention
of nosocomial pneumonia. However, there was no di-
rect evidence to establish any clinically significant as-
sociation between decreased incidence of pneumonia
and the use of nebulized gentamicin. The numbers
compared also appear to be small.

Prophylactic use of antibiotics for a prolonged peri-
od could however be harmful. In a retrospective study
carried out by Hoth and colleagues [12], use of prophy-
lactic antibiotics for more than 48 h was associated with
later diagnosis of the first episode of pneumonia, a
higher incidence of infection with resistant gram-nega-
tive organisms and a higher likelihood of antibiotic re-
lated complications.

General recommendations for antibiotic prophylax-
is have therefore been difficult. Reports have often been
contradictory and this could be due to differences in
clinical settings, local differences in organisms and
their susceptibility profiles, and the nature of the study
designs. At the same time, one should acknowledge the
difficulty in designing such studies involving patients
who are critically ill and have a variety of illnesses
ranging in severity. Many such patients may need anti-
biotic intervention for reasons other than prophylaxis
and this could have an effect on the outcome. Moreover,
there is a possibility of a reporting bias wherein only
those studies that show a beneficial trend get reported.
Notably, benefits in prevention of pneumonia did not
translate into benefits in terms of overall survival in
most reports in the literature. However, prophylaxis
could be beneficial in a small subgroup of patients as
suggested in Krueger’s report [3] and more studies are
needed to identify such groups. In absence of reports
showing clear benefits, it is difficult to formulate guide-
lines as regards prophylactic strategies for the preven-
tion of pneumonia. These drawbacks cited above were
acknowledged in the guidelines on the management of
hospital-acquired pneumonia formulated by the joint
committee of the American Thoracic Society and Infec-
tious Diseases Society of America [13]. These guide-
lines do not recommend the routine use of systemic an-
tibiotics for the purpose of prophylaxis until more data
become available. Routine use of oral antibiotics for
SDD was also discouraged particularly in settings with
a high incidence of multidrug resistant pathogens. Oth-
ers [14] have criticized this latter verdict quoting re-
ports from various ICUs including those where the use
of SDD helped eradicate ESBL producing strains of
Klebsiella pneumoniae [15, 16].

Amidst the controversies, it is well known that ICUs
are genesis units for new antimicrobial resistant patho-
gens with implications for the whole hospital. The ini-
tial selection of multiresistant strain is due to the in-
tense high antibiotic use seen in most intensive units.
In this context a word of caution; the European strategy
for antibiotic prophylaxis survey of antibiotic use in
European ICUs showed that those units with the high-
est antibiotic use were those that routinely used SDD
(D. Monnet, personal communication). We therefore
feel that routine use of SDD should be avoided until
more robust evidence based data are available.

10.2
Catheter Related Urinary Tract Infections

Urinary tract infections secondary to catheter place-
ments are the commonest nosocomial infections en-
countered. Such infections can lead to bacteraemia that
can then seed other organ systems. The two main ob-
jectives of prophylactic strategies to prevent catheter
associated urinary tract infections are:

1. Prevention of bacteriuria
2. Prevention of complications of bacteriuria

Antimicrobial prophylaxis involves:

1. Use of catheters impregnated with antimicrobial
agents

2. Use of topical antimicrobial agents in the urinary
tract

3. Use of parenteral antibiotics

The use of silver impregnated catheters has been a mat-
ter of debate. While some studies have shown favour-
able trends in the incidence of urinary tract infections,
others have failed to show a beneficial effect. Bologna et
al. [17] reported no significant difference between
standard latex catheters and those impregnated with
silver agents. In the study reported by Riley and col-
leagues [18], the rate of bacteriuria was 11.4% in the
study group compared with 12.9% in the control group.
Staphylococcal infections were higher in patients who
had a silver impregnated catheter in place. Other stud-
ies have reported significantly lower rates of infections
with the use of silver catheters but this has not been a
consistent finding in intensive care patients. Hence, use
of such catheters is not routinely recommended. Cathe-
ters impregnated with rifampicin and minocycline
have also been used to prevent the occurrence of uri-
nary tract infection. Darouiche and colleagues [19]
conducted a trial on patients undergoing radical pros-
tatectomy. Patients were randomized to receive a sili-
cone catheter (control group) or a silicone catheter im-
pregnated with rifampicin and minocycline. At day 7
and day 14, patients in the study group had a signifi-
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cantly lower incidence of bacteriuria than those in the
control group. Johnson, Kuskowski and Wilt [20] re-
cently published the results of their systematic review
on the use of bladder catheters impregnated with anti-
microbials and concluded that such catheters can pre-
vent bacteriuria for a short duration. A comparison be-
tween the individual trials found large variability in the
magnitude of beneficial outcome.

The commonest route of entry of organisms in the
catheterized urinary tract is the space between the ure-
thral mucosa and the catheter. Use of topical agents
should theoretically decrease the risk of acquiring in-
fections through this route. In practice, however, this
effect has not been demonstrated and, in fact, has been
associated with an increased risk of infection. In a ran-
domized trial, Huth and colleagues [21] demonstrated
that application of silver sulfadiazine to the urethral
meatus had no significant effect on the rate of bacteri-
uria.

Patients often receive antibiotics for various other
reasons and this fact can diminish the chances of uri-
nary tract infection at least in the first few days of cath-
eterization. In general, use of any antimicrobial agent
solely for the purpose of preventing bacteriuria should
be discouraged as it is of unproven benefit and will in-
evitably lead to the emergence of resistant organisms.

10.3
Bloodstream Infections

Bacteraemia in patients in intensive care is usually sec-
ondary to a primary source of infection, most frequent-
ly, intravascular catheters. Catheter related bacterae-
mia has mortality in the range of 12–25% for each epi-
sode [22]. Various prophylactic strategies have been
used to decrease the incidence of catheter-associated
bacteraemia. The three widely used strategies include:

1. Use of antiseptic dressings applied on the catheter
insertion site designed to prevent the colonization
of the catheter by the organisms colonizing the
skin at the insertion site

2. Use of prophylactic antibiotic into the lumen of the
catheter as line locks

3. Use of intravascular catheters impregnated with
antiseptic or antibiotics

Antiseptic impregnated dressings have been used to
prevent colonization of the catheters but conflicting re-
ports exist as regards their efficacy. In a paediatric car-
diac intensive care setting, patients were randomized to
receive a transparent polyurethane insertion site dress-
ing (control group, N=71) or a chlorhexidine gluco-
nate-impregnated sponge dressing covered by trans-
parent polyurethane dressing (study group, N=74).
While the rate of catheter colonization was decreased in

the study group, the rate of bloodstream infection was
not different between the two groups [23]. An impor-
tant variable that could affect the outcome is the site of
catheter placement. Mimoz and colleagues [24] evalu-
ated the efficacy of chlorhexidine gluconate-benzalko-
nium chloride-benzyl alcohol solution (CBBS) with a
10% solution of povidone-iodine. The CBBS was more
effective than povidone-iodine in reducing the inci-
dence of central venous catheter induced sepsis but
there was no difference in the incidence of sepsis due to
arterial catheters.

A number of studies have assessed the use of anti-
septic or antibiotic impregnated catheters in decreas-
ing the incidence of bacteraemia. Osma and colleagues
[25] recently reported the data on use of impregnated
catheters in critically ill patients. One hundred and
thirty-three patients were randomly chosen to receive a
standard triple lumen catheter (N=69) or a catheter
impregnated with chlorhexidine and silver sulfadiazine
(N=64). The mean duration of catheter insertion was
8.9 and 11.7 days respectively. At the time of removal,
14 catheters in each group were found to be colonized.
Four cases of bloodstream infection were detected in
the antiseptic impregnated catheter group and one case
in standard catheter group. No evidence of benefit was
thus detected in this study. Others have shown a benefi-
cial effect of chlorhexidine and silver sulfadiazine-im-
pregnated catheters. Maki et al. [26] showed that these
catheters were less likely to be colonized and 5 times
less likely to give rise to bloodstream infections. The
differences in observations could be due to the length
of time for which the catheters were placed in situ.
While the median duration of catheter placement was
more than 7 days in the study carried out by Osma et
al., the average duration of catheterization was only
6 days in Maki’s study. A meta-analysis has shown that
the decrease in the risk of bloodstream infection sec-
ondary to the use of catheters impregnated with anti-
microbial agents is only seen for the first week after
catheter placement. If used for longer duration, there is
no data to suggest any benefit [27].

In patients who need long term vascular access, tun-
nelling of catheters has been a standard practice to re-
duce the rate of catheter sepsis. Darouiche and col-
leagues [28] compared the strategy of catheter tunnel-
ling with the use of antibiotic-impregnated vascular de-
vice in patients requiring long-term access. The likeli-
hood of colonization was the same in the two groups of
patients and bloodstream infection was less likely in
the antibiotic-impregnated catheter group. However,
because the antibiotic-impregnated catheters were in
place for a shorter length of time than the tunnelled
catheters (mean duration 30.2 vs. 43.8 days), a direct
evaluation of the long-term efficacy of impregnated
catheters in decreasing the risk of colonization or infec-
tion was not possible.
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In another study done in Spain, 228 patients were
randomized to receive rifampicin and minocycline im-
pregnated catheters and 237 patients received non-im-
pregnated catheters. Cultures were taken from skin at
the site of catheter insertion, catheter tip, subcutaneous
segment, catheter hub, peripheral blood and infusate.
The outcome measures included catheter related
bloodstream infection (CRBSI) and infection related
complications such as pus at the site of insertion. The
infection related complications decreased from 8.6 to
5.7 per 1,000 catheter days while CRBSI rate decreased
from 5.9 to 3.1, thus showing a favourable trend with
the use of impregnated catheters. The rate of catheter
tip colonization was 24 in the control group and 10.4 in
the antibiotic impregnated group. However, an increase
in colonization with Candida species was observed in
the latter group. The 30-day mortality was not found to
be different [29].

In a study that compared the use of chlorhexidine
and silver sulfadiazine impregnated catheters with ri-
fampicin and minocycline impregnated catheters, cath-
eter colonization was three times less likely and CRBSIs
were 12 times less likely in the latter group [30]. The use
of rifampicin and minocycline impregnated catheters
has also been found to be cost effective [31]. The de-
crease in cost has been calculated to be equal to $196
per chlorhexidine catheter used [32].

Garland et al. [33] conducted a prospective, double-
blind randomized trial to assess the benefits of using
vancomycin line locks in critically ill neonates with
newly placed central lines. The infants were random-
ized to receive either vancomycin line locks or saline
locks 2–3 times daily. Two out of 42 patients in the van-
comycin group and 13 out of 43 in the control group de-
veloped CRBSI. The difference was significant and no
cases of vancomycin resistant staphylococci or entero-
cocci were recorded. The use of vancomycin-ciproflo-
xacin-heparin and vancomycin-heparin line locks was
compared to heparin line locks alone in a group of im-
munocompromised children [34]. The use of antibiotic
containing solutions significantly reduced the compli-
cations associated with tunnelled lines.

However, there are a number of problems associated
with inferring data from these studies and making rec-
ommendations. McConnell and colleagues [35] did a
systematic analysis of the reports suggesting reduced
risk of infection associated with the use of antibiotic
impregnated catheters. The authors found several flaws
relating to study design. These included inconsistent
definitions, confounding factors (such as allowance for
exchange of catheters over a guide wire or use of thera-
peutic antibiotics through the catheters), inadequate
statistical methods and lack of clinically relevant end-
points such as overall mortality. Other drawbacks of
impregnated catheters are the risk of adverse effect due
to the antimicrobial agents. Lupus like syndrome has

been reported due to the use of minocycline [36]. A
case of anaphylactic shock has also been reported fol-
lowing the use of such catheters [37]. Emergence of re-
sistance to rifampicin and minocycline secondary to
their use in catheters has also been a matter of concern
[35] though direct evidence to this effect is lacking. The
strategy of using antibiotic line locks is usually discour-
aged because of the risk of acquiring resistant organ-
isms. Line locks can be used with some justification in
special situations such as in patients who experience
frequent episodes of catheter related bloodstream in-
fections and must have the line in place.

At present, there is not enough evidence to support
routine use of impregnated catheters or line locks for
prevention of CRBSIs. Although in theory the principle
is attractive, its use has not been convincingly demon-
strated. Until supported by unequivocal evidence, we
feel it is premature to use such catheters routinely given
the fact that there is a definite chance of emergence of
drug resistant organisms and selection of organisms
that are less susceptible to the agents used for impreg-
nating the catheters. They definitely should not be used
where the catheter is expected to be in place for less
than one week.

10.4
Antifungal Prophylaxis

Invasive fungal infections are a significant cause of
morbidity and mortality in patients in ICUs. Because of
high mortality, fewer therapeutic options and lack of
adequate data showing benefits of treatment, preven-
tion of fungal infections should be considered impor-
tant. The usual source of fungal bloodstream infections
is colonization of central venous catheters with yeasts,
and in many cases removal of the lines following colo-
nization would prevent subsequent infection. Host as-
sociated risk factors for invasive fungal infections in-
clude diabetes mellitus, use of total parenteral nutri-
tion, haemodialysis, prior use of broad-spectrum anti-
biotics [38], recurrent gastrointestinal tract perfora-
tions and acute pancreatitis [39]. The azole group of
antifungal agents are commonly used for prophylaxis
in critically ill patients. Both fluconazole and itracona-
zole have been reported to decrease the incidence of
fungal colonization and infection and decrease the
mortality attributed to fungal infection. However, ef-
fects on the overall mortality are questionable [40]. The
newer antifungal agents including the newer azoles and
echinocandins may prove to be useful in the future
[41]. In a meta-analysis of trials reported by Cruciani et
al. [42], prophylaxis with ketoconazole or fluconazole
was associated with reduced incidence of candidaemia,
reduced attributable mortality due to fungal infections
and also reduced overall mortality. However, it is often
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difficult to distinguish fungal colonization from fungal
infection and, as a result, the outcome could not be as-
certained with certainty.

Petri and colleagues [43] reported a prospective ep-
idemiological study of invasive fungal infections in pa-
tients in ICU and found that while colonization was
common (64%) invasive infection is extremely rare.
Indeed, not even a single case of Candida pneumonia
was found in 435 patients included in their report. In
the absence of any clear benefit, it should be remem-
bered that antifungal prophylaxis is associated with
significant cost, adverse effects, drug interactions,
likelihood of generating resistance, and a shift to fun-
gal species such as Candida glabrata and C. krusei that
are often resistant to commonly used azoles. Impor-
tantly, therapeutic options for resistant fungal species
are limited.

Antifungal prophylaxis may be of benefit to only a
select group of patients and such groups should be
clearly identified before instituting prophylaxis. These
may include critically ill patients with the aforemen-
tioned risk factors. Paphitou et al. [38] found that pa-
tients with risk factors had a higher rate of invasive
candidiasis than those without (16.6% vs. 5.1%). At
present, it is not recommended for general use in inten-
sive care patients. However, there is a need to differenti-
ate the use of antifungal agents for prophylaxis versus
their use as pre-emptive agents in febrile neutropenic
patients not responding to antibiotics. In such situa-
tions, pre-emptive use of fluconazole or amphotericin
in neutropenic patients may be of benefit in decreasing
mortality rates in patients with haematology malig-
nancies.
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11.1
Introduction

Candidemia and systemic candidiasis were considered
rare diseases until the 1950s, and by 1964 only 48 cases
of disseminated candidiasis had been described. En-
demic mycoses such as coccidiomycosis, blastomycosis
and histoplasmosis, described in the early twentieth
century, remained a medical curiosity for a long time.

Fungal diseases have become clinically important in
the last 3 decades and Candida has emerged as one of
the most important pathogens. In the 1970s, the inci-
dence of disseminated candidiasis was two cases per
1,000 hospital discharges. The NNIS study (USA) dem-
onstrated that the nosocomial fungal infection rate
doubled from 2.0 to 3.8 infections per 1,000 hospital
discharges from 1980 to 1990 [1]. The proportion of
nosocomial fungal infections rose from 6.4% to 10.4%
over the same period and the highest rates were found
in intensive care units (ICUs), and oncological, cardiac
surgery and especially burns wards [2]. The EPIC study
[3] showed that fungi were the fifth most frequent path-
ogen after Enterobacteriaceae, Staphylococcus aureus,
Pseudomonas aeruginosa and coagulase negative
Staphylococcus and that 17% of all ICU patients had
deep fungal infections. Although the number may be
overestimated, 50% of patients in whom fungi were
isolated were receiving antifungals, showing that the
isolation was diagnosed as being clinically significant.
Recently, Martin et al. [4] reported an increase of 207%
in the number of cases of sepsis caused by fungal or-
ganisms, from 5,231 cases in 1979 to 16,042 cases in
2000.

Candida spp. are the predominant cause of fungal
infection in critically ill patients, accounting for 85.6%
of fungal isolates in the NNIS survey and for 78% of all
fungal infections in 1990 in the USA. However, the inci-
dence of aspergillosis has also increased in the last
20 years and other fungi like Fusarium, Mucor, Tricho-
sporum and Cryptococcus are emerging as a significant
problem.

Not only is the incidence increasing but also the at-
tributable mortality of these infections is also marked,
varying in different studies from 25% to 60% [5, 6]. An

elegant study in a teaching hospital showed that the at-
tributable mortality from nosocomial candidemia was
38% [7]. Morbidity is also marked, with a median
length of stay longer than compared controls.

11.2
The Antifungal Armamentarium

There are mainly five classes of antifungal agents: allyl-
amines, flucytosine, azoles, polyene antibiotics and
echinocandins. The allylamines such as terbinafine and
griseofulvin are primarily effective against dermato-
phyte infections, so they will not be dealt with in this
chapter. The antifungal effects of azoles, allylamines
and polyene antibiotics are directed primarily against
ergosterol and its synthesis [8], as ergosterol is the
main sterol of the fungal cell membrane and has a fun-
damental function in cell proliferation. Echinocandins,
a new class of antifungals, act by inhibition of cell wall
glucan synthesis (Fig. 11.1).

Flucytosine or 5-fluorocytosine is a synthetic fluori-
nated pyrimidine which inhibits fungal DNA and RNA
protein synthesis. The enzyme cytosine permease
transports it into a susceptible cell and the enzyme cy-
tosine deaminase transforms it to either 5-fluorouracil,
which inhibits DNA synthesis, or floxuridine, which in-
hibits thymidylate synthetase. Cytosine deaminase is
present in fungal cells but not in human cells, although
the intestinal flora can convert the parent compound
into 5-fluoruracil [9–11]. Flucytosine is a fungistatic

Fig. 11.1. Action of the antifungal agents
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agent with a narrow spectrum of activity – most Candi-
da spp., Cryptococcus neoformans and some molds.
Many fungi demonstrate primary or acquired resis-
tance. Approximately 10% of Candida albicans, 20% of
Candida tropicalis and 2% of Cryptococcus neoformans
are resistant to flucytosine from the onset of treatment
with MIC above 16 mg/l [12] and the development of
resistance during treatment is common [13]. There-
fore, it should not be used as monotherapy in Candida
spp. infections. Coccidioides immitis, Blastomyces der-
matitidis and Pseudallescheria boydii are resistant to
flucytosine and Aspergillus spp. show variable suscepti-
bility [14]; acquired resistance during treatment is fre-
quent. Flucytosine may be used in combination with
amphotericin B for systemic candidiasis and crypto-
coccosis, as synergism has been described between
these two drugs [15–17], and this therapeutic combi-
nation is often well tolerated [18]. Nevertheless, there is
no conclusive proof of the benefit of this association.
Indications for its use might be: (a) in neonates, be-
cause of the 45% incidence of meningitis; (b) in en-
dophthalmitis, endocarditis, suppurative thrombo-
phlebitis or meningitis; (c) in Candida lusitaniae and
Candida glabrata infections; and (d) if the patient is
critically ill and deteriorating. There were also reports
of successful treatment of candidiasis and cryptococ-
cosis with flucytosine in combination with fluconazole
or itraconazole, but further comparative trials are re-
quired before these combinations can be advocated [12,
19].

Flucytosine is well absorbed after oral administra-
tions and similar serum concentrations are obtained
following oral and parenteral administration. Its half-
life is 3–6 h in patients with normal renal function and,
as its protein binding is only 12%, it has a high penetra-
tion into organs, body fluids and cerebrospinal fluid
[14], with tissue concentrations usually exceeding 50%
of simultaneous blood concentrations [20]. In adults
with normal renal function, an oral dose of 25 mg/kg
administered 6-hourly results in peak serum levels of
30–80 mg/l at 1–2 h [20, 21]. There is a slight accumu-
lation of the drug during the first 4 days of treatment
and then peak concentrations remain constant. Most
textbooks state that if renal function is normal, the ini-
tial dose should be 50–150 mg/kg given in four divided
doses at 6-h intervals. If there is renal dysfunction, the
initial dose should be reduced to 25 mg/kg and subse-
quent doses and intervals adjusted to achieve peak se-
rum concentrations of 70–80 mg/l and a trough of
30–40 mg/l (Table 11.1). However, these proposed
doses are based on those needed to achieve penetration
into the cerebrospinal fluid, and flucytosine at 25 mg/
kg/day at 12-h intervals should be adequate to maintain
serum levels above MIC for most susceptible Candida
[19, 22]. In small infants, as half-life is prolonged, inter-
vals should be increased to 24 h [21].

Table 11.1. Doses and dose intervals of flucytosine according to
renal function

Creatinine clear-
ance (ml/min)

Individual dose
(mg/kg)

Dose interval (h)

>40 25.0–37.5 6
20–40 25.0–37.5 12
10–20 25.0–37.5 >24

The main adverse effects consist of granulocytopenia
and thrombocytopenia, rashes and gastrointestinal
toxicity, namely nausea, vomiting and diarrhea; mild
changes in liver function occur in around 10% of pa-
tients [20]. Bone marrow suppression occurs frequent-
ly in patients with AIDS and its use should be avoided
in these patients. Myelotoxicity appears to be concen-
tration dependent, although this adverse reaction may
be due to the production of fluorouracil from enteroba-
cillary flucytosine metabolism in the gut, rather than to
parent compound [23]. The hematological and hepatic
abnormalities usually resolve if treatment is discontin-
ued; however, liver necrosis has been rarely reported in
patients receiving flucytosine as contributing directly
to death. Due to its potentially teratogenic effects, it is
contraindicated during pregnancy [11]. Serum creati-
nine must be monitored at least twice weekly and dos-
ages appropriately adjusted. Blood counts and liver
function tests must be performed regularly. Special
caution must be taken when flucytosine is used with
other nephrotoxic or myelosuppressive drugs. The use
of this drug requires facilities for monitoring serum
concentration [24], especially when used in association
with amphotericin B or in patients with renal failure
[21, 25]. Optimal and minimum serum concentrations
for efficacy are not known, but toxicity occurs when
blood levels exceed 100 mg/l for 2 or more weeks [11] or
when it is used in combination with amphotericin B
[11, 14, 26–28].

The azoles are classified as imidazoles (miconazole
and ketoconazole) and triazoles. These can be divided
into first generation (fluconazole and itraconazole) and
second generation (voriconazole, posaconazole, ravu-
conazole).

The antifungal azoles target ergosterol biosynthesis
by inhibiting the fungal cytochrome P450-dependent
enzyme, lanosterol 14- [ -demethylase. This demethyla-
tion step is dependent on the activation of cytochrome
P450, a heme protein containing one molecule of proto-
porphyrin IX, which is the terminal oxidase of the he-
patic microsomial oxidase system and has an impor-
tant role in the synthesis and degradation of many sub-
stances. The interaction of azoles with heme iron of the
cytochrome P450 inhibits the cytochrome activation
and the enzyme function with a consequent depletion
of ergosterol, the principal sterol in the fungal cell
membrane [8, 29]; this depletion results in a break-
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down of normal cellular function, increases cell mem-
brane permeability and inhibits cell replication
[30–34]. The triazoles have a greater affinity for fungal
P450-dependent enzymes than the imidazoles and thus
exhibit greater antifungal activity and a lower toxicity
profile.

The oral absorption of fluconazole is good, even al-
most complete, and, unlike itraconazole, it is not al-
tered by the presence of food or gastric acidity. There-
fore, identical serum concentrations are attained after
both oral and parenteral administration [35]. Peak
plasma concentration is related to the dose, with a line-
ar relationship [36], and occurs within 2–4 h after oral
administration [29]. After repeated dosing, serum lev-
els increase and a steady state is reached after about
14 days. Its protein binding is weak (about 12% of the
drug), 80% is excreted by the kidney in unchanged ac-
tive form and it has a prolonged half-life (20–30 h) that
allows once daily dosing [37–39]. Therefore, dosages
must be adjusted in renal failure and monitoring of se-
rum levels is recommended, trying to maintain them at
6–20 µg/ml [40]. The normal recommended dose
should be given on day one, followed by a daily dose
that should be reduced by 50% if the creatinine clear-
ance is between 11 and 50 ml/min. Dialysis removes
50% of the drug and a dose must be administered after
each dialysis [41]. Empirical fluconazole should be ad-
ministered at a daily dose of 800 mg for critically ill pa-
tients receiving continuous venovenous hemodialysis
(CVVHD) or continuous venovenous hemodiafiltrati-
on (CVVHDF) with a combined ultrafiltration and di-
alysate flow rate of 2 l/h and at a daily dose of 400 mg for
patients receiving continuous venovenous hemofiltra-
tion (CVVHF). The dose may be decreased to 400 mg/
day (CVVHD or CVVHDF) or to 200 mg/day (CVVHF)
if the species is not Candida glabrata and the flucon-
azole MIC is e 8 mg/l [42]. Fluconazole is widely and
evenly distributed throughout the body [19] with con-
stant levels achieved within 1 h [43]. It penetrates well
into cerebrospinal fluid, where drug concentration may
reach 60–80% of the serum level [44, 45]. Bone is the
place where concentrations are lowest and therefore
higher doses should be used to treat bone fungal infec-
tions and also to treat muscle and central nervous sys-
tem infections by Cryptococcus neoformans, Coccidioi-
des immitis and Histoplasma capsulatum [38, 46]. The
dosage of fluconazole is, nevertheless, still a matter of
debate: while the most widely used is 5 mg/kg/day,
some centers prefer the use of a higher dose in the criti-
cally ill patient, namely 10 mg/kg/day. This question
will be dealt with later in this chapter.

Fluconazole is a fungistatic agent active against
most Candida species, Cryptococcus neoformans, Coc-
cidioides immitis, Histoplasma capsulatum, Paracocci-
dioides brasiliensis, Sporothrix shenckii and Blastomy-
ces dermatiditis [29, 37]. It is ineffective against Asper-

gillus and Mucor species. Candida glabrata is frequent-
ly resistant to fluconazole and it has virtually no activi-
ty against Candida krusei, which has intrinsic resis-
tance to the drug [47–49]. The widespread use of flu-
conazole in repeated low-dose courses, as prophylaxis
or therapy, has resulted in acquired fungal resistance.
Fluconazole-resistant strains of Candida albicans have
become more and more common among patients with
AIDS [50, 51] and more recently in non-HIV patients
[52–54]. The SCOPE program showed that the level of
resistance of Candida albicans to fluconazole was 9.6%,
varying between 2.9% and 15.5% with geographical lo-
cation [48].

Fluconazole is generally well tolerated. Nausea and
vomiting are the most common side effects, but they
seldom cause discontinuation of treatment [11, 37]. El-
evation of hepatic enzymes occurs in a small percent-
age of individuals, but treatment should only be dis-
continued if there is symptomatic hepatitis or laborato-
ry signs of persistent hepatic dysfunction, which are
rare [11, 29, 55–57]. Stevens-Johnson syndrome has
been described in AIDS and cancer patients, although a
causal relationship has not been clearly established.
The drug should be discontinued if bullous lesions or
erythema multiform develop [21, 43]. Azoles interfere
with the elimination of drugs metabolized by the he-
patic cytochrome P450. The sedative effect of midazo-
lam, the anticoagulant effect of warfarin, the hypogly-
cemic effect of sulfonylureas, the anticonvulsant effect
of phenytoin and carbamazepine and the effects of the-
ophylline, cisapride and cyclosporine may be increased
by the azoles; on the other hand rifampicin accelerates
clearance of fluconazole (Table 11.2) [21, 43, 58, 59].

Itraconazole is a weak base and requires an acid en-
vironment for absorption. Absorption after oral ad-
ministration is variable and incomplete and its hepatic
excretion is complex, particularly in the critically ill pa-
tient [60]. Serum concentrations are markedly lower
when gastric acid is reduced and capsules are used. Ab-
sorption is enhanced if we use liquid formulation or if
we use an acid agent such as a cola beverage with the
capsules [21]. Unfortunately, it has only recently been
approved for parenteral use. Doses used range from
200 mg to 400 mg/day. Peak plasma concentration after
a 200-mg dose averages 0.3 µg/ml and it is three to five
times higher after 7–10 days of treatment. In other
words, serum levels may take up to 1 week to reach
therapeutic levels and that is why a load dose should be
used and serum levels should be monitored, knowing
that good levels are above 2 µg/ml and ideal levels
above 8 µg/ml [61]. The half-life is dependent on the
dose and duration of administration and varies from 15
to 42 h [62]. Ninety-nine percent of the drug binds to
proteins [37] and, unlike fluconazole, it penetrates very
poorly into cerebrospinal fluid [63], although tissue
concentrations in the brain, kidney, liver, lung and skin
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Table 11.2. Drug interactions of antifungal agents

Antifungal Drugs Effect

Ampho-
tericin B

Aminoglycosides Nephrotoxicity
Cyclosporin Nephrotoxicity
Corticosteroids Hypokalemia/long QT
Astemizole Hypokalemia/long QT
Terfenadine Hypokalemia/long QT
Digoxin Hypokalemia/long QT

Flucon-
azole and
itracona-
zole

Cisapride Arrhythmia
H1 receptor antagonism Arrhythmia
Aminophiline Arrhythmia
Cyclosporin Nephrotoxicity
Lovastatin Rhabdomyolysis
Astemizole Drug increased levels
Carbamazepine Drug increased levels
Tacrolimus Drug increased levels
Triazolam Drug increased levels
Warfarin Drug increased levels

Flucon-
azole

Sulfonylureas Drug increased levels

Phenytoin Drug increased levels
Rifampicin Drug increased levels
Rifabutin Drug increased levels
Midazolam Drug increased levels
Tacrolimus Drug increased levels
Saquinavir Drug increased levels

Itraco-
nazole
(Itra)

Busulfan Drug increased levels
Calcium channel blockers Drug increased levels
Digoxin Drug increased levels
Midazolam Drug increased levels
Rifampicin Drug increased levels
Vincristine Drug increased levels
H2-receptor antagonism Itra diminished

absorption
Proton pump inhibitors Itra diminished

absorption
Sucralfate Itra diminished

absorption
Rifampicin Itra diminished levels
Phenobarbitone Itra diminished levels
Phenytoin Itra diminished levels

Vorico-
nazole

Cyclosporin Drug increased levels
Tacrolimus Drug increased levels
Warfarin Drug increased levels
Statins Drug increased levels
Benzodiazepines Drug increased levels
Calcium channel blockers Drug increased levels
Sulfonylureas Drug increased levels
Protease inhibitors Drug increased levels
Rifampin Voriconazole

diminished levels
Carbamazepine Voriconazole

diminished levels
Long-acting barbiturates Voriconazole

diminished levels
Terfenadine Voriconazole

diminished levels
Cisapride Voriconazole

diminished levels
Phenytoin Voriconazole

diminished levels
Omeprazole Voriconazole

increased levels
Non-nucleotide RTI Voriconazole

increased levels

are two to five times greater than in plasma [64]. It has
the ability to reach high intracellular concentrations,
particularly in the immune cells, namely the alveolar
macrophages [65]. It is metabolized by the liver and ex-
creted in the feces; therefore no drug adjustments are
necessary in renal failure and dialysis does not remove
the drug [11, 66]. Severe infections should be treated
with a loading dose of 300 mg twice daily for 3–4 days,
followed by 200–400 mg/day. Its use in critically ill pa-
tients is, however, hampered by the absence, until very
recently, of a parenteral formulation [67].

Itraconazole is a fungistatic agent active against As-
pergillus species [68]; European studies report re-
sponse rates of 63–70% for aspergillosis and the re-
sponse is better in pulmonary than in disseminated as-
pergillosis. It is also active against many Candida spe-
cies, and isolates that are resistant to fluconazole are
not necessarily cross-resistant to itraconazole [69],
such as is the case with some Candida krusei and Can-
dida glabrata [47]. However, strains of Candida spp.
which are highly resistant to fluconazole often have re-
duced susceptibility to itraconazole and even the newer
azoles, as the SCOPE program has shown [48, 70, 71].

Itraconazole is also well tolerated, but can cause
nausea, vomiting, abdominal discomfort and epigas-
tric pain, constipation, dizziness, pruritus and allergic
rashes. These effects are usually self-limited [21, 43].
Hypokalemia may occur after prolonged therapy and
hepatic function should be monitored as plasma trans-
aminase elevation may occur. At high doses, hyperten-
sion has been described. It is contraindicated in pa-
tients with known hypersensitivity to azole derivatives
or with severe hepatic impairment and in pregnancy
[21]. Drug interactions are similar to those described
for fluconazole and are summarized in Table 11.2.

Recently, a second generation of azoles was intro-
duced into clinical practice. Voriconazole, posaconazo-
le and ravuconazole are the three main new triazole
drugs to be introduced in this family of antifungals.

Voriconazole has demonstrated a broad-spectrum
in vitro activity against numerous isolates of Candida
spp., Cryptococcus neoformans, Scedosporium spp., Tri-
chosporon spp., Aspergillus spp. including amphoteri-
cin B resistant clinical isolates, Blastomyces dermatiti-
dis, some Fusarium isolates, Coccidioides immitis and
Histoplasma capsulatum. It was also found to have
good in vitro activity against dermatophytes. It is inac-
tive against Mucor and Rhizopus.

The recommended IV dose is 6 mg/kg every 12 h for
two doses, then 4 mg/kg every 12 h. Once oral medica-
tion can be tolerated by the patient, the oral formula-
tion should be administered (200 mg every 12 h for pa-
tients weighing over 40 kg and 100 mg every 12 h for
patients weighing less). Voriconazole may be adminis-
tered orally or as an intravenous infusion over 1–2 h
[72]. The oral bioavailability is approximately 96%.
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Following oral administration, peak plasma levels are
reached in 1–2 h. Peak concentrations and area under
the curve are reduced by 34% and 24%, respectively,
when the drug is administered with high-fat meals. The
absorption of oral voriconazole is not dependent upon
gastric pH. It is metabolized by the cytochrome P450
system and the majority of the metabolized drug is ex-
creted in the urine. Voriconazole exhibits moderate
binding to plasma proteins, estimated as 58% [73]. Tis-
sue and CSF levels exceed those of trough plasma levels
severalfold [72].

In patients with mild to moderate hepatic insuffi-
ciency, a single oral dose of voriconazole resulted in in-
creases in AUC approximately 3.2 times higher than in
normal subjects; therefore, after the standard loading
dose, only half of the recommended maintenance dose
should be used in these patients. There are no data
available in patients with severe hepatic impairment
[73]. No dose adjustment is necessary for oral adminis-
tration of voriconazole in patients with renal dysfunc-
tion. However, cyclodextrin, the vehicle of the intrave-
nous formulation, will accumulate in patients with
moderate renal insufficiency. Therefore, the intrave-
nous formulation should not be used in patients with a
creatinine clearance rate <50 ml/min [73] or for pa-
tients receiving any form of renal replacement therapy
[42]. Although oral formulations are not contraindi-
cated, there are few data about dosing for patients re-
ceiving continuous renal replacement therapy [74] and,
on the basis of pharmacokinetics data, no dose reduc-
tion is recommended in these patients [42].

As a cytochrome P450 inhibitor, voriconazole is sub-
ject to many drug interactions. Concomitant use of
drugs such as rifampin, carbamazepine, long-acting
barbiturates, cisapride, rifabutin, terfenadine and aste-
mizole is contraindicated [72]. Voriconazole increases
plasma concentrations of cyclosporin, tacrolimus war-
farin, statins, benzodiazepines, calcium channel block-
ers, and sulfonylureas. Omeprazole and non-nucleo-
tide reverse transcriptase inhibitors may inhibit vor-
iconazole metabolism and consequently increase se-
rum levels (Table 11.2).

Visual disturbances, including blurring and photo-
phobia, occurred in at least 20% of subjects in clinical
studies of voriconazole. These reactions were transient
and typically resolved in spite of continued voriconazo-
le. Patients should be cautioned to avoid driving at
night while taking voriconazole and, as photosensitivi-
ty has occurred with voriconazole, patients should be
advised to stay out of strong, direct sunlight while on
voriconazole. The other most common adverse events
in clinical trials were fever, nausea, vomiting, chills and
abnormal liver function tests. Adverse reactions occur-
ring rarely during the infusion of voriconazole includ-
ed flushing, fever, diaphoresis, tachycardia, dyspnea,
dizziness, nausea, pruritus and rash [73]. Serum levels

should be below 6 µg/ml at day 3 to avoid serious side
effects.

Ravuconazole is structurally similar to fluconazole
and is only available in an oral formulation. It has a
long terminal half-life of approximately 100 h [75–77]
and has been well tolerated in single doses of 800 mg/
day and 400 mg/day for up to 14 days, with headache
being the most reported adverse event [76]. Ravucona-
zole has a broad spectrum of activity against pathogen-
ic fungi including Aspergillus spp., Candida spp., Cryp-
tococcus neoformans and Trichosporon spp. [77–82].
The activity of ravuconazole against Candida spp. was
comparable to that of voriconazole, with the exception
of Candida glabrata where ravuconazole is less active
[82].

Posaconazole, an analogue of itraconazole, has a
good oral bioavailability and an estimated half-life of
22 h [83]. In vitro studies demonstrate that posacona-
zole has a broad spectrum activity against Aspergillus
spp., Candida spp., including strains resistant to flu-
conazole, Cryptococcus neoformans, Trichosporon spp.,
Zygomycetes and dermatophytes [82, 84–86]. It seems
to be ten times more potent than itraconazole against
Aspergillus spp.

Amphotericin B is a polyene naturally recovered
from Streptomyces nodosus in 1953 and commercially
available since 1956. It binds to ergosterol, the principal
sterol in the membrane of susceptible fungal cells,
causing impairment of membrane barrier function,
loss of cell constituents, metabolic disruption and cell
death. In addition to its membrane permeabilizing ef-
fects, the drug can cause oxidative damage to fungal
cells [12, 87]. It has minimal cutaneous or mucosal ab-
sorption, namely minimal absorption from the gastro-
intestinal tract. After intravenous administration, lev-
els are proportional to the dose and rate of infusion.
Peak serum concentrations are 1.2 and 2.4 mg/ml after
intravenous administration of 0.5 and 1 mg/kg, respec-
tively, and the peak mean serum concentrations in-
crease when the infusion rate is increased [88, 89]. Its
metabolism is complex. Plasma initial half-life is 24 h
but elimination half-life reaches 15 days. After 12 h, less
than 10% remains in the blood; it is widely distributed
in tissues, mainly to the liver (24–41%), lungs (2–6%),
kidney (0.6–2%) and spleen (0.7–1.6%) and much less
to adipose tissue or muscle. It is slowly degraded and
plasma levels remain detectable 7–8 weeks after treat-
ment is stopped and the drug has been detected for lon-
ger than 1 year in liver, kidney and spleen. Serum con-
centrations do not reflect tissue concentrations and se-
rum and tissue concentrations have an unclear rela-
tionship to either toxicity or efficacy – therefore mea-
suring drug levels is rarely of clinical value [90]. Protein
binding is high (90–95%), it enters serous cavities, but
penetration into cerebrospinal fluid is poor [43]. Only a
small part of the compound is eliminated through the
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kidneys and biliary tract; therefore renal or hepatic im-
pairment has little effect on serum drug levels and dial-
ysis does not modify blood levels [11]. As it is not a wa-
ter-soluble compound, a carrier must be used for clini-
cal use. In its conventional form, deoxycholate and a
buffer are added to amphotericin B, producing a colloi-
dal suspension dispersion suitable for intravenous ad-
ministration when suspended in a 5% glucose solution
[91].

Amphotericin B may be fungistatic or fungicidal,
depending on the concentration obtained and the sus-
ceptibility of the fungus, but it has the widest spectrum
of activity amongst all the antifungals, with a fungicid-
al effect against Candida species, Aspergillus species,
Blastomyces dermatidis, Coccidioides immitis, Crypto-
coccus neoformans, Histoplasma capsulatum, Paracoc-
cidioides brasiliensis and Sporothrix schenckii. It is ef-
fective in certain forms of mucormycosis, hyalophomy-
cosis and phaeohyphomycosis, but often ineffective in
pseudallescheriasis and trichosporonosis and some fu-
sariosis. Treatment failure attributable to the develop-
ment of amphotericin resistance is rare. Candida lusi-
taniae is resistant to amphotericin B [92] and resistant
strains of Candida guillermondii, Candida tropicalis
and Candida krusei, with alterations in the cell mem-
brane, including reduced amounts of ergosterol, have
been isolated during treatment. Susceptibility to am-
photericin B varies among Aspergillus species, being
less in Aspergillus terreus [93]. However, overall emer-
gence of resistance during treatment is rare [12, 13]. It
has been the drug of choice for severe invasive fungal
infections in the last 30 years due to its very broad fun-
gicidal activity against Candida spp. and Aspergillus
spp. [22, 94]. In clinical studies, response rates were
55% for Aspergillus spp., 55–65% for Candida spp. and
75% for Cryptococcus neoformans [7, 95]. Candida
with higher MIC to amphotericin B are difficult to treat
and one should aim for serum levels of 1–2.5 µg/ml
[13].

Adverse effects of amphotericin B deoxycholate may
be divided into infusion-related or acute and dose-re-
lated or late (Table 11.3). The peak frequency of fever,
rigors and other infusion-related reactions, caused by
production of TNF and PgE by macrophages [96], oc-
curs on the 1st to 3rd day of therapy and subsequently
declines, generally subsiding after 1 week of therapy
even without treatment [97, 98]. Longer infusion times
are associated with a reduction in the incidence of infu-
sion-related toxicities. Normochromic, normocytic
anemia accompanies most 2–3 week courses of am-
photericin B, with a decrease in hematocrit by as much
as 35%, occurring secondary to decreased production
of erythropoietin rather than to diminished bone mar-
row production; this effect is reversible when the drug
is discontinued [99]. Nephrotoxicity is the most signifi-
cant toxic effect of amphotericin B administration; and

about 80% of the patients receiving the drug show
some degree of renal impairment, although it is gener-
ally reversible, especially in those submitted to a cumu-
lative dose higher than 0.5–1 g, with sodium depletion,
older than 30 years old, with abnormal baseline renal
function and under other nephrotoxic drugs [100]. It
manifests as azotemia, decreased urinary concentra-
tion ability, renal tubular acidosis, symptomatic hypo-
kalemia or renal magnesium wasting [101]. Signs of
nephrotoxicity usually occur within the first 4 days of
starting a course of treatment. An adequate assessment
of patients before, during and after therapy may help
reduce this toxicity [102]. Preventive measures consist
of: avoiding salt depletion, use of concomitant antibiot-
ics with sodium salts, loading with 0.9% saline prior to
infusion of amphotericin B [101] and use of pentoxifyl-
line [103]. Monitoring for increased serum creatinine,
hypokalemia and hypomagnesemia should occur daily
during the first weeks of therapy. Nephrotoxicity is usu-
ally reversible by increasing sodium loading, reducing
dose, increasing dosing interval with total dose reduc-
tion or temporarily suspending the treatment when se-
rum creatinine reaches approximately 3 mg/dl. Recom-
mendations for the prevention and management of
nephrotoxicity are summarized in Table 11.4. Interac-
tions of the drug are shown in Table 11.2.

Due to these adverse effects, the maximal tolerable
dose of amphotericin B deoxycholate is usually
0.6–1.0 mg/kg/day. Although recent work suggests the
efficacy of lower dose regimens of 0.3–0.7 mg/kg/day
[104, 105], there is also the knowledge that the maximal
tolerable doses may sometimes be suboptimal for clini-
cal success. Pharmacy has tried to resolve this problem
by combining amphotericin in lipid-based formula-
tions to reduce the toxicity of the conventional com-

Table 11.3. Adverse effects of amphotericin B

Frequency Dose-related Infusion-related

Common Renal failure (30%) Fever (30–90%)
Kaliuria Rigors (30–75%)
Magnesuria Nausea (4–60%)
Anemia Vomiting

Diarrhea

Uncommon Bronchospasm Headache
Hypotension Thrombophlebitis

Myalgia
Arthralgia

Rare Asystole
Bradycardia
Thrombocytopenia
Neutropenia
Malignant hyperthermia
Ventricular fibrillation
Acute liver failure
Seizures
Flushing/rash
Hearing loss
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Table 11.4. Recommenda-
tions for the prevention and
management of amphoteri-
cin B nephrotoxicity

Dose test 1 mg amphotericin B
Infuse test dose over 10–30 min without premedication

Mainte-
nance dose

250–1,000 ml normal saline prior to infusion
Infusion 0.5–1.0 mg/kg in 0.1 mg/ml D5%W
Do not use solutions containing electrolytes
Administer entire desired maintenance dose on first day
Circumstances for gradual dose escalation:

Test dose reaction
History of prior amphotericin intolerance
Suboptimal cardiopulmonary function
Renal impairment
Indolent fungal disease

Options if creatinine increases:
Increase sodium loading
Increase dosing interval with total dose reduction
Temporary suppression of treatment (if serum creatinine & 30 mg/l)

Duration Infuse daily dose over 1 h if <0.9 mg/kg and Cr Cl <25 mg/min
Infuse daily dose over 2 h if & 1 mg/kg
Infuse daily dose over 4–6 h if Cr Cl >25 mg/min or hyperkalemia

Medications Premedicate for first three doses or 1 week; if no reactions omit
– Fever: hydrocortisone 25–50 mg IV/infusate or acetaminophen, paraceta-

mol or ibuprofen
– Nausea: diphenydramine 25–50 mg PO or IV
Add 1,000 U heparin for infusion through peripheral line
Meperidine 25–50 mg IV every 15 min ×3, as needed for rigors
If rigors are predictable, add meperidine 20–30 min before infusion

pound, especially nephrotoxicity, as they do not con-
tain deoxycholate, which is responsible for direct tubu-
lar toxicity [106–110]. Three formulations have been
developed that differ in the way amphotericin B inter-
acts with the lipid and therefore have different proper-
ties, but all can be given at doses significantly higher
than amphotericin deoxycholate with fewer side effects
[111, 112]. The lipid compounds are less toxic, equally
less nephrotoxic and with maximum tolerated doses
higher than that of amphotericin B deoxycholate [25].
Moreover, nephrotoxicity is less common with the lipid
compounds as renal function may be improved or sta-
bilized when they are substituted [25, 113]. This is par-
ticularly important in critically ill patients who are sus-
ceptible to many other causes of renal failure, like trau-
ma, sepsis, drugs, etc. Nevertheless, the doses recom-
mended for the three formulations are: amphotericin B
lipid complex (5 mg/kg/day), amphotericin B colloidal
dispersion (4 mg/kg/day) and liposomal amphotericin
B (1–3 mg/kg/day). Remember that when equivalent
doses are compared with conventional amphotericin B,
concentrations in serum lipid formulations are lower,
probably because of accumulation in the liver and in
the spleen [114]. In spite of the lack of a properly con-
trolled trial comparing these formulations with the
parent compound, preclinical and clinical studies sug-
gest that lipid-based formulations are likely to be as ef-
fective as conventional amphotericin B [25] and their
adverse events are the same but significantly rarer, es-
pecially nephrotoxicity. In addition, 40–60% of the pa-
tients in which fungal infection was refractory to am-

photericin B deoxycholate may respond to lipid-based
formulations.

The pharmacokinetics of the lipid-based amphoteri-
cin B formulations are related to its molecular struc-
tures. Amphotericin B lipid-complex is rapidly and sig-
nificantly taken up by the reticuloendothelial system,
resulting in lower plasma levels and higher tissue pene-
tration, namely in the lungs, liver and spleen, than con-
ventional amphotericin B; in other words it has a lower
area under the curve and higher volume of distribution
[108, 110, 115, 116]. The lower plasma levels partially
justify the lower incidence of nephrotoxicity of this
compound [109]. It is well tolerated and infusion-relat-
ed side effects, such as chills, fever, nausea and tremor,
are the most frequent adverse events [113, 117].

Plasma levels of amphotericin B colloidal dispersions
are also lower than those of deoxycholate, but a fair pro-
portion are rapidly taken up by phagocytosis by the liv-
er, which acts as a reservoir that slowly releases the drug
[118]. Lung tissue concentrations are lower than those of
amphotericin B lipid complex [119]. The incidence of
nephrotoxicity is also lower than for deoxycholate am-
photericin B [120] and the incidence of hepatotoxicity is
also low [121]. The most frequent adverse events are in-
fusion-related, namely fever and chills, with a frequency
that justifies pre-medication [122–124].

The small size of liposomal amphotericin B mole-
cule leads to a low reticuloendothelial uptake, low dis-
tribution into tissues and therefore higher plasma and
area under the curve levels [107]. It is well tolerated,
with a low nephrotoxicity and a very low incidence of
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infusion-related side effects. The most frequent adverse
events are hypokalemia and increase in liver enzymes
[125]. A recent randomized, double-blind, multicenter
trial showed that liposomal amphotericin B is as effec-
tive as deoxycholate amphotericin B for empirical anti-
fungal therapy in patients with fever and neutropenia
and it is associated with fewer breakthrough fungal in-
fections, less infusion-related toxicity and less nephro-
toxicity [126]. A study by Walsh et al. showed that doses
of 7.5–15 mg/kg/day of liposomal amphotericin B were
safe and well tolerated.

The three lipid formulations have a reduced propen-
sity for causing toxicity but, considering positive but
limited efficacy data and cost, should be reserved for
special situations that are discussed below or for sec-
ond line therapy [127]. They were shown to be as effec-
tive as the conventional compound, but there are no
controlled, randomized studies available comparing
the three preparations [116, 128] and the articles pub-
lished addressing this issue reached no conclusion and
lack consistency [129].

The new antifungal echinocandins (caspofungin,
micafungin, anidulafungin) are inhibitors of the fungal
cell wall q -(1,3)-D-glucan synthetase enzyme complex.
They have a large molecular weight and this presum-
ably explains their poor oral absorption; therefore they
should only be used intravenously. As they have a half-
life of 10–18h h, once a day usage is appropriate. The
precise degradation pathways are not fully understood,
but almost all drug is degraded by non-oxidative path-
ways in the liver, and the metabolites, which have no
antifungal activity, are excreted in the bile and feces.
Therefore there is no need to adjust the dose in patients
with renal impairment. On the other hand, a reduced
dose should probably be given to patients with signifi-
cant hepatic dysfunction (50% daily dose after a stan-
dard loading dose) [130]. None of the compounds can
be dialysed, and so no adjustment is necessary for pa-
tients who need renal replacement treatment [131].
They are concentrated in the liver, spleen and gut, are
present in equal concentrations in plasma and lung and
in lower concentrations in other tissues, such as urine,
cerebrospinal fluid and vitreous.

The echinocandin antifungal spectrum is restricted
to Candida spp. and Aspergillus spp. with few excep-
tions. They are not active at clinically relevant concen-
trations against Zygomycetes, Cryptococcus neofor-
mans, Fusarium spp. and Trichosporon spp. [131]. All
three compounds are fungicidal in vitro and in vivo
against most isolates of Candida spp. and fungistatic
against Aspergillus spp. [131]. Minimum inhibitory
concentrations of all three are much lower than for am-
photericin B and fluconazole against all common Can-
dida spp. except Candida parapsilosis and Candida gu-
illermondii, for which they are similar. Interestingly,
echinocandins have a postantifungal effect [131].

They are highly active against Pneumocystis carinii
but have only modest activity against Coccidioides im-
mitis, Blastomyces dermatididis, Scedosporium spp., Pa-
ecilomyces variotii and Histoplasma capsulatum.

The adverse events and toxic effects of the echinocan-
dins are few. The most frequent adverse effects are: head-
ache (3% with micafungin and about 15% with caspo-
fungin), fever (arises in about 35% of the patients treated
with caspofungin [132–134]), hepatotoxicity, phlebitis,
histamine release and hemolysis (clinically significant
hemolytic anemia seems to be rare in clinical studies).

Since echinocandins are poor substrates for the cy-
tochrome P450 enzymes and are not substrates for in-
testinal or tissue P-glycoprotein, fewer drug interac-
tions are described. Slight increases in caspofungin
clearance have been seen with powerful inducers of in-
hibitors of hepatic metabolism, such as efavirenz, phe-
nytoin, nevirapine, nelfinavir, carbamazepine and
dexamethasone, so a slight increase in daily dose of ca-
spofungin (70 mg/day) is appropriate [131]. A slightly
reduced exposure to tacrolimus (20%) was seen with
coadministration of caspofungin, and monitoring of
tacrolimus concentrations is recommended [135]. Cyc-
losporin and caspofungin seem to interact, resulting in
raised caspofungin concentrations but no change in
cyclosporin serum levels [131]. No interactions were
noted with other antifungals such as itraconazole and
amphotericin B [136].

No drug interactions have been described with mi-
cafungin and other highly protein-bound compounds
including warfarin, diazepam, salicylic acid and meth-
otrexate. Results of a combination study of anidulafun-
gin and cyclosporin in healthy volunteers showed a
slight increase in exposure to anidulafungin [131].

Other antifungal strategies may also be useful. Im-
munomodulators may be important adjuncts for the
therapy of invasive mycosis. This is not a surprise, as it
is well known that both adequate number and function
of granulocytes and intact cell-mediated immunity are
essential to a good outcome. In the prophylactic set-
ting, the American Society of Clinical Oncology recom-
mended that G-CSF and GM-CSF should be used in pa-
tients with more than a 40% chance of acquiring a fun-
gal infection [137]. Another study showed that in non-
neutropenic patients with acute traumatic brain injury
and cerebral hemorrhage the prophylactic administra-
tion of G-CSF was associated with decreased risk of
bacteremia, but did not alter the incidence of other nos-
ocomial infections, length of stay or mortality in this
patient group [138]. In the therapeutic setting, some in
vitro studies have proven that G-CSF, GM-CSF and in-
terferon gamma may be better than the first two recom-
binant cytokines in their ability to improve immune
function against fungi [139]. These agents may there-
fore be used in persistently neutropenic patients with
proven severe fungal infection [140].
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11.3
Therapy of Fungal Infections

Candida spp. cause the huge majority of fungal infec-
tions, approximately 85%. Other fungi, namely Asper-
gillus, Mucor, Fusarium, Trichosporum and Cryptococ-
cus are also a cause of infection in the ICU, but usually
in the immunocompromised patient [95].

The gold standard of diagnosis for Candida spp. in-
fection is the presence of positive blood cultures and
histological evidence from culture of tissue sample ob-
tained from at least one internal organ, but most diag-
noses are based on presumptive criteria and clinical
suspicion is undoubtedly the key to diagnosis and to an
adequate therapeutic decision. The Candida genus in-
cludes more than 150 species and 11 of them have al-
ready been isolated in the human. Although Candida
albicans remains the most prevalent species, there has
been a clear shift towards non-albicans species [48, 71,
141], namely Candida tropicalis, Candida parapsilosis,
Candida krusei (particularly in neutropenic patients)
and Candida glabrata (especially in patients with solid
tumors). Six multicenter surveys showed that 42–50%
of systemic fungal infections were caused by non-albi-
cans species [71, 142–146]. The SENTRY, epidemiology
and fungal susceptibility programs performed in the
USA, Canada and South America demonstrated that
47% of the candidemias were caused by non-albicans
species and that Candida parapsilosis, Candida glabra-
ta and Candida tropicalis caused almost 40% [70]. A
species very similar to albicans has also been de-
scribed, first in oropharyngitis in HIV patients and
more recently in HIV negative patients: Candida dubli-
niensis [147]. This increase in the incidence of non-al-
bicans Candida species in the ICU is in part due to the
pressure caused by the frequent use of fluconazole
[148–155]. This shift has enormous clinical and thera-
peutic relevance as some species show some particular-
ities. For instance, Candida tropicalis shows a higher
invasive capacity as 50–60% of the colonized patients
develop disseminated candidiasis; Candida parapsilo-
sis is associated with total parenteral nutrition and with
central venous catheter infection by this species is often
not preceded by colonization and it may be less suscep-
tible to killing by amphotericin B; Candida lusitaniae
[156] may be resistant ab initio or easily develops resis-
tance to amphotericin B and, less often, to fluconazole;
Candida glabrata is commonly resistant to fluconazole
or resistance may emerge; Candida krusei is virtually
always intrinsically resistant to this drug and Candida
dubliniensis is sometimes resistant to fluconazole but
susceptible to other azoles.

Aspergillus is an important pathogen in the neutro-
penic patient and in all those receiving immunosup-
pressive treatment for cancer or transplantation. It may
also cause disease in HIV-infected patients and in pa-

tients with chronic obstructive pulmonary disease,
bronchiectasis, lung carcinoma, sarcoidosis or tuber-
culosis or in patients who were submitted to long-term
corticotherapy [20, 157–160].

Mucormycosis (zygomycosis) is seldom seen in nor-
mal patients, as the major risk factors are uncontrolled
diabetes mellitus, other forms of metabolic acidosis,
burns and malignant hematological disorders [12, 20].
Fusarium spp. are increasingly recognized as a cause of
infection in neutropenic cancer patients and burns and
trauma patients [20]. Disseminated trichosporonosis
was reported in bone marrow and solid organ trans-
plants, in neutropenic hematological oncological pa-
tients after chemotherapy and in AIDS patients; local-
ized deep infections may occur in immunocompetent
patients as a complication of cataract extraction, inser-
tion of prosthetic heart valves, intravenous drug abuse,
peritoneal dialysis and topical steroid treatment [20,
161]. Pseudallescheria infection may occur in patients
with structural lung disease, immunosuppression and
following trauma [20, 162]. Cryptococcus neoformans
can cause disease in normal individuals, but a high pro-
portion of human infections occur in immunocompro-
mised patients, especially in persons with impairment
of T-cell mediated immunological function, such as the
HIV patient [12, 20].

11.4
When To Start Antifungal Therapy

As the diagnosis is difficult and usually presumptive,
deciding when to start antifungal therapy is problemat-
ic and, given the high morbidity and mortality associ-
ated with fungal infections, the British Society of Anti-
microbial Chemotherapy Working Party analyzed the
four broad approaches to the use of antimicrobial ther-
apy: prophylaxis, pre-emptive therapy, empirical ther-
apy and definitive therapy [49].

Prophylaxis is not indicated in the ICU or in the sur-
gical setting and concerns about the selection of less
susceptible Candida spp. have limited this approach
[22, 49]. Safran [156] showed that 22% of the patients
in a surgical ICU treated with fluconazole had second-
ary fungal infections frequently resistant to fluconazole
and this finding was associated with high mortality
(44% vs. 9%). Even the use of antifungal agents, to-
gether with antibacterial agents, as oral nonabsorbable
antimicrobials to decontaminate the gastrointestinal
tract did not prove to result in any difference in survival
in trauma patients and patients under prolonged me-
chanical ventilation [163, 164]. Nevertheless, although
not recommended in the ICU setting, prophylaxis may
be beneficial in a subgroup of patients at high risk of in-
fection [165], such as the neutropenic, the bone mar-
row transplant, the lung transplant with history of fun-
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gal infection and the fulminant liver failure or liver
transplant recipient patient [94, 165]. For all these
cases, fluconazole is the drug of choice and it should be
used for the least time to prevent the selection of azole-
resistant organisms.

Pre-emptive therapy is the treatment of individual
patients thought to be at high risk of developing deep
candidiasis, identified by clinical or laboratory markers
to prevent the disease. The British Working Party does
not recommend this approach as there is no proof of its
value [22, 49, 94], but they consider that patients at par-
ticular high-risk might be considered for this kind of
therapy [49]. Some studies showed that subsets of criti-
cally ill patients in which the incidence of fungal infec-
tions is particularly high might benefit from the use of
pre-emptive therapy. Such is the case for patients with
extensive burns [166], patients on extracorporeal mem-
brane oxygenation systems or on left ventricular assist
devices [167, 168], patients with pancreatitis or those
submitted to gastrointestinal surgery [164]. Eggimman
et al. showed in a randomized, prospective, double-
blind, placebo-controlled study that fluconazole may
prevent colonization and invasive intra-abdominal
Candida infections in high-risk surgical patients [169].

Empirical therapy is the treatment of patients
thought to have established deep candidiasis without
microbiological, histological or serological confirma-
tion. As fungal diagnosis is difficult, empirical therapy
is and will continue to be necessary on some occasions.
The Working Party proposed the following indications
for empirical therapy: (a) clinically unstable or deterio-
rating premature neonate with skin breaks from which
Candida has been grown or positive urine microscopy
or culture for yeast was found; (b) candiduria in high-
risk patients with deteriorating clinical status; and (c)
patients with prosthetic valve endocarditis likely to be
due to Candida even with negative blood cultures [49].
Some authors suggest that anti-Candida therapy
should also be started in patients with peritonitis
caused by intestinal perforation below the duodenum,
especially in cancer patients, immunosuppressed pa-
tients, when the perforation was not diagnosed for
more than 24 h, was hospital-acquired or occurred in
patients with unstable conditions, hepatic cirrhosis or
pancreatitis or required a second unplanned abdomi-
nal surgery [165]. Antifungal therapy is also frequently
started empirically in burnt patients with skin inva-
sion, candiduria in certain clinical settings (Table 11.5),
two or more sites colonized by Candida in a high-risk
patient and persistent fever unresponsive to broad-
spectrum antibiotics in a high-risk patient.

The neutropenic patient is an example of these high-
risk patients. Amphotericin B deoxycholate is the stan-
dard agent in refractory neutropenic fever. The use of
liposomal amphotericin B and itraconazole in this set-
ting were also approved by the FDA. Recently, Walsh et

Table 11.5. Candiduria plus any of these conditions should be
considered high probability of invasive candidiasis and there-
fore a reason for antifungal therapy

Candiduria plus: Piuria
Pseudo-hyphae in urine
Fever and signs of pyelonephritis
Tubular casts with Candida
Persistent candiduria even after changing
urinary catheter
Candida tropicalis
Candida in other sites
Abdominal and urological surgery or
procedure
Liver or renal transplant
Diabetes mellitus

al. [170] showed in a large, prospective, randomized,
multicenter, open-label study that voriconazole did not
fulfil the protocol-defined criteria for noninferiority to
liposomal amphotericin B for empirical antifungal
therapy in patients with neutropenia and persistent fe-
ver (26% vs. 30.6%). Indeed, in high risk patients, vor-
iconazole was similar to liposomal amphotericin B.
This second generation azole was superior in reducing
breakthrough fungal infections (1.9% vs. 5%), infusion
related toxicity and nephrotoxicity. Hepatotoxicity was
similar in both groups. Voriconazole use was also asso-
ciated with a reduction in mean duration of hospital-
ization by 1 day in all patients and by 2 days in high risk
patients and this difference was statistically significant.
Voriconazole, according to this data, seems to be a suit-
able alternative to amphotericin B for empirical anti-
fungal therapy in refractory neutropenic fever.

Caspofungin was compared to liposomal amphoteri-
cin B in this setting in a large, prospective, randomized,
multicenter, double-blind study published by Walsh et
al. [171] 2 years ago. Caspofungin was as effective as am-
photericin B concerning the overall favorable response
(33.9% vs. 33.7%), but in a high risk population caspo-
fungin did better than amphotericin B although the dif-
ference was not statistically significant (43.2 vs. 37.7%).
The authors observed a significantly higher rate of suc-
cessful treatment of baseline fungal infections with the
use of caspofungin. No difference was found concerning
breakthrough fungal infection and resolution of fever in
the setting of neutropenia. Caspofungin seems to be an
effective alternative to the standard treatment and gen-
erally better tolerated, but at a much higher cost when
compared to amphotericin B deoxycholate.

Definitive therapy is the treatment of established
deep candidiasis, which requires microbiological or his-
tological evidence of fungal infection. The diagnosis of
deep candidiasis is established by any of these: (a) at
least one positive blood culture in an at risk patient or
with acute clinical signs and symptoms compatible with
the infection; (b) Candida isolated from any sterile site
except urine; (c) positive yeast microscopy from a ster-
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ile specimen; and (d) histological evidence of yeast or
mycelial forms in tissue from at risk patients [49].

There are few cases in which antifungal therapy is
started as definitive therapy. What usually happens in
the intensive care setting is that you have to identify the
patients at risk of developing fungal infection. The con-
ditions associated with an increased risk [2, 172–174]
are stated in Table 11.6. Candida colonization typically
precedes infection with genotypically, identical Candida
strains. Thus the Candida reservoir is clearly endoge-
nous and colonization is an independent risk factor and
also a prerequisite for Candida infection [175, 176]. Pit-

Table 11.6. Conditions associated with an increased risk of
Candida infection

Immunosuppressive therapy
HIV infection
Malignancy
Major surgery, especially abdominal
Trauma
Burns
Malnutrition
Solid or bone marrow transplant
Neutropenia
High severity score
Hepatic dysfunction
Peritonitis
Acute pancreatitis
Advanced age
Broad spectrum antibiotics (number and duration)
Total parenteral nutrition
Mechanical ventilation
Hemodialysis
Invasive procedures
Long stay in the ICU

Fig. 11.2. Algorithm for
empirical antifungal therapy

tet et al. proposed the “Candida colonization index” to
identify patients who should be put under early antifun-
gal therapy [175]. The index is the ratio of the number of
non-blood distinct sites colonized by Candida spp. to
the total number of sites cultured and it was shown to
predict the development of candidemia. A threshold
& 0.5 accurately identified the infected patients. One

must therefore maintain a high level of clinical suspi-
cion for all these at risk patients in order to identify pa-
tients at an early stage with suspected fungal infection.
In the face of clinical suspicion the following steps must
be taken: (a) reassess risk factors for Candida infection;
(b) assess the intensity of Candida colonization; (c)
perform two sets of blood cultures per day on two con-
secutive days; (d) obtain cultures of all relevant speci-
mens, according to the clinical scenario, namely respi-
ratory specimens, urine, cerebrospinal fluid, wound,
etc.; (e) exclude other possible causes of fever: (f) per-
form chest teleradiography or chest CT scan if there is
suspicion of fungal pneumonia; and (g) assess sites of
hematogenous dissemination: endophthalmitis (optic
fundus examination) and septic thrombophlebitis.

11.5
Which Antifungal Agent?

The choice of the antifungal for empirical therapy of
candidiasis is based on the condition of the patient,
namely immune status and hemodynamic condition,
and the species of Candida that is colonizing that spe-
cific patient or is more prevalent in that particular unit.
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Fig. 11.3. Algorithm for definitive antifungal therapy

In hemodynamically stable patients, not colonized by
Candida glabrata or Candida krusei and who were not
previously treated with azoles and in units where these
species are not prevalent, fluconazole may be used. If
one of these conditions is not satisfied, amphotericin B
or caspofungin should be preferred (Fig. 11.2).

The choice of the antifungal agent for definitive
therapy is based on the identity of the fungus and the
condition of the patient (Fig. 11.3). The currently avail-
able systemic antifungal agents useful in the intensive
care setting are amphotericin B (deoxycholate and lipid
formulations), fluconazole, caspofungin and voricona-
zole, while itraconazole and flucytosine are less often
useful and used.

In the past, patients with candidemia thought to
have a low risk of developing a disseminated candidia-
sis were left untreated. This was based on the belief that
Candida was a “benign pathogen” and that candidemia
was often transient, beliefs that were defended in the
late 1960s [177, 178]. Clinical practice proved this strat-
egy to be wrong and Candida spp. to be a serious path-
ogen with high morbidity and mortality. Our capacity
to determine prognostic signs or to predict patients
with candidemia that would progress to disseminated
candidiasis is poor; in fact, retrospective studies have
shown an error rate of around 30% in defining a popu-
lation of candidemic patients who do not require treat-
ment [179]. Besides, less toxic antifungals and ways of
decreasing the toxicity of amphotericin B were devel-
oped. All this generated the clear consensus that all
candidemia should and must be treated [180]. Ta-
ble 11.7 summarizes the therapeutic strategies for Can-
dida fungal infections.

At least four studies [181–184] showed that, in sta-
ble non-neutropenic patients, fluconazole may be con-
sidered as an alternative to amphotericin B for first-line
therapy of candidemia [165], unless it is caused by flu-
conazole-resistant yeasts like Candida krusei or Candi-
da glabrata or if the patient had previously been or is at
the moment under fluconazole or any other azole ther-
apy. Fluconazole showed the same efficacy but was sig-
nificantly better tolerated and produced a lower inci-
dence of nephrotoxicity, namely in the Rex et al. study
[184], the largest study of candidemia in non-neutrope-
nic patients that compared fluconazole 400 mg/day
with amphotericin B 0.6 mg/kg/day. Similar results
were found in the neutropenic cancer patient [181];
side effects occurred in 5–12% for fluconazole and in
35–44% for amphotericin B. According to these re-
sults, fluconazole could be considered as the drug of
choice for Candida infection, but this conclusion must
be treated with caution as the number of non-albicans
species, namely those intrinsically resistant and those
with acquired resistance to fluconazole, are increasing
[94, 144]. Fluconazole is clearly the best agent in two
specific situations: infections caused by Candida lusita-
niae [185] and urinary tract candidiasis, due to its high
urinary concentrations [49], while penetration of am-
photericin B into the urine is poor. Candiduria is a fre-
quent problem in the ICU, but the majority of cases do
not require any treatment apart from catheter and oth-
er urinary tract prosthetic materials change or removal
[186, 187]; this measure is highly successful, 87–93% at
8 weeks, in clearing funguria [188]. Nevertheless, fun-
guria may also be an early marker of disseminated
infection in the critically ill patient [189]. Table 11.5
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Table 11.7. Therapeutic strategies for Candida infection in the ICU

Infection Agent of choice Alternative

Candidemia Fluconazole 400–800 mg/day or Caspofungin
amphotericin B 0.5–1.0 mg/kg/day

Candidemia in neutropenic
patient

Amphotericin B 0.7–1.0 mg/kg/day or Fluconazole 6–12 mg/kg/day
Liposomal amphotericin B 3–6 mg/kg/day or
caspofungin

Endophthalmitis Amphotericin B 1.0 mg/kg/day ± flucytosine Fluconazole 400–800 mg/day
Endocarditis Amphotericin B 1.0 mg/kg/day ± flucytosine Fluconazole 6–12 mg/kg/day or

Liposomal amphotericin B 3 mg/kg/day
or caspofungin

Meningitis Amphotericin B 1.0 mg/kg/day ± flucytosine Fluconazole 400–800 mg/day
Suppurative phlebitis Amphotericin B 0.5–1.0 mg/kg/day ± flucytosine Fluconazole 400–800 mg/day
Osteomyelitis/arthritis Amphotericin B 0.5–1.0 mg/kg/day Fluconazole 6 mg/kg/day
Pericarditis Amphotericin B 0.5–0.7 mg/kg/day Fluconazole 400 mg/day
Peritonitis and intra-abdomi-

nal infection
Fluconazole 200–400 mg/day or Amphotericin B 0.5–1.0 mg/kg/day
Caspofungin

Esophagitis Fluconazole 200 mg/day on 1st day →100 mg/day Itraconazole 200 mg/day or
Voriconazole 4 mg/kg/day or
caspofungin or
amphotericin B 0.3–0.7 mg/kg/day

Wound infection Fluconazole 400 mg/day Amphotericin B 0.5–0.7 mg/kg/day
Cystitis Fluconazole 200 mg/day
Pyelonephritis Fluconazole 200–400 mg/day Amphotericin B 0.3–0.7 mg/kg/day
Oropharyngeal Fluconazole 100–200 mg/day Itraconazole 200 mg/day

summarizes the conditions and situations in which we
treat candiduria [190, 191], using catheter change and
fluconazole 200–400 mg/day. If candiduria is persistent
after this, we use irrigation with 5–10 mg of amphote-
ricin B with an intravesical dwell time of 2 hours, once
or twice daily for 2 days. Bladder irrigation is more ef-
fective when the drug concentration is 50 mg/l rather
than 10 mg/l [192].

The use of caspofungin for invasive candidiasis was
compared with amphotericin B by Mora-Duarte et al.
[139]. In this study, caspofungin showed a significantly
higher response rate than amphotericin B (80% vs.
65%), particularly if the patient had intra-abdominal
abscesses (75 vs. 33%). Caspofungin performed better
than amphotericin B in non-albicans Candida infec-
tions and the authors registered a similar rate of relapse
6–8 weeks after treatment. Fewer side effects were ob-
served with the use of caspofungin (2.8 vs. 16.5%), in-
cluding nephrotoxicity and hypokalemia. According to
these results, caspofungin seems to be a good alterna-
tive to amphotericin B for invasive candidiasis, with
fewer side effects but more costly.

In non-albicans Candida infections, a recent study
[140] showed a better, although not statistically signifi-
cant, response with caspofungin than amphotericin B.
These results, in addition to those from the Mora-Duar-
te et al. [139] study, raise the possibility that caspofun-
gin can be considered the first choice for non-albicans
Candida infections.

There is limited experience with voriconazole for in-
vasive candidiasis. In a comparative, randomized, mul-
ticenter study published by Kullberg et al. [137], vor-
iconazole was shown to be non-inferior to a regimen of

amphotericin B followed by fluconazole in the treat-
ment of candidemia in non-neutropenic patients, with
successful outcome in 41% of patients in both groups.
Additionally, clearance of Candida from the blood-
stream with voriconazole was as rapid as with ampho-
tericin B. More patients on voriconazole failed treat-
ment before the end due to adverse events, especially
those that were not drug-related, but there were signifi-
cantly fewer serious adverse events and cases of renal
toxicity in the voriconazole group than in the amphote-
ricin B/fluconazole group. For Candida albicans, Can-
dida parapsilosis and Candida glabrata, successful re-
sponse rates were similar between both groups, but for
Candida tropicalis (32% vs. 6%) and for Candida kru-
sei (25% vs. 0%), the proportion of patients respond-
ing to voriconazole was substantially higher. Voricona-
zole was also tested in a small group of patients (n=52)
with invasive candidiasis refractory or intolerant to
other antifungals [193]. In this study, voriconazole
showed an overall response rate of 56% and the re-
sponse rates by species were generally similar among
the different Candida spp., notably in patients infected
with Candida krusei (70%). There were no differences
in response related to previous azole exposure, and tox-
icity associated with voriconazole use was similar to
other studies. Although there is limited data, voricona-
zole provides an important new treatment option for
candidemia.

In esophagitis, peritonitis, wound infection and py-
elonephritis by Candida, fluconazole may be the pre-
ferred drug. There are, however, some doubts about the
optimal dose of fluconazole, namely 5 mg/kg/day or
10 mg/kg/day. A study by Graninger et al. [194] showed

112 11 Antifungal Therapy in the Intensive Care Unit



higher cure rates when the higher dose was used: 83%
vs. 60%. Some authors recommend that treatment
should be started with a higher dose, for instance
600–800 mg/day IV, for 3 days and then followed by
400 mg/day IV or orally [22]. Although 5 mg/kg/day is
the usual dose, at least patients on hemodiafiltration
and catabolic patients should receive a higher dose
[194–196]. A higher dose should also be used for cata-
bolic patients. It is worth mentioning the fact that flu-
conazole has also been shown to be effective in the
treatment of chronic disseminated candidiasis, even af-
ter prior amphotericin B therapy and that it can be use-
ful for maintenance therapy after response to amphote-
ricin B therapy [197, 198]. In the liver transplant set-
ting, as the azoles, through their effect on hepatic mic-
rosomial function, inhibit the metabolism of cyclo-
sporine and tacrolimus, doses of fluconazole should be
limited to 200–400 mg/day and safety and efficacy of
these doses in this setting have been demonstrated, in-
cluding in patients with severe allograft dysfunction
[199, 200].

Amphotericin B should be preferred in any clinically
unstable, deteriorating patient, in patients with high-
grade candidemia or in patients with hematogenous
deep-organ infections, like severe endophthalmitis,
suppurative phlebitis, endocarditis, pericarditis, osteo-
myelitis and meningitis. It may be used alone or in as-
sociation with flucytosine [19, 49, 94, 165, 201], but the
use of this agent requires facilities for monitoring se-
rum concentrations and seems to be only justified in
patients with high-grade persistent fungemia or per-
haps with infection in sites where penetration of am-
photericin B is far from ideal such as vegetations, me-
ninges and vitreous. In the case of endophthalmitis,
amphotericin B IV is usually enough, but if lesions are
expansive or close to the macula, flucytosine should be
added; consultation with an ophthalmologist is manda-
tory in all cases and in large, progressive or symptom-
atic lesions the use of 5 mg amphotericin B intravitreal
and partial vitrectomy may be needed and may even be
sight-saving procedures. There are very few data on the
efficacy of azole treatment for hematogenous candidal
endophthalmitis, although its use is documented in 96
patients and 108 eyes with a response rate of about
90%, with 200–400 mg/day of fluconazole for
6–8 weeks [202], and some series also suggest its effi-
cacy [203, 204]. However, two animal studies [205, 206]
and one clinical study [207] have shown less satisfacto-
ry results.

During the past 2 decades, invasive aspergillosis has
emerged worldwide as an important cause of nosoco-
mial and community-acquired infection among a wide
spectrum of immunocompromised patients, including
patients undergoing cancer chemotherapy, hematopoi-
etic stem-cell transplantation (HSCT), or solid-organ
transplantation and patients with advanced HIV infec-

tion. The overall mortality rate for invasive aspergillo-
sis remains dramatically high, approaching 90% in
populations of profoundly immunocompromised pa-
tients.

The therapeutic options available to treat invasive
aspergillosis are limited to a small arsenal of antifungal
compounds. For the past 4 decades, deoxycholate am-
photericin B has been considered to be the standard an-
tifungal agent for treatment of invasive aspergillosis in
severely immunocompromised patients. Several recent
studies have indicated that the overall response rate to
treatment is less than 40% and may be as low as
10–15% among patients undergoing allogenic HSCT.
However, the usefulness of deoxycholate amphotericin
B is hampered by dose-limiting nephrotoxicity and
acute infusion-related toxicity.

The lipid formulations of amphotericin B are associ-
ated with less toxicity at higher dosages; however, their
overall efficacy at current therapeutic dosages may be
similar to that of deoxycholate amphotericin B in the
primary treatment of invasive aspergillosis. They
should, however, be used in patients infected by fungi
with high MICs to amphotericin B, such as Mucorales,
Fusarium and most Aspergillus. These forms have, as
we have stated before, a higher therapeutic index, ow-
ing to reduced toxicity and to organ distribution, re-
sulting in targeting the drug to the reticular endothelial
system and sites of inflammation, such as liver, spleen
and lung [208]. Although the clinical significance of the
difference in the tissue distribution of several com-
pounds is not totally known, it seems to be an impor-
tant treatment outcome. For instance, using lipid com-
plex amphotericin B obtains the highest concentration
in the lung [209]. Recently a large study showed that pa-
tients with life-threatening mycosis were successfully
treated with lipid complex amphotericin B (5 mg/kg/
day) after failure of or intolerance to the conventional
formulation [113]. In a randomized, multicenter study
in neutropenic patients with documented or suspected
fungal infections, liposomal amphotericin B (5 mg/kg/
day) was superior to amphotericin B (1 mg/kg/day) in
terms of efficacy and safety [128].

Voriconazole is another option in the treatment of
invasive aspergillosis. Herbrecht et al. [210] demon-
strated in a large, randomized, unblinded, multicenter
study comparing voriconazole and deoxycholate am-
photericin B, that initial treatment with voriconazole
led to better responses (52.8% vs. 31.6%) and im-
proved survival (70.8% vs. 57.9%). Voriconazole-treat-
ed patients had significantly fewer severe drug-related
adverse events. Four more studies showed that vorico-
nazole was associated with a significant percentage of
success (45–58%) as salvage or primary therapy for in-
vasive aspergillosis.

The role of caspofungin in the treatment of invasive
aspergillosis was assessed by Kartsonis et al. [211] in a
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Table 11.8. Therapeutic strategies for non-Candida fungal infections in the ICU

Infection Agent of choice Alternative

Invasive acute aspergillosis Voriconazole or Voriconazole + caspofungin
Liposomal amphotericin B 5 mg/kg/day Amphotericin B + caspofungin

Cerebral aspergillosis Voriconazole Liposomal amphotericin B 5 mg/kg/day

Aspergillus invasive sinusitis Liposomal amphotericin B 3–5 mg/kg/day Voriconazole

Cryptococcus meningitis Amphotericin B 0.7 mg/kg/day ± flucytosine Fluconazole 400–800 mg/day

Cryptococcus meningitis in
AIDS

Amphotericin B 0.7 mg/kg/day + flucytosine
100–150 mg/kg/day or liposomal amphotericin B
5 mg/kg/day (6 weeks)

Amphotericin B 0.7 mg/kg/day
(2 weeks) → fluconazole 400 mg/day
(8 weeks) then 200 mg/day or flucon-
azole 800 mg/day

Pulmonary cryptococcosis Amphotericin B 0.5–0.7 mg/kg/day Fluconazole 400 mg/day (4–6 weeks)

Mucormycosis Complex lipid or liposomal amphotericin B
& 5 mg/kg/day (8 weeks) + reversion predisposing

conditions + aggressive surgery

Fusarium Complex lipid or liposomal amphotericin B
5 mg/kg/day

Voriconazole

Trichosporonosis Fluconazole 800–1,200 mg/day Complex lipid or liposomal amphoteri-
cin or voriconazole

Pseudallescheria infection Voriconazole Fluconazole 800–1200 mg/day or itra-
conazole

Scedosporium infection Voriconazole

non-comparative, small, open label, multicenter study
with 48 patients with invasive Aspergillus spp. infection
refractory or intolerant to deoxycholate amphotericin
B or a lipid formulation. Forty percent of the patients
refractory to at least one antifungal agent and 27% of
the patients refractory to multiple antifungal agents re-
sponded favorably. Most of the patients (80%) intoler-
ant to a polyene exhibited a favorable response. Some
case reports confirmed that caspofungin seems to be an
effective and well tolerated alternative for the salvage
treatment of invasive aspergillosis [212, 213].

Table 11.8 describes the therapeutic strategies for
non-Candida fungal infections. Amphotericin B is the
drug of choice for almost all these infections except
pseudallescheriosis and perhaps trichosporonosis. In
fact, amphotericin B resistant Trichosporon beigelii has
been described and Pseudallescheria boydii is often re-
sistant to that drug. However, the lipid formulations re-
sult in better tissue distribution in liver, spleen and
lungs than deoxycholate and therefore may be active
against infections where effective concentrations of
amphotericin B are not readily achievable, such as
those caused by Aspergillus spp., Fusarium spp. and
Mucorales.

Although in vitro studies indicated some antago-
nism between fluconazole and amphotericin B [214],
this effect may not be relevant in vivo [215] and, al-
though there are no definitive data to support combi-
nation therapy, it has been used by some in severely
acutely ill patients with systemic mycosis and septic
shock or even in transplant patients [20, 215].

The results of in vitro studies and animal models
suggest that combination therapy with azoles and echi-
nocandins may have additive activity against Aspergil-
lus species. For instance, in an experimental invasive
pulmonary aspergillosis model, the association of ra-
vuconazole with micafungin was studied by Petraitis et
al. [216]. This combination led to a significant reduc-
tion in mortality, residual fungal burden and serum ga-
lactomannan antigenemia. Interestingly, no toxicity
was observed with the echinocandin-triazole combina-
tion.

Marr et al. [217] evaluated the outcome of patients
with aspergillosis who experienced failure of initial
therapy with amphotericin B formulations and re-
ceived a combination of voriconazole and caspofungin
(n=16 patients) for salvage therapy which was associ-
ated with an improved 3-month survival rate. Accord-
ing to these results, the authors claimed that random-
ized trials are warranted to validate this association as
primary treatment of invasive aspergillosis.

11.6
When To Stop Antifungal Therapy?

The duration of therapy is also a matter of debate. For
the most severe invasive mycosis it should be at least
4 weeks [49]. In severe forms, in very critically ill pa-
tients it should be even longer, around 8 weeks, al-
though the intensity of dosing can often be decreased
after the first 2 weeks of therapy [49]. For hematoge-
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     Ampho B 
 Voriconazole(2nd line) Caspofungin(2nd line) 

nous candidiasis, immunosuppressed patients should
be treated for at least 10–14 days and immunocompe-
tent patients for at least 5 days after the disappearance
of all symptoms and signs of infection [20]. In the neu-
tropenic, it must be continued throughout the duration
of neutropenia. In the case of endophthalmitis, therapy
must be continued until at least 10 days after the ocular
lesion has resolved [19]. The rate of visceral seeding
following candidemia in solid organ transplant recipi-
ents is significantly higher than that for the general
population, exceeding 50% at some centers, and there-
fore therapy must be continued for at least 2 weeks after
the last positive blood culture and clinical response has
occurred [165].

Maintenance of therapy is only indicated in patients
with persistent presence of foreign material infected
with Candida which cannot be removed, such as vascu-
lar grafts, artificial joints or ventriculoperitoneal
shunts. In the case of impossibility of removal, lifelong
therapy with antifungal agents should be performed,
usually with fluconazole 100–200 mg/day. If the agent
is resistant to fluconazole, intermittent amphotericin B
or itraconazole should be used, depending on suscepti-
bility tests. However, patients with candidemia should
be followed for at least 3 months after the initial epi-
sode, as most late complications occur during this peri-
od [218, 219].

11.7
Conclusions

The antifungal armamentarium has recently been en-
larged by a new triazole and a new class of drugs – the
echinocandins. Two new triazoles and two new echino-
candins will soon be entering the clinical arena.

We now have drugs that act on several sites of fungal
structure and metabolism: (1) inhibition of nucleic ac-
id synthesis, (2) the cytoplasmic membrane, and (3)
the fungal cell wall.

This variety of antifungal drugs allows us to individ-
ualize the choice of therapy for invasive fungal infec-

Fig. 11.4. Algorithm of selection of the antifungal drug

tions, based on: (1) the infecting pathogens; (2) host
factors, such as organ dysfunction and immune status;
(3) toxicity profile of the drug; and (4) concurrent
drugs.

Figure 11.4 summarizes an algorithm of selection of
the antifungal drug.
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12 Dose Adjustment and Pharmacokinetics
of Antibiotics in Severe Sepsis and Septic Shock
J.A. Roberts, J. Lipman

12.1
General

Prescription of antibiotics in critically ill patients is a
complex process that requires ongoing patient health
evaluation to account for the dynamic sepsis disease
process. Pathophysiological changes such as organ dys-
function, fluid shifts and altered immune status are
common, and are able to reduce the efficacy of anti-in-
fective treatments. Throughout this chapter, dosing of
antibiotics that are commonly used in critically pa-
tients with sepsis or septic shock will be discussed. The
importance of knowledge of the pharmacokinetic and
pharmacodynamic principles of each class will be dis-
cussed, and how to optimise these parameters and
therefore augment patient responses.

12.1.1
Sepsis

The older definitions of sepsis [1] (a systemic inflam-
matory response syndrome (SIRS) triggered by an
overwhelming infection) have recently been refined
[1, 2]. Severe sepsis occurs upon failure or dysfunction
of at least one organ. Septic shock is defined by hypo-
tension in the setting of severe sepsis which is unre-
sponsive to fluid resuscitation. While much research
has been directed at cellular targets to limit the associ-
ated inflammatory and coagulation cascades including
interleukins, cytokines and tumour necrosis factor-al-
pha (TNF- [ ) [3], none of these interventions have
been found to be as important or effective as optimal
antibiotic therapy [3–8]. However, the appropriate
prescription of antibiotics requires a detailed knowl-
edge of the pathophysiological and subsequent phar-
macokinetic changes that occur throughout the course
of sepsis [9, 10].

12.1.1.1
Pathophysiological Changes in Sepsis That Can Affect
Drug Distribution

Brief Pathophysiology of Sepsis Without Organ
Dysfunction

The pathogenesis of sepsis appears highly complex [2,
3, 11, 12]. Endotoxins from bacteria or fungi stimulate
the production of various endogenous mediators [13].
These mediators may affect the vascular endothelium
directly or indirectly, resulting in either vasoconstric-
tion or vasodilatation with maldistribution of blood
flow, endothelial damage and increased capillary per-
meability. This capillary leak syndrome results in fluid
shifts from the intravascular compartment to the inter-
stitial space [14, 15] which is known as ‘third spacing’.
This would increase the volume of distribution (Vd) of
water-soluble drugs which decreases their serum drug
concentration.

Increased Creatinine Clearance in Critically Ill
Patients Without Renal Dysfunction

Patients often present with hypotension from the in-
flammatory response associated with sepsis. Standard
initial management involves administration of intrave-
nous fluids to elevate blood pressure. If hypotension
persists, inotropic agents (some of which may be “ino-
constrictors”) are prescribed. It is therefore not sur-
prising that patients with sepsis often have higher than
normal cardiac indices [11, 16, 17]. In the absence of
significant organ dysfunction, often there is an in-
creased renal preload and consequently increased cre-
atinine and drug clearance [18–20].

Previous studies have reported that critically ill pa-
tients with normal serum creatinine levels may have
high creatinine clearance [21, 22]. This phenomenon is
most likely to result from the clinical interventions
used to reverse hypotension as described above. The
implications of the high creatinine clearance, which is
probably related to high renal (and hepatic) blood flow,
will result in supranormal clearance of renally cleared
drugs. This increase in clearance is the major reason for
the different dosing requirements between ICU and
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Fig. 12.1. Schematic representation of the
basic pathophysiological changes that
can occur during sepsis and their subse-
quent pharmacokinetic effects

non-ICU patients [23, 24]. A similar scenario probably
occurs for hepatically cleared antibiotics.

Pathophysiology of Sepsis Causing Organ
Dysfunction

As sepsis progresses, significant myocardial depression
can occur which leads to a decrease in organ perfusion
[16]. Myocardial insufficiency and abnormalities of the
macrovascular circulation are compounded by failure of
the microcirculation. This induces end-organ microvas-
cular alterations which may progress to multiple organ
dysfunction syndrome (MODS) [25]. This often includes
renal and/or hepatic dysfunction. There is a consequent
decrease in antibiotic clearance, which prolongs elimina-
tion half-life and may increase antibiotic concentrations
and/or lead to the accumulation of metabolites [26].

Figure 12.1 schematically identifies the pharmacoki-
netic changes that can occur due to the altered patho-
physiology during sepsis.

Determining Renal Function in Critically Ill Patients
with Sepsis

Accurate knowledge of renal function is a critical factor
in drug and antibiotic dosing as most antibiotics are
primarily eliminated by this means. If renal dysfunc-
tion occurs in a critically ill patient with sepsis, calcula-
tion of the efficiency of the kidney can be problematic.
Accepted norms for calculating creatinine clearance (as
a marker of renal function) in ‘normal’ ward patients
such as the Cockroft-Gault method [27] and the Modi-
fied Diet in Renal Disease (MDRD) study [28] have
been reported to lose their accuracy in critically ill pa-
tients [29]. As such, the most effective way to calculate
renal function remains using either an 8-, 12- or 24-h
creatinine clearance collection [30–32]. If acute renal
failure occurs such that the patient needs intermittent

haemodialysis or continuous renal replacement thera-
py (CRRT), a new variable is introduced. Chapter 13
discusses the altered dosing of antibiotics that is neces-
sary in these patients.

12.1.2
Applied Clinical Pharmacology

To achieve ‘ideal’ treatment of an infection, it is neces-
sary to optimise the possible interactions between the
host, the pathogen, and the antibiotic [33]. This task be-
comes more difficult in critically ill patients, where rec-
ommended antibiotic regimens have been derived from
volunteer studies or other patient groups who were not
critically ill. Therefore, consideration of the effect of the
pathophysiological changes, caused by sepsis, on the
pharmacokinetic and pharmacodynamic parameters of
the antibiotic is necessary. Further, since the physiology
of these patients may change over a relatively short peri-
od of time, ongoing evaluations of sickness severity are
indicated to allow timely adjustment of antibiotic dosing.

12.1.2.1
Pharmacokinetic Considerations

Pharmacokinetics (PK) refers to the study of concentra-
tion changes of a drug over a given time period. The pri-
maryPKparametersof importance toantibiotics include:

) Volume of distribution (Vd)
) Clearance (CL)
) Half-life (T1/2)
) The peak serum concentration achieved by a single

dose (Cmax)
) The lowest concentration during a dosing period

(Cmin)
) The area under the serum concentration time

curve (AUC).
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These factors can be used to determine whether appro-
priate concentrations of the antibiotic are being deliv-
ered to the target area [34].

12.1.2.2
Pharmacodynamic Considerations

Pharmacodynamics (PD) relate PK parameters (mea-
sures of drug exposure) and pharmacologic effect [35].
For antibiotics, PD parameters relate the PK factors to
the ability of the antibiotic to kill or inhibit the growth
of the infective organism. This interaction can be re-
ferred to as “pharmacokinetics-pharmacodynamics”
but will be termed “pharmacodynamics” (PD) here. PD
parameters include:

) The time for which a drug’s serum concentration
remains above the minimum inhibitory concentra-
tion (MIC) for a dosing period (T>MIC)
) The ratio of the maximum serum antibiotic con-

centration (Cmax) to MIC (Cmax/MIC)
) The ratio of the area under the concentration time

curve during a 24-h time period (AUC0–24) to MIC
(AUC0–24/MIC) (see Fig. 12.2).

Pharmacodynamically, the rate and extent of an antibi-
otic’s bactericidal activity is dependent on the interac-
tion between drug concentrations at the site of infec-

Fig. 12.2. Pharmacokinetic
and pharmacodynamic pa-
rameters of antibiotics on a
concentration vs. time curve

Table 12.1. Pharmacodynam-
ic properties that correlate
with efficacy of selected anti-
biotics

Antibiotics Aminoglycosides Fluoroquinolones q -Lactams
Metronidazole Aminoglycosides Carbapenems
Fluoroquinolones Azithromycin Linezolid
Telithromycin Tetracyclines Erythromycin
Daptomycin Glycopeptides Clarithromycin
Quinupristin/dalfopristin Tigecycline Lincosamides

Quinupristin/dalfopristin
Linezolid

PD kill
characteristics

Concentration-dependent Concentration-dependent
with time dependence

Time-dependent

Optimal PD
parameter

Cmax: MIC AUC0–24: MIC T>MIC

tion, bacterial load, phase of bacterial growth and the
MIC of the pathogen [34]. It follows that a change in any
of these factors will affect the PD profile of the antibiot-
ic against a particular pathogen and may affect the out-
come of therapy. Developing dosing regimens that
maximise the rate of response in patients with sepsis is
important for accelerating patient recovery and mini-
mising the development of antibiotic resistance [34,
36]. Effective antibiotic therapy is essential to optimise
patient outcomes [5–8, 37].

12.1.3
Kill Characteristics of Different Antibiotic Classes

Pharmacodynamically, different antibiotic classes ap-
pear to have different types of kill characteristics on
bacteria (Fig. 12.2, Table 12.1). An understanding of
these pharmacodynamic properties is important as it
enables appropriate dose adjustment for unique pa-
tient cases.

These kill characteristics have been determined
from in vitro studies and describe the PK measure-
ments that represent optimal bactericidal activity [34].
The q -lactam group of antibiotics have a time-depen-
dent (or concentration-independent) kill characteristic
with T>MIC the best predictor of efficacy [38]. As
such, maintaining the concentration of these antibiot-
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ics above the MIC of the infective pathogen will ensure
optimal efficacy. In contrast, aminoglycosides have a
concentration-dependent (or time-independent) kill
characteristic where effect is determined by Cmax/MIC
[39]. Fluoroquinolones are more complex, and were
initially reported to be Cmax/MIC dependent, although
subsequent studies have also found that AUC0–24/MIC
is important [40, 41] (Table 12.2). The pharmacody-
namic parameters associated with efficacy for other an-
tibiotics are described in Table 12.1.

Table 12.2. General PK characteristics of various antibiotics and possible changes that can occur during fluid shifts in critically ill
patients

Antibiotic
class

Vd (l/kg) Increased
Vd with
fluid shifts?

Decreased
Cmax with
fluid shifts?

Serum T1/2
(h)

Protein
binding

Altered CL
in sepsis?

TDM required?

Aminoglyco-
sides
[69, 249, 250]

0.2–0.3 (con-
sistent with
extracellular
water)

Yes Yes 2–3 Low Varies propor-
tionately with
renal function

Yes – to ensure
high Cmax and ad-
equate CL [78, 98,
99] [96, 97, 100]

q -Lactams
[22, 23, 104,
105, 251, 252]

Variable but
consistent
with extra-
cellular water

Yes Yes 0.5–2
(except
ceftriaxo-
ne [102])

Low (except
ceftriaxone
and oxacil-
lin)

Varies propor-
tionately with
renal function
(some excep-
tions)

No

Carbapenems
[140]

Variable but
consistent
with extra-
cellular water

Yes Yes 1 (except
ertapenem
4 h)

Low (except
ertapenem)

Varies propor-
tionately with
renal function

No

Vancomycin
[163]

0.2–1.25
(consistent
with extra-
cellular water)

Yes Yes 4–6 30–55% Varies propor-
tionately with
renal function

Yes – to ensure
serum trough
concentrations
>15 mg/L [164]

Teicoplanin
[165–167]

0.9–1.6 Yes Yes 80–160 90% Varies propor-
tionately with
renal function

Yes – to ensure
therapeutic
concentrations
reached

Tigecycline
[206, 207, 253]

7–10 Unlikely Unlikely 37–66 73–79% May decrease
with cholestasis

No

Quinupristin/
dalfopristin
[224, 254, 255]

quinupristin
= 0.45 dalfo-
pristin = 0.24

Yes Yes 1.3–1.5 quinupristin
(23–32%)
dalfopristin
(50–56%)

Varies propor-
tionately with
renal function

No

Daptomycin
[256–258]

0.09 (consis-
tent with
extracellular
water)

Yes Yes 5.8–11.6 92% Varies propor-
tionately with
renal function

No

Telithromycin
[212–214,
259]

2.7–2.9 Unknown ?No 10–13 60–70% Varies propor-
tionately with
renal function

No

Clindamycin
[228–230,
260–263]

0.6–1.2 No Yes 1.5–5 65–90% Decreased hepat-
ic clearance

No

Linezolid
[234–236]

0.5–0.6 Yes Yes 3.5–7 31% Slightly decreas-
ed clearance

No

12.1.3.1
Post-Antibiotic Effect

Most antibiotics demonstrate a post-antibiotic effect
(PAE). PAE refers to the continued suppression of bac-
terial growth for prolonged periods when drug concen-
trations fall below the MIC of the bacteria [42]. q -Lac-
tams demonstrate a modest PAE against Gram positive
organisms but no PAE (except carbapenems) against
Gram negative organisms [42, 43]. Aminoglycosides
demonstrate a significant PAE (>3 h) the duration of
which is concentration-dependent [39, 44–50]. Fluoro-
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quinolones also possess a prolonged PAE [51, 52]. In-
terestingly, the PAE of an antibiotic can change in states
of altered immune function, such as neutropenia
[53–55] or in critically ill patients with sepsis although
this has not been widely characterised for all antibiot-
ics. A reduction in leukocyte count has been shown
to reduce the efficacy of aminoglycosides (see Sect.
2.1.3.2).

12.1.3.2
Post-�-Lactamase Inhibitor Effect

Post- q -lactamase inhibitor effect (PLIE) refers to a pe-
riod of continued suppression of bacterial growth after
removal of a q -lactamase inhibitor (also known as sui-
cide inhibitor) [56]. It has been shown to occur in vitro
for amoxicillin plus clavulanate [56] and more recently
ceftazidime plus sulbactam [57]. It is thought that a q -
lactam and suicide inhibitor (e.g. clavulanate or sulbac-
tam) may be combined to utilise this PLIE in extended-
spectrum q -lactamases (ESBLs), to enable reduced q -
lactam doses [56]. However, to date there is scarce evi-
dence of the clinical effects of PLIE itself.

12.1.3.3
Inoculum Effect

The inoculum effect refers to the presence of high ini-
tial concentrations of bacteria (initially seen with E. co-
li). These elevated concentrations confer higher MICs
and reduced bactericidal activity of third generation
beta-lactams [58]. This is thought to be due to a pro-
duction of beta-lactamases [59] for which other broad
spectrum q -lactams, including fourth generation ceph-
alosporins, may have added efficacy [60–62]. This is
largely an academic observation though, because in
clinical practice, the identification of bacterial load
may be difficult and thus dose changes are not indicat-
ed at this time. However, the importance of effective
broad spectrum antibiotic therapy is given credence.

12.2
Antibiotic Classes

Below, aminoglycosides, q -lactams, glycopeptides, flu-
oroquinolones and other various antibiotics used in
critically ill patients with sepsis and septic shock will
be considered. General PK and PD characteristics will
be considered for each of these classes. The clinical ap-
plication and dosing implications of these properties
for critically ill patients will also be addressed.

12.2.1
Aminoglycosides

Aminoglycosides are an older class of antibiotics that
include gentamicin, tobramycin and amikacin.

12.2.1.1
Pharmacokinetics

) General (see Table 12.2)
The debate of aminoglycoside dosing continues be-
cause of the narrow therapeutic index of these drugs.
There is accumulating evidence to show that adminis-
tering aminoglycosides as a once daily dose is associat-
ed with less nephro- and ototoxicity than the same total
dose administered in small, multiple doses [63–68]. It
is therefore considered that the troughs – or more spe-
cifically the area under the concentration-time curve –
are more closely correlated with the well-documented
adverse renal and ototoxic effects of these drugs
[63–68]. Monitoring of serum aminoglycoside concen-
trations is essential for minimising these adverse ef-
fects. The serum half life (T1/2) of aminoglycosides will
increase in renal impairment as they are excreted un-
changed almost entirely by glomerular filtration [69].

12.2.1.2
Pharmacodynamic Principles of Aminoglycosides

The kill characteristic of the aminoglycosides is con-
centration dependent [44–50, 70–72]. Experimentally,
a high peak concentration of an aminoglycoside antibi-
otic provides a better, faster killing effect on standard
bacterial inocula. In a retrospective study, Moore et al.
[39] demonstrated quite unequivocally that a high peak
concentration of aminoglycoside relative to the MIC for
the infecting organism was a major determinant of the
clinical response. Aminoglycosides also exhibit a sig-
nificant PAE which can prevent bacterial regrowth for
prolonged periods should drug concentrations fall be-
low the MIC [39, 42, 44–50, 68].

Clarification of these properties of aminoglycosides:
(1) high widely spaced doses causing less toxicity than
smaller more frequent doses; (2) high doses producing
better kill curves; and (3) the post-antibiotic effect, led
to the development of single daily dosing for aminogly-
coside antibiotics [73, 74]. It has now been shown in
prospective human clinical trials [68, 75–78] and nu-
merous meta-analyses [64–67] that this recommenda-
tion is valid, i.e. large, single, daily doses (or more cor-
rectly, extended interval dosing – EIAD) aminoglyco-
sides produce less toxicity and comparable if not supe-
rior clinical outcomes.
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12.2.1.3
Aminoglycoside Dosing in Critically Ill Patient with Sepsis

Effect of ‘Third-Spacing’

The problem of patient variability in peak aminoglyco-
side serum concentrations has been observed in criti-
cally ill patients [69, 79–89]. In sepsis without organ
dysfunction there is typically increased aminoglyco-
side clearance [48, 86, 87, 89]. An increase in aminogly-
coside Vd has been noted in patients with sepsis, due to
the processes described above [14, 15, 90], and with pa-
tient sickness severity, measured by APACHE II score
[91]. Importantly, the critically ill patient with a high
APACHE II score and normal renal function will not
only have lower trough concentrations, but also lower
peak concentrations compared with a patient who has
a lower APACHE II score. The effect of sickness severity
on aminoglycoside concentrations, resulting in a
change in Vd in an individual patient during the course
of therapy, may explain, at least in part, the wide vari-
ability of dosages needed to achieve therapeutic con-
centrations as reported in published studies [79–89].

Effect of Organ Dysfunction

The value of once-daily dosing in this population has
been studied [53] and randomised trials comparing
once-daily and multiple-daily dosing of aminoglyco-
side have been performed with co-administration of a
q -lactam antibiotic. These studies were subjected to a
meta-analysis which found no significant differences in
efficacy between once-daily and multiple-daily dosing
[92], although reduced toxicity from once-daily dosing
has been shown [93]. Until there are further studies
suggesting otherwise the evidence supports the admin-
istration of high dose (7 mg/kg if normal renal func-
tion; amikacin requires 28 mg/kg) once-daily amino-
glycosides be administered.

In our experience, if the patient has supranormal re-
nal function and is eliminating the drug rapidly such
that nomogram or trough-level monitoring suggests
doses higher than 7 mg/kg are required, increasing the
frequency rather than the dose should be considered.
The Cmax:MIC ratio conferred by 7 mg/kg is often ~10
and maximises bacterial killing. Higher doses are
thought to have no additional effect. It is possible that
administration at 18-hourly intervals may be appropri-
ate while supranormal renal function is present. If the
patient has renal impairment, doses of 3–5 mg/kg 24-
hourly may be required. Should therapeutic drug mon-
itoring determine that the patient is not excreting this
low-dose aminoglycoside, then the dose should be
maintained and a longer interval between dosing be se-
lected (36- or 48-hourly dosing). Monitoring by trough
levels should occur in this situation, although alternate
therapeutic agents should be considered.

Effect of Neutropenia

The aminoglycoside PAE has been demonstrated in
Gram positive and negative organisms [54, 94]. In vitro
studies have shown enhanced bacterial phagocytosis
by leukocytes after exposure to aminoglycosides which
has been termed the post-antibiotic leukocyte en-
hancement (PALE) [95]. It follows that in a critically ill
patient with neutropenia or a low leukocyte count (as
shown in animal models [54]), that aminoglycosides
may have decreased efficacy. This has been supported
by data that shows that as the absolute neutrophil count
decreases, higher bactericidal activity is required [55]
and this may be obtained by increasing the aminogly-
coside dose (Cmax) although more research into this ar-
ea is required. The value of once-daily dosing in this
population has been studied [53] and randomised tri-
als comparing once-daily and multiple-daily dosing of
aminoglycoside have been performed with co-admin-
istration of a q -lactam antibiotic. These studies were
subjected to a meta-analysis which found no significant
differences in efficacy between once-daily and multi-
ple-daily dosing [92], although there is reduced toxicity
from once-daily dosing [93]. Until there are further
studies suggesting otherwise the evidence supports the
administration of high dose (7 mg/kg if normal renal
function) once-daily aminoglycosides be given with a
broad spectrum q -lactam antibiotic to critically ill pa-
tients with sepsis that have a low leukocyte count.

12.2.1.4
Monitoring of Aminoglycosides in Critically Ill Patients
with Sepsis

In ‘normal’ ward patients there are various methods for
monitoring aminoglycoside dosing. Due to the preva-
lent adverse effects of nephrotoxicity and ototoxicity
numerous methods of aminoglycoside monitoring ex-
ist:

1. Trough levels
2. Published nomograms
3. Bayesian computer software

In patients with renal function within the reference
range, 24-h dosing using published nomograms could
be used [96, 97]. Alternate methods of monitoring ami-
noglycosides after once-daily dosing have also been
successfully suggested [78, 98, 99] including using
Bayesian methods which have shown reduced toxicity
profiles [96, 97, 100]. If altered Vd is suspected, or dos-
ing is used that does not follow convention, then ensur-
ing trough levels are <0.5 mg/l prior to subsequent dos-
ing is recommended to ensure that the patient is elimi-
nating the aminoglycoside appropriately.
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12.2.1.5
Summary of Aminoglycoside Dosing in Critically Ill Patients
with Sepsis

Aminoglycosides should be initially dosed at 7 mg/kg
(amikacin – 28 mg/kg) to enable a high Cmax:MIC ratio
with drug clearance monitored by using either pub-
lished nomograms [90] or trough serum concentra-
tions if renal dysfunction is suspected. Such dosing
should enable a Cmax:MIC >10 which maximises the
PAE and bacterial killing [42, 90, 101]. Subsequent
doses should be individualised [90]. If drug or creati-
nine clearance is reduced, then maintenance of doses to
maximise the Cmax:MIC ratio at extended intervals is
recommended, even if that requires 36- or 48-hourly
dosing. Careful monitoring of therapy is recommended
to reduce the incidence of nephrotoxicity and/or oto-
toxicity.

12.2.2
�-Lactam Antibiotics

The q -lactam group of antibiotics consists of penicil-
lins, cephalosporins, carbapenems and monobactams.
Carbapenems will be considered separately because of
different pharmacodynamic properties.

12.2.2.1
Pharmacokinetics

) General (see Table 12.2)
q -Lactam antibiotics include many compounds and
variability certainly exists (e.g. ceftriaxone has a longer
t1/2 – 5.8–8.7 h in adults – and high protein binding –
>80% [102]). In conventional bolus dosing regimes,
serum concentrations of these antibiotics fall to low
levels between doses [22, 103, 104]. Renal elimination
of these drugs is often linearly related to creatinine
clearance, so serum concentrations will increase in the
presence of renal dysfunction [105–107] except for
those q -lactams that have significant biliary clearance
(e.g. ceftriaxone and oxacillin). In contrast, low serum
concentrations of these antibiotics can occur in the
acute phase of sepsis due to enhanced cardiac and renal
(and possibly hepatic) function resulting in high drug
clearance [22, 104].

12.2.2.2
Pharmacodynamic Principles of �-Lactam Antibiotics

Kill characteristics of q -lactam antibiotics differ signif-
icantly from those of aminoglycosides. In-vivo animal
experiments have demonstrated that q -lactams have a
slow continuous kill characteristic that is almost entire-
ly related to the time for which concentrations in tissue
and serum exceed a certain threshold (generally the

MIC) of the infecting organism (T>MIC) [14]. Once
the concentration of the antibiotic falls below this
threshold, any remaining bacteria multiply almost im-
mediately [44–49, 70, 71, 108]. This may also facilitate
the development of antibiotic resistance, particularly if
the serum concentrations fall below the threshold for
more than half the dosing interval [109]. It has been
proposed that, in the absence of any PAE, the serum
concentration of a q -lactam antibiotic should exceed
the MIC for the respective organism for 90–100% of
the dosing interval [110]. Animal and in vitro studies
show that q -lactams do confer a PAE on Gram positive
staphylococci, streptococci and enterococci while only
carbapenems have demonstrated a PAE against Gram
negative organisms [36, 38, 43, 94, 111–115]. Other
studies have demonstrated maximum killing of bacte-
ria at 4–5 times MIC, with still higher concentrations
providing no added efficacy [116, 117]. As such, it has
been proposed that concentrations of q -lactam antibi-
otics should be maintained at 4–5 times the MIC for
extended periods during each dosing period [45–47].
It is noteworthy that bolus dosing (for example, of
cephalosporins) produces unnecessary peak and low
trough concentrations below MIC for much of the dos-
ing interval [22, 104, 118, 119]. It follows that an im-
proved PD profile is obtained with either more frequent
dosing [104, 110] or continuous infusions [104, 108,
110, 111, 116, 118–125].

12.2.2.3
�-Lactam Dosing in Critically Ill Patients with Sepsis

Effect of ‘Third-Spacing’ on �-Lactam Dosing

It is increasingly apparent that the PK of the q -lactam
antibiotics in the critically ill patient with sepsis is dif-
ferent from those in other patients [126, 127]. Some
studies have shown an increased Vd [9, 22, 128], which
may cause q -lactam concentrations to be lower than ex-
pected. Joukhadar et al. [10] showed that an increased
Vd in patients with septic shock results in unbound pi-
peracillin concentrations that can be 5–10 times lower
in the extracellular fluid of subcutaneous tissue com-
pared with serum levels after a piperacillin bolus dose.
The effect of more frequent dosing or continuous infu-
sion is unclear and as such dose adjustment from in-
creased Vd is not routinely performed.

Effect of Organ Dysfunction on �-Lactam Dosing

Sepsis without organ dysfunction can lead to increased
q -lactam clearance and result in lower serum concen-

trations than expected [22, 48, 86, 87, 89, 104, 116,
118–120, 126, 127]. High q -lactam clearance has been
demonstrated in several other studies [22, 104, 116,
118–120]. One inclusion criterion common to many of
these studies was normal serum creatinine. In two of
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these studies it was shown that the clearance of cefepi-
me and, more recently, cefpirome is linearly related to
creatinine clearance [22, 104]. As such, creatinine clear-
ance was reported to be an independent predictor of
antibiotic clearance. PK-PD modelling found that the
T>MIC could be predicted by creatinine clearance,
and that serum concentrations of these antibiotics were
low when using a standard dosing regimen [22, 104]. As
a result, dosing adjustment according to increased re-
nal function is an important PK consideration to en-
sure optimal therapy that complies with q -lactam PD
properties. This may require increased dosing, or pref-
erably increased frequency of dosing, to ensure
T>MIC is maximised. Preliminary data suggests clini-
cal and bacteriologic superiority when administering
ceftriaxone by continuous infusion compared with bo-
lus dosing of ceftriaxone in patients with sepsis [129].

In severe sepsis with renal and/or hepatic dysfunc-
tion, reduced q -lactam clearance can occur. Conse-
quently, serum drug concentrations may be elevated to
higher than expected concentrations. Dependent on
the infective organism and toxicity profile of the q -lac-
tam, dose reduction, in line with product information,
may be indicated.

Administration of �-Lactams by Continuous Infusion

Administration by continuous infusion optimises the
PD profile of q -lactams [103, 108, 110, 117, 130]. Nu-
merous studies have compared administration of q -
lactams by continuous infusion with bolus dosing [108,
116, 131–133]. The results have largely shown compa-
rable therapeutic efficacy with other literature pur-
porting improved patient survival, decreased length of
stay in ICU and decreased resources expended on pa-
tient therapy when continuous infusion is used [7, 134].
Four previous studies have compared the clinical out-
come of continuous infusion and intermittent bolus
dosing of a q -lactam antibiotic [126, 129, 132, 135]. Of
these studies, only Roberts et al. [129] found a clinical
difference which suggested clinical and bacteriologic
superiority of administering ceftriaxone 2-g as a con-
tinuous intravenous infusion compared to a once-daily
bolus dose. Further research is required to quantify the
clinical utility of administering q -lactams as a continu-
ous infusion. Continuous infusion has also shown a re-
duction in the total daily dose of drug required, shorter
duration of treatment [120] and decreased nursing
time for antibiotic administration, and a possible re-
duction in the formation of resistant bacteria [118,
136]. These have also been validated in cost-analyses.
Disadvantages of continuous infusion have also been
documented and include drug stability for 24-h infu-
sions (e.g. meropenem may only be stable for a maxi-
mum 8 h requiring a new infusion to be made when a
bolus would normally be administered [137, 138]), and

the requirement for an intravenous line to be perma-
nently designated for the continuous infusion because
of possible drug-drug intravenous compatibility issues.

Effect of Neutropenia on �-Lactam Dosing

Severe sepsis may also lead to an immune system dys-
function evident by the presence of neutropenia. Previ-
ous studies with K. pneumoniae have suggested that
neutropenia may not reduce the antibacterial effect of
q -lactams significantly, but may enable a relapse of in-

fection when antibiotic therapy is ceased [35, 139]. It
follows that critically ill patients may require q -lactam
therapy until the patient’s white cell count normalises.

12.2.2.4
Summary of �-Lactam Dosing in Critically Ill Patients
with Sepsis

q -Lactam antibiotics will often require dosing different
to that suggested by studies in healthy volunteers. More
frequent dosing or continuous infusion of the antibiot-
ic is suggested if there is organ dysfunction and/or
‘third spacing’. The required dose for continuous infu-
sion is generally less than that required for the inter-
mittent bolus dose.

12.2.3
Carbapenems

Carbapenem antibiotics include meropenem, imipe-
nem and panipenem.

12.2.3.1
Pharmacokinetics

) General (see Table 12.2)
Carbapenems are a separate class of q -lactam antibiot-
ics that possess good Gram negative and Gram positive
activity. Like other q -lactams, these antibiotics typical-
ly have a minimal side effect profile [140]. Increased
seizure activity has been noted with imipenem and as a
result it has been recorded as a potential adverse event
for all carbapenems, particularly in infants, elderly pa-
tients and those with renal dysfunction [141–144]. Due
to instability, imipenem is typically combined with ci-
lastatin and betamipron is combined with panipenem
as a renal protectant [145]. These adjuncts have higher
protein binding and may accumulate in patients with
renal failure, the significance of which is unknown
[140]. In conventional bolus dosing regimens, serum
concentrations of carbapenems fall to low concentra-
tions between doses. Renal elimination of these drugs
is directly related to creatinine clearance, so serum
concentrations will accumulate with renal dysfunction
if dosing adjustments are not made [140, 146–148].

12.2 Antibiotic Classes 129



12.2.3.2
Pharmacodynamic Principles of Carbapenems

Kill characteristics of carbapenems are similar to other
q -lactam antibiotics and show time-dependent killing
[110]. However, in vitro models have shown that carba-
penems require a reduced percentage of T>MIC for
bacteriostatic activity (20%) and bactericidal activity
(40%) [149] which may relate to the carbapenem PAE
[113].

12.2.3.3
Carbapenem Dosing in Critically Ill Patients with Sepsis

Effect of ‘Third-Spacing’ on Carbapenem Dosing

As with other q -lactam antibiotics, the PK of the carba-
penems changes in the critically ill patient with sepsis.
Specifically, carbapenems demonstrate decreased T1/2

and increased Vd, and CL [140, 150, 151], which will re-
sult in reduced Cmax and T>MIC. The clinical effect of
more frequent dosing or continuous infusion is unclear
and as such dose adjustment from increased Vd is not
presently indicated.

Effect of Organ Dysfunction on Carbapenem Dosing

As with aminoglycosides and other q -lactams, in sepsis
without organ dysfunction, increased clearance can oc-
cur resulting in lower serum concentrations of carba-
penems. Higher dosing or more frequent dosing may
thus be indicated for critically ill patients with sepsis
without organ dysfunction.

Administration of Carbapenems by Continuous
Infusion

Administration by continuous infusion to maximise
T>MIC remains a topical issue for carbapenems. Some
research has shown meropenem to be unsuitable for 8-
h infusions in a tropical country, where room tempera-
ture is 32–37°C [152], and that it spontaneously de-
grades in saline solutions after less than 6 h at normal
room temperature(25°C) [153]. Other research has
shown adequate stability for 8-h infusions to be admin-
istered [137, 138] and up to 12 h in a cold pouch [154].
Intermittent 3-h infusions have also been utilised in
previous studies [155]. Some preliminary data suggests
clinical superiority of administration by continuous in-
fusion in critically ill patients [156]; however, further
studies are needed. Thus, while the apparent need for
more frequent dosing or administration by continuous
infusion is reduced from this in vitro data, concentra-
tion-related toxicity can be avoided [38, 149] and phar-
macoeconomic advantages from reduced total daily
dose may still be conferred [157]. Optimisation of the
PD profile of carbapenems has been shown previously

by the use of extended infusions [138, 158, 159] al-
though to date only improved in vitro efficacy has been
reported [138, 160]. Further research to determine the
clinical efficacy of administering carbapenems as a
continuous infusion is required.

Effect of Neutropenia on Carbapenem Dosing

As with other q -lactams, the impaired immune func-
tion of the critically ill patient will most likely have little
effect in changing the MIC breakpoints and no dose ad-
justment is indicated at this time, although it would be
prudent to at least continue therapy until the neutrope-
nia has normalised.

12.2.3.4
Summary of Carbapenem Dosing in Critically Ill Patients
with Sepsis

Carbapenems have pharmacodynamic properties dif-
ferent to other q -lactam antibiotics because of the de-
creased T>MIC required for activity. Thus, while more
frequent dosing or continuous infusion of the antibiot-
ic will optimise the pharmacodynamic profile, it is rec-
ommended only when there is organ dysfunction and/
or significant ‘third spacing’.

12.2.4
Glycopeptides

Glycopeptide antibiotics include vancomycin and tei-
coplanin.

12.2.4.1
Pharmacokinetics

) General (see Table 12.2)
Vancomycin is predominantly renally eliminated and
while it has been associated with self-limiting nephro-
toxicity, particularly during co-administration of other
nephrotoxins [161, 162], its potential to cause nephro-
toxicity has been debated [163]. However, Fernandez
de Gatta et al. [164] found a relationship between van-
comycin exposure and nephrotoxicity and provided ev-
idence that therapeutic drug monitoring (TDM) of
vancomycin led to a reduced incidence of nephrotoxici-
ty [164].

Teicoplanin has a similar Vd to vancomycin but a
much longer T1/2 in patients with normal renal function
[165–167]. It is highly protein bound and predomi-
nantly renally eliminated. A decrease in albumin level
or binding has been found to increase the Vd and ap-
parent clearance of teicoplanin [166]. TDM of teicopla-
nin is not necessary to avoid toxicity, but can be helpful
in certain patient groups to ensure therapeutic concen-
trations are present [167].
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12.2.4.2
Pharmacodynamic Principles of Glycopeptides

The specific interpretation of the PD properties of gly-
copeptides are not fully understood. Vancomycin will
be preferentially discussed as representative of the gly-
copeptides due to its prevalent usage. Vancomycin is
well known to induce PAE and has PD properties in
common with both aminoglycosides and q -lactams.
Some data suggests that the bactericidal activity of van-
comycin is time-dependent [168–170]. Similar results
have been obtained for teicoplanin in a rabbit endocar-
ditis model [171]. Interestingly, an in vitro study [172]
found no difference in rates of killing of S. aureus by
vancomycin when given as various forms of continuous
infusion and bolus dosing suggesting that T>MIC is
not the categorical PD factor. Cmax:MIC was found to be
the PD factor correlated with efficacy in a non-neutro-
penic mouse peritonitis model for S. pneumoniae and
S. aureus, suggesting that glycopeptides might show
concentration-dependent killing against some organ-
isms [173]. Whether this PD effect is primarily due to
the presence of neutrophils in this model is unknown.

Other studies have proposed that AUC0–24:MIC is
the most important PK-PD parameter correlating with
efficacy [35, 174]. As such, the optimal dosing regimen
for administration of vancomycin remains unknown:
continuous infusion or bolus dosing. Wysocki et al.
[175] specifically compared continuous infusion and
intermittent dosing of vancomycin in 160 patients, and
found no significant difference in clinical efficacy.
However, recently Rello et al. [176] described a sugges-
tion of clinical superiority of continuous infusion of
vancomycin in a subset of patients treated for ventila-
tor-associated pneumonia caused by methicillin-resis-
tant Staphylococcus aureus. Thus, while the economic
advantages of reduced dosage of vancomycin by con-
tinuous infusion have been described [175], the clinical
relevance of this remains unclear.

12.2.4.3
Glycopeptide Dosing in Critically Ill Patients with Sepsis

Effect of ‘Third-Spacing’ on Glycopeptide Dosing

Sepsis without organ dysfunction will cause an increased
Vd and an increased rate of renal excretion of vancomy-
cin. As a consequence, in our experience we have found
that higher doses than those conventionally recommend-
ed (similar to paediatric doses of 40 mg/kg/day [177])
may be needed to optimise serum concentrations.

Effect of Organ Dysfunction on Glycopeptide Dosing

Glycopeptide clearance varies proportionately with cre-
atinine clearance [174]. Thus higher doses are required
if there is supranormal renal function. However, with

renal dysfunction there will be reduced CL and drug ac-
cumulation [161, 162, 178]. As a result, diligent moni-
toring of trough vancomycin serum concentrations
(recommended concentration 15–20 mg/l) is currently
recommended to ensure efficacy of dose by following
the T>MIC PD property [179]. For teicoplanin, when
there is no renal impairment dosing at 6 mg/kg 12-
hourly for three doses, followed by 6 mg/kg 24-hourly
thereafter, is recommended. Serum concentration mon-
itoring is indicated only when high doses (12 mg/kg/
day) are used or to avoid toxicity. Current practice sug-
gests that teicoplanin concentrations be maintained
above 10 mg/l (15–20 mg/l for endocarditis) [174].

Administration of Glycopeptides By More Frequent
Dosing or Continuous Infusion

Adequate vancomycin trough concentrations can be
maintained by dosing 6-, 8- or 12-hourly or by continu-
ous infusion although the optimal dosing regimen for
vancomycin remains unresolved because of the lack of
definitive evidence of PD efficacy and evidence linking
concentrations to either outcome or toxicity [169, 179].
The ongoing debate on the optimal administration of
vancomycin [169, 172, 175, 176, 180] demonstrates the
need for further research in this area.

Effect of Neutropenia on Glycopeptide Dosing

Improved outcomes from dosing glycopeptides by con-
tinuous infusion may particularly be found in critically
ill patients with neutropenia. Some research has shown
that AUC0–24/MIC is the most important PD parameter
in animal neutropenic models [174], while Cmax:MIC
has been shown in non-neutropenic models [173].
Thus, more frequent dosing or continuous infusion
may have advantages in neutropenic patients although
more research in this area is required.

Penetration of Glycopeptides into Solid Organs

Vancomycin poorly penetrates into solid organs, par-
ticularly the lung [181, 182]. Thus, if the sepsis is
thought to emerge from a lung focus, the co-prescrip-
tion of rifampicin as dual therapy has been suggested
[181]. Therapy with rifampicin as a single agent is not
recommended due to its propensity to cause bacterial
resistance [183], and the potential for drug interactions
from CYP3A4 induction must always be considered.
Alternatively, high dose vancomycin (aiming for
trough concentrations & 20 mg/l) has been advocated
[183] for sepsis originating in solid organs. Of course,
other antibacterial agents do provide better penetra-
tion of the epithelial lining fluid of the lung and thus
therapy with either fusidic acid [184], linezolid [185],
tigecycline [186] or televancin [187] may be preferred.
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We believe that teicoplanin does not add many clinical
advantages and that newer drugs in production will
take its place as vancomycin substitutes.

12.2.4.4
Summary of Glycopeptide Dosing in Critically Ill Patients
with Sepsis

The pharmacodynamic properties of vancomycin are
not fully understood at this time. To optimise dosing of
vancomycin in critically ill patients with sepsis, main-
tenance of trough levels of at least 15–20 mg/l are re-
quired. Teicoplanin must have loading doses to ensure
therapeutic concentrations are rapidly obtained
(6–10 mg/kg doses 12-hourly for three doses followed
by 6 mg/kg 24-hourly thereafter). Dose adjustments for
variations in renal function may also be required.

12.2.5
Fluoroquinolones

Fluoroquinolone antibiotics include ciprofloxacin, mo-
xifloxacin, levofloxacin and gatifloxacin. These are a
relatively new class of antibiotics and, to date, less re-
search has been committed to moxifloxacin, levofloxa-
cin and gatifloxacin. As such where information is not
available on these antibiotics, information known of ci-
profloxacin will be used.

12.2.5.1
Pharmacokinetics

) General (see Table 12.3)
All fluoroquinolones have extensive distribution char-
acteristics and achieve good extracellular and intracel-

Table 12.3. General PK characteristics of fluoroquinolone antibiotics and possible changes that can occur during fluid shifts in
critically ill patients

Fluoro-
quinolone

Vd (l/kg) Increased
Vd with
fluid
shifts?

Decreased
Cmax with
fluid
shifts?

Serum T1/2
(h)

Protein
binding

Altered CL
in sepsis
with renal
dysfunction?

Normal
dose

Dose adjustment
in renal
dysfunction?

Ciprofloxacin
[264–266]

1.2–2.7 No Yes 3 (4–5 h in
the elderly)

20–40% No IV 400 mg
8-hourly

Dose reduction
in severe renal
dysfunction

Levofloxacin
[267, 268]

0.92–1.36 ?No Yes 6–8.9 24–38% Yes 500–
750 mg
daily

(a) CrCL = 20–49
ml/min → 250–
500 mg daily; (b)
CrCL is 10–19 ml/
min → 250–
500 mg 48-hourly

Moxifloxacin
[268–270]

2.45–3.55 No Yes 9.3–15.6 39–52% No 400 mg
daily

No

Gatifloxacin
[264, 271]

1.98–2.31 No Yes 6.5–9.6 20% Yes 400 mg
daily

CrCL e 40 ml/min
→ 400 mg initial
dose followed by
200 mg 24-hourly

lular concentrations with excellent penetration of neu-
trophils and lymphocytes [188].

12.2.5.2
Pharmacodynamic Principles of Fluoroquinolones

Fluoroquinolones display largely concentration-de-
pendent kill characteristics but also some time-depen-
dent effects. Previous research has suggested that
achieving a Cmax:MIC ratio of 10 for ciprofloxacin is the
critical variable in predicting bacterial eradication
[189]. Forrest et al. [40] studied ciprofloxacin in criti-
cally ill patients and concluded that achieving an
AUC0–24h:MIC greater than 125 is associated with a suc-
cessful clinical outcome. This result is necessary for
Gram negative organisms with Gram positive organ-
isms requiring an AUC0–24hr:MIC of 30 [40, 190–192],
although fluoroquinolones should not be used as single
agent treatment of Gram positive infections. Inappro-
priate low dosing of ciprofloxacin has also been associ-
ated with the emergence of resistant bacterial strains
(particularly enterococci, Pseudomonas and MRSA)
[193–195]. For Gram negative bacteria, this may
occur when AUC0–24h: MIC <100 [196, 197]. Therefore,
AUC0–24h: MIC and Cmax: MIC are PD variables that re-
quire close attention for optimal fluoroquinolone us-
age. The dose recommended to achieve these pharma-
codynamics for ciprofloxacin is 400 mg IV 8-hourly in
adults and this need not be changed during sepsis un-
less renal dysfunction occurs [198, 199]. Pharmacody-
namic analysis has shown that this maximum dose has
a 55% probability of achieving the AUC target of 125
[200] and as such larger doses or different dosing regi-
mens may be used in the future. There is growing evi-
dence for increased dosing of levofloxacin in critically

132 12 Dose Adjustment and Pharmacokinetics of Antibiotics in Severe Sepsis and Septic Shock



ill patients with sepsis (1,000 mg daily) [201, 202], and
with more safety and efficacy data, further increases in
recommended doses may occur for other fluoroquino-
lone antibiotics as well.

12.2.5.3
Fluoroquinolone Dosing in Critically Ill Patients with Sepsis

Effect of ‘Third-Spacing’ on Fluoroquinolone Dosing

All fluoroquinolone antibiotics demonstrate good tis-
sue penetration [199]. PK studies with ciprofloxacin in
adult patients with severe sepsis and intra-abdominal
sepsis [199] have shown that the Vd of ciprofloxacin is
not altered with fluid shifts, or over time, since it dis-
tributes intracellularly and binds to structures therein.
This characteristic is also maintained for the infant less
than 12 months old [21], where body water content is
greater than in older children and adults. Thus, while
dose adjustments for altered Vd are not required in
critically ill patients, dose adjustments may be neces-
sary in enhanced or reduced renal function.

Effect of Organ Dysfunction on Fluoroquinolone
Dosing

Ciprofloxacin is metabolised in liver to multiple metab-
olites although dose adjustment and dose adjustment is
recommended by the product information [203] with
renal dysfunction to prevent accumulation of drug and
metabolites [204]. Other research by Jones et al. [205]
has shown impaired ciprofloxacin clearance in renal
impairment only when the patient had concomitant
bowel or liver pathology suggesting that accumulation
will only occur when at least two elimination pathways
are compromised. The authors recommended that in
critically ill patients with sepsis and acute renal impair-
ment, dose adjustment is only necessary if the patient
also has intra-abdominal disease.

Levofloxacin and gatifloxacin are only moderately
lipophilic and are predominantly renally cleared. Dos-
age reductions for renal impairment can be made as de-
scribed in Table 12.3. However, at this time there is no
recommendation for higher dosing should the patient
develop supranormal renal function.

Moxifloxacin requires no dose reduction in renal
impairment or mild hepatic impairment. Dosing in se-
vere hepatic impairment has not been investigated at
this time.

12.2.5.4
Summary of Fluoroquinolone Dosing in Critically Ill
Patients with Sepsis

Bolus dosing optimises the pharmacodynamic proper-
ties of fluoroquinolones enabling a Cmax:MIC ratio of 10
to be achieved. Administration of adequate doses is es-

sential to prevent development of resistant organisms.
Dose adjustment in critically ill patients with sepsis is
only required in renal impairment for levofloxacin, ga-
tifloxacin and ciprofloxacin.

12.2.6
Tigecycline

Tigecycline is a member of the glycylcyclines, which are
novel tetracyclines with Gram positive and gram nega-
tive activity.

12.2.6.1
Pharmacokinetics

) General (see Table 12.2)
Tigecycline has shown rapid and extensive penetration
into body tissues that is reflected by its large Vd
(7–10 l/kg). It was shown to have 74% penetration into
inflammatory fluid in an inflammatory blister fluid
model [206]. It is primarily eliminated by biliary excre-
tion with only 15% of the dose eliminated unchanged
in urine [207].

12.2.6.2
Pharmacodynamic Principles of Tigecycline

Tigecycline displays time-dependent killing against
Strepotoccus pneumoniae, Haemophilus influenzae and
Neisseria gonorrhea [208] but AUC0–24/MIC is more
likely to be correlated with efficacy [206, 209]. This is
because of its long half-life and prolonged PAE. Howev-
er, more research into the pharmacodynamic princi-
ples of tigecycline is suggested to clarify this.

12.2.6.3
Tigecycline Dosing in Critically Ill Patients with Sepsis

Effect of ‘Third-Spacing’ on Tigecycline Dosing

No evidence exists to support altered dosing in patients
with ‘third spacing’. However, there is little experience
with tigecycline in critically ill patients with sepsis and
more information may later emerge regarding this
issue.

Effect of Organ Dysfunction on Tigecycline Dosing

Dose adjustment in renal failure is not required with ti-
gecycline. However, as most of the dose (59%) is elimi-
nated in faeces, careful consideration of dose reduction
may be necessary if the patient develops severe renal
impairment or significant cholestasis.
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12.2.6.4
Summary of Tigecycline Dosing in Critically Ill Patients
with Sepsis

Tigecycline should be reserved for infections caused by
multi-resistant organisms. While a higher (100 mg
loading dose then 50 mg 12-hourly) and lower dosing
regimen (50 mg loading dose then 25 mg 12-hourly)
has been previously trialled [210], the superior clinical
and bacteriologic success of the higher dosing regimen
suggests that it may be more suitable for critically ill
patients with sepsis. Again, however, as this is a new an-
tibiotic, subsequent study may result in changes to rec-
ommended dosing.

12.2.7
Telithromycin

Telithromycin is the first ketolide marketed and has
properties very similar to macrolide antibiotics.

12.2.7.1
Pharmacokinetics

) General (see Table 12.2)
Telithromycin has been shown to have good extracellu-
lar penetration with good levels in respiratory tissues
[211], sites of inflammation (blister fluids 38% above
plasma [212]) and in neutrophils [213]. However, poor
penetration in muscle and adipose [214] has been
shown.

12.2.7.2
Pharmacodynamic Principles of Telithromycin

Telithromycin displays concentration-dependent kill-
ing [215, 216] with Cmax:MIC ratio the parameter most
predictive of a successful outcome. Telithromycin also
exhibits long postantibiotic effects and postantibiotic
sub-MIC effects enabling once-daily dosing [215, 216].

12.2.7.3
Telithromycin Dosing in Critically Ill Patients with Sepsis

Effect of ‘Third-Spacing’ on Telithromycin Dosing

No evidence exists to support altered dosing in patients
with ‘third spacing’, and current evidence suggests no
dose adjustments are required in patients based on
weight [217]. However, this is a new drug and informa-
tion may later emerge regarding this issue.

Effect of Organ Dysfunction on Telithromycin
Dosing

If a patient develops renal impairment, dose adjust-
ment may be required. In moderate to severe renal im-

pairment (CrCL 30 ml/min), doses should be halved
(800 mg 24-hourly reduced to 400 mg 24-hourly) [217].
No dose adjustment is required in hepatic disease
[213].

Drug Interactions of Telithromycin

Telithromycin is a strong inhibitor of the metabolic en-
zyme CYP3A4 and should be used with caution with
midazolam and triazolam (potential to prolong Q-Tc),
HMG-CoA reductase inhibitors or ‘statins’ (risk of my-
opathy), digoxin, metoprolol and theophylline (elevat-
ed drug levels). Phenytoin and other enzyme inducers
may reduce telithromycin levels. Telithromycin is only
available in oral dosage form and is recommended at
800 mg daily for 7–10 days for community acquired
pneumonia.

12.2.7.4
Summary of Telithromycin Dosing in Critically Ill Patients
with Sepsis

Telithromycin should be predominantly used for multi-
resistant organisms. Its utility in sepsis may be reduced
at this time because it is only available in an oral dosage
form.

12.2.8
Daptomycin

Daptomycin is a novel lipopolypetide antimicrobial
agent with good activity against most Gram positive
pathogens. While it was discovered 20 years ago, it has
been marketed only recently and only few clinical stud-
ies have been performed which provide data on toxi-
city.

12.2.8.1
Pharmacokinetics

) General (see Table 12.2)
In healthy patients, daptomycin demonstrates linear
pharmacokinetic properties and is primarily renally
eliminated. No studies have been done in patients un-
der 18 years at this time. Cl is highly correlated with
creatinine clearance (CrCL) and dosing should be ad-
justed in line with this. Early trials correlated muscle
weakness, myalgia and marked increases in creatinine
phosphokinase (CPK) with 12-hourly dosing [218],
and it is thus now recommended for 24-hourly dosing.
Dosing is recommended at 4 mg/kg/24 h by intrave-
nous administration.
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12.2.8.2
Pharmacodynamic Principles of Daptomycin

Cmax:MIC is the PD parameter associated with clinical
efficacy [219]. Daptomycin has a prolonged PAE of
2–6 h in MSSA and MRSA [220] and 1–2.5 h in S. pneu-
moniae [219]. However, in a murine neutropenic thigh-
infection model this increased to 8.8–10.8 h from
4.8–5.5 h respectively [219].

12.2.8.3
Daptomycin Dosing in Critically Ill Patients with Sepsis

Effect of ‘Third-Spacing’ on Daptomycin Dosing

Distribution is likely to be limited to the extracellular
fluid spaces, so third spacing will result in reduced
Cmax. It distributes rapidly into inflammatory fluid
(blister study in volunteers) but does not reach the
plasma concentrations, probably due to differences in
the protein content of this fluid [221].

Effect of Organ Dysfunction on Daptomycin Dosing

If a patient develops moderate to severe renal impair-
ment (CrCl <30 ml/min), then the frequency should be
extended to 48 hourly dosing [222]. The effect of re-
duced serum albumin levels in hepatic impairment, on
unbound daptomycin concentration, remains un-
known but patients should be monitored for changes in
CPK if this occurs.

Effect of Low Serum Calcium on Daptomycin

It has been suggested that daptomycin requires the
presence of free calcium ions in a growth medium to
demonstrate its activity against Gram positive organ-
isms [223], and the effect this may have in humans with
low serum calcium is unknown. If the patient with sep-
sis presents with low serum calcium levels, this should
be corrected and the patient’s clinical response to dap-
tomycin should be carefully monitored.

12.2.8.4
Summary of Daptomycin Dosing in Critically Ill Patients
with Sepsis

Information about the optimal dosing and possible toxici-
ties of daptomycin is still accumulating. In critically ill pa-
tients, even less is known and careful monitoring of the
patient isnecessary shoulddaptomycinbe prescribed. Ini-
tial administration at 4 mg/kg as a single 24-hourly dose is
recommended with extended frequency of dosing indicat-
ed for renal impairment. Special considerations for use in-
clude altered serum calcium or albumin. Daptomycin
shouldbe reserved for serious infections causedby MRSA,
VRE and MRSE that do not respond to vancomycin.

12.2.9
Quinupristin/Dalfopristin

Quinupristin/dalfopristin (Q/D) is a combination of
two injectable streptogramins with demonstrated effi-
cacy against multi-resistant Gram positive organisms.

12.2.9.1
Pharmacokinetics

) General (see Table 12.2)
In vitro studies have shown significant CYP3A4 inhibi-
tion by Q/D, and care should be exercised when admin-
istering other drugs that are also inhibitors or sub-
strates for, or inducers of, this enzyme system [224].
Q/D has shown a significant PAE against Enterococcus
faecium (0.2–3.2 h) [225].

12.2.9.2
Pharmacodynamic Principles of Quinupristin/Dalfopristin

Q/D is thought to have concentration-dependent effica-
cy. Aeschlimann and Ryback [225] demonstrated this
in vitro by showing that 99.9% killing of isolates of van-
comycin-resistant Enterococcus faecium (VREF) was
best correlated with a high ratio of Q/D concentration
to minimum bactericidal concentration (MBC). Some
authors have suggested that AUC0–24/MIC is the prima-
ry parameter correlated with efficacy [226].

12.2.9.3
Quinupristin/Dalfopristin Dosing in Critically Ill Patients
with Sepsis

Effect of Organ Dysfunction on Quinupristin/
Dalfopristin Dosing

Hepatic dysfunction may result in altered metabolism
of Q/D or may cause unpredictable effects to other
CYP3A4 metabolised drugs from unknown inhibition.

12.2.9.4
Summary of Quinupristin/Dalfopristin in Critically Ill
Patients with Sepsis

Little information exists aiding dosing of quinupristin/
dalfopristin in critically ill patients with sepsis. If it is
believed that penetration to the infection site may be
impaired, then co-administration with another antibi-
otic (e.g. linezolid or a glycopeptide) is recommended
[227]. Q/D is recommended to be dosed at 7.5 mg/kg
intravenous administration 8-hourly for VREF and
7.5 mg/kg intravenous administration 12-hourly for
complicated skin and skin structure infections with
Staphylococcus aureus (methicillin-susceptible) [224].
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12.2.10
Clindamycin (as a Representative of the Lincosamides)

The lincosamide antibiotics include clindamycin and
lincomycin.

12.2.10.1
Pharmacokinetics

) General (see Table 12.2)
Clindamycin is widely distributed throughout the body
and achieves therapeutic concentrations in most body
compartments [228–230]. It is extensively hepatically
metabolised and renally cleared [228] with a T1/2 that
may increase in hepatic dysfunction [231].

Lincomycin has similar properties to clindamycin
although distribution into tissues may not be as wide as
clindamycin [232]. While lincomycin is also extensively
hepatically metabolised [233], its T1/2 is prolonged in
both severe renal and hepatic impairment [233].

12.2.10.2
Pharmacodynamic Principles of Lincosamides

T>MIC has been determined to be the pharmacody-
namic factor correlated with efficacy. Free drug levels
of lincosamides should exceed the MIC of the infective
pathogen for at least 40–50% of the dosing interval
[226].

12.2.10.3
Lincosamide Dosing in Critically Ill Patients with Sepsis

Effect of ‘Third-Spacing’ on Lincosamide Dosing

Third spacing is unlikely to have a major clinical effect
on lincosamide pharmacokinetics. While this may re-
sult in a reduced Cmax, the effect on T>MIC should be
limited as lincosamides already have extensive distri-
bution throughout the body.

12.2.10.4
Effect of Organ Dysfunction on Lincosamide Dosing

Alterations in renal function are unlikely to affect
clindamycin pharmacokinetics. However, lincomycin
clearance may be affected, as previously shown in se-
vere renal impairment [233]. Hepatic dysfunction is
likely to affect the clearance of both clindamycin and
lincomycin [231, 233] and dose reductions should be
considered in severe renal impairment.

12.2.10.5
Summary of Lincosamides in Critically Ill Patients with Sepsis

Lincosamides represent an excellent therapeutic choice
for suspected/confirmed anaerobic infections in criti-

cally ill patients with sepsis due to their extensive dis-
tribution characteristics. Standard doses should be
used for clindamycin (1,200–2,700 mg in three- or
four-divided doses) unless significant hepatic impair-
ment is present. Lincomycin dosing (600 mg to 2.4 g 8-
hourly dependent on severity of infection) should be
reduced in the presence of either significant renal or
hepatic impairment.

12.2.11
Linezolid

Linezolid is the first of a new class of antimicrobials
called the oxazolinediones.

12.2.11.1
Pharmacokinetics

) General (see Table 12.2)
Linezolid has a Vd consistent with total body water and
a T1/2 of 3.5–6.0 h [234]. It widely distributes into tis-
sues including inflammatory fluids, extracellular lining
fluid and CSF [235, 236]. Linezolid is mostly metaboli-
sed and then renally cleared although no dose adjust-
ment is recommended in renal dysfunction [237] or he-
patic dysfunction [235].

12.2.11.2
Pharmacodynamic Principles of Linezolid

In animal models, T>MIC was the major predictor of
efficacy with S. pneumoniae in a murine thigh infection
model [238] and a rat pneumonia model [239]. In both
models T>MIC of 40–45% was the best predictor of
outcome. Subsequent animal models using S. pneumo-
niae, S. aureus and pneumococci have predicted that an
AUC0–24/MIC ratio of 50–80 correlates well with effica-
cy [240]. A 600-mg 12-hourly dose should achieve this
ratio in humans against susceptible organisms with
MICs up to 2–4 mg/l. There is some information to
suggest that maximal S. aureus killing may occur when
T>MIC for 100% of the dosing interval [35].

12.2.11.3
Linezolid Dosing in Critically Ill Patients with Sepsis

Effect of ‘Third-Spacing’ on Linezolid Dosing

Third spacing is likely to result in increased Vd and a
decreased Cmax but this should not be clinically signifi-
cant.

Effect of Organ Dysfunction on Linezolid Dosing

Hepatic dysfunction is not likely to alter the dosing
schedule for linezolid, as metabolism occurs non-enzy-
matically [235]. No data in severe hepatic dysfunction
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is currently available. Dose adjustment in renal failure
is also not recommended at this time, even though ac-
cumulation of metabolites has been shown [235, 237].

Potential Drug Interactions Associated with Linezolid

Although linezolid undergoes non-enzymatic metabo-
lism, it has been shown to affect warfarin activity by de-
creasing the mean international normalised ratio
(INR) by 10% in healthy volunteers [241]. Warfarin
should be carefully dosed in such patients.

Linezolid is a reversible non-selective inhibitor of
monoamine oxidase (MAO) [235]. As such it may have
potential drug interactions with drugs that inhibit MAO
resulting in an increased vasopressor response. In criti-
cal care units, ongoing blood pressure monitoring re-
duces the significance of this interaction. Linezolid may
also contribute to serotonin syndrome if co-adminis-
tered with sympathomimetic amines (e.g. pseudoephed-
rine) or tyramine (as found in mature cheese, soya beans
and yeast extracts). This interaction may be more prob-
lematic in critical care units as a ventilated patient with
concurrent prescription of muscle relaxants may not dis-
play the classical symptoms of serotonin syndrome such
as confusion, delirium, restlessness and tremor.

Myelosuppression and Linezolid

In the majority of patients, linezolid is safe and well tol-
erated for up to 28 days at 600 mg twice daily [242]. Evi-
dence exists that therapy longer than 14 days can rarely
cause reversible myelosuppression [243], although a
causal relationship has not been established. As such
patients prescribed linezolid should have complete
blood counts ordered weekly if 2 or more weeks treat-
ment is indicated [242].

12.2.11.4
Summary of Linezolid in Critically Ill Patients with Sepsis

Linezolid is the first oxazolidinone released and is suit-
able for the treatment of Gram positive infections. No
evidence exists for dosing other than 600 mg 12-hourly
exists in critically ill patients at this time, even those
with third-spacing or renal and/or hepatic dysfunction.

12.3
Duration of Antibiotic Therapy for Critically Ill
Patients with Sepsis

Little data exists to rationally guide duration of antibi-
otic treatment in critically ill patients. However, in-
creasing awareness of the risks of prolonged courses of
broad spectrum agents has led internationally to a
trend towards shortening the length of treatment. Most

courses of antibiotics in ICU are given for an empirical
duration based upon site of infection and pathogen.
Some data exist to modify durations based upon clini-
cal response.

The Infectious Disease Society of America (IDSA)
guidelines on management of Community Acquired
Pneumonia (CAP) in adults [244] suggests that length
of treatment should be guided by clinical factors, such
as response, severity, and co-morbidities. Specifically,
they note that pneumonia caused by Streptococcus
pneumoniae should be treated until the patient has
been afebrile for at least 72 h. Similar recommenda-
tions are made for management of neutropenic pa-
tients with cancer [244], based upon duration of fever
and neutrophil count.

Evidence based data to guide duration of treatment
are sparse. Singh et al. [245] examined the effect of a 3-
day course of ciprofloxacin as compared to standard
antibiotic treatment for 10–21 days for ICU patients
with pulmonary infiltrates, but thought to have a low
risk of pneumonia. They documented no difference in
mortality and a lower length of stay in the short dura-
tion group. Antimicrobial resistance and superinfec-
tion rates were higher in the group receiving standard
treatment. A French study examined the effects of an 8-
day antibiotic course compared with 15 days in the
management of ventilator associated pneumonia [246].
A total of 401 patients were enrolled, and no difference
in mortality, duration of mechanical ventilation, or
length of stay was noted. The authors did comment on
a higher recurrence rate of pulmonary infections in pa-
tients with P. aeruginosa managed with the shorter
course; this was not associated with unfavourable out-
comes. Denneson et al. examined the resolution of in-
fectious parameters in 27 patients with diagnosed VAP
[247]. They determined that maximum resolution oc-
curs in the first 6 days of treatment, whilst acquired col-
onisation with resistant pathogens appears primarily
in the second week. Based on this data the authors hy-
pothesised that a 1-week course of antibiotics may be
sufficient to treat VAP whilst decreasing the rate of
emergence of resistant bacteria.

The Surviving Sepsis Campaign [248] published an-
tibiotic treatment guidelines in 2004. These guidelines
recommend a typical 7- to 10-day course of antibiotic
therapy that should be guided by microbiological re-
sults and clinical response.

In summary, whilst there is little evidence to guide
the clinician in deciding the optimal duration of treat-
ment of infections in the critically ill, there is a move to
decrease the duration of antibiotic therapy. Increasing
awareness of the emergence of multi-resistant patho-
gens is leading to reluctance to engage in protracted
courses of broad spectrum antibiotics, and whilst this
appears to be supported by the data, larger clinical tri-
als are urgently required.
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12.4
Conclusion

Current antibiotic regimens have mostly been derived
from trials with patients who are not critically ill with
conditions such as sepsis. In order to optimise antibiot-
ic regimens in patients with sepsis, the pathophysiolog-
ical effects of SIRS need consideration, in conjunction
with knowledge of the different kill characteristics of
the various antibiotic classes. The end result will be
doses and regimens that are more appropriate for use
in critically ill with sepsis that may differ from more
common antibiotic prescribing practices.

Certain antibiotics can have a high Vd, hence lead-
ing to low Cmax during sepsis. It follows then that under-
dosing may occur if a high peak is needed (e.g. amino-
glycosides).

The Vd of antibiotics that distribute primarily into
extravascular water, namely aminoglycosides, vanco-
mycin and, to a lesser extent, q -lactams, changes with
clinical severity, so dosing may need to be altered dur-
ing the course of illness, something not described for
non-critically ill patients.

Some patients with serum creatinine within the nor-
mal range can have higher than normal drug clear-
ances, thereby producing low serum concentrations. If
a drug needs to have a minimum serum concentration
maintained (e.g. q -lactams), a high drug clearance will
lead to underdosing for renally excreted drugs. In other
words when creatinine clearance is high, the renal
clearance of these drugs will be high. In relation to the
aminoglycosides this means that not only are large
doses required to be administered, but because of high
creatinine clearances these antibiotics may also need
dosing even more frequently than every 24 h. As dis-
cussed above, all q -lactams should, in such patients, be
dosed more frequently than suggested in non-sepsis
patients. In view of renal clearance of the fluoroquino-
lones, in the presence of high creatinine clearances we
can assume fluoroquinolone clearance is also high. If
this were to be true these antibiotics would also need to
have higher daily doses than proposed in the standard
literature.

Treatment of sepsis remains a significant challenge
given persisting high mortality and morbidity rates.
Data suggests that effective antibiotic therapy remains
the most important intervention available to the clini-
cian. In treating sepsis, a clinician must be aware of the
impact of the various pathophysiological and subse-
quent pharmacokinetic changes that can occur during
sepsis. In this article we have described the common
antibiotic classes and the PD features that must be re-
cognised to optimise clinical efficacy. Facilitation of
these PD parameters will optimize antibiotic therapy in
septic patients, and augment therapeutic outcomes.
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13Prescription of Antimicrobial Agents in Patients
Undergoing Continuous Renal Replacement
Therapy
R. Freebairn, J. Cohen, J. Lipman

13.1
Introduction

The prescription of antibiotics to critically ill patients is
an extremely common intervention. Early and appro-
priate antimicrobial administration has been repeated-
ly shown to improve mortality in septic patients [1–7].
However, whilst the choice of drug class will normally
be influenced by numerous factors such as the likely or-
ganism, the current unit flora, and the patient’s co-
morbidities, the dose prescribed will usually be a stan-
dard one, perhaps modified by an estimated glomeru-
lar filtration rate (GFR) or a suggested “dialysis dose”.
Yet, in the critically ill, a host of factors may influence
the therapeutic level of prescribed antibiotics. These
include increased volumes of distribution, changes in
protein binding and increased extrarenal and renal
losses all of which may contribute to lower than pre-
dicted drug levels when the usual patient dosage regi-
mens are used [8]. The problem becomes more com-
plex when renal failure supervenes. The addition of re-
nal replacement therapy, restoration of renal function
during recovery and alterations in volume of distribu-
tion may all lead to lowered tissue levels of antibiotics,
with the potential to increase morbidity and mortality
through inadequate antibiotic activity [9, 10]. Whilst
pharmacokinetic and pharmacodynamic principles of
antibiotic dosing are receiving increased interest [11],
the recent widespread uptake of renal replacement
therapies in the ICU has exposed a hole in our knowl-
edge of the correct dosage adjustments to make when
employing such strategies.

Altered dosing regimes are necessary when patients
with renal failure require antibiotic therapy. There is a
plethora of guidelines describing dosage adjustment in
the presence of chronic renal impairment including
whilst on dialysis. However, most of these refer to inter-
mittent or peritoneal dialysis. While these serve as im-
mediately accessible guides, the application of these to
the critically ill with acute renal failure undergoing
continuous or frequent intermittent renal replacement
techniques may be hazardous.

There are a multiplicity of renal replacement tech-
niques and daily dialysis “doses” with little consensus

on appropriate dose, optimal techniques or even defi-
nitions [12, 13]. ICU patients need distinct and data-
based dosages taking into account specific co-morbidi-
ties and current treatment regimens [14]. Dosages
based on cookbook formulae for “dialysis” are often “a
pure gamble” [15].

Whenever practicable, antibiotic dosing regimens
should be monitored by analysis of serum drug levels.
This is particularly relevant in renal failure and in the
critically ill, where elevated levels may precipitate
worsening renal clearance, further increasing the anti-
biotics toxicity. Underdosage may result in resistance
developing [16]. Knowledge of serum antibiotic levels
provides evidence that therapeutically useful levels are
attained and that the safety profile of the drug is main-
tained. These parameters differ between different anti-
biotic classes. Unfortunately, apart from a very few an-
tibiotics with a toxic profile, antibiotic assays are not
routinely available outside of research facilities.

Whereas aminoglycoside and glycopeptide dosage
intervals are greatly simplified by routine monitoring
of concentrations, other antibiotics are not measured,
and toxic levels may only be apparent with the onset of
a complication such as seizures. Guidance to doses and
dosing intervals is well established in chronic renal fail-
ure; however, occasionally with very severe infections,
such as endocarditis and meningococcal septicaemia
treated with penicillin, the narrow line between ensur-
ing effectiveness and toxicity is best managed by intro-
ducing synergy with a second antibiotic.

13.1.1
Indications for Renal Replacement Therapy

Discussion of the indications for renal replacement
therapy (RRT) and continuous RRT (CRRT) are beyond
the scope of this chapter. While current recommenda-
tions include fluid overload, hyperkalaemia, severe aci-
dosis, and uraemic pericardial effusions in the pres-
ence of acute renal failure, irrespective of indication,
optimal timing of initiation of CRRT remains contro-
versial [17, 18].
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13.2
Definitions
13.2.1
Acute Renal Failure

There are multiple definitions and limited consensus on
the nomenclature of acute renal failure [13]. A pragmatic
approach provided by Bellomo et al. utilises a classifica-
tion scheme based upon GFR and urine output [13]. An-
tibiotic dosage requirements fall if renal clearance de-
clines. The addition of CRRT has a variable influence on
clearance, which is dependent upon the antibiotic type,
patient comorbidity, and the actual technique used.

13.2.2
Renal Replacement Therapy

The ambiguity surrounding the type and style of RRT
in part arises from evolution of techniques. It is only re-
cently that the dedicated propriety CRRT machines
have become commonplace in intensive care units. Pri-
or to this many hybrid techniques had been devised,
adopted either during transition from arteriovenous
systems, the modification of intermittent dialysis tech-
niques, or the fusion of both [12, 17, 19, 20]. The multi-
ple systems deliver different doses of dialysis and filtra-
tion through a variety of filter membranes [21]. The ap-
plicability of pharmacokinetic data collected using one
system to another was unknown, and marked differ-
ences in clearances have occurred when CRRT parame-
ters have been altered [20]. The uniformity of propriety
machines and filters has reduced the chaos, but the ad-
ditional hybrid techniques such as slow low-efficiency
daily dialysis (SLEDD) introduces yet another set of
variables [20, 22]. Standardized nomenclature using to-
tal daily dialysis dose and total daily filtration dose may
reduce ambiguity [13, 23, 24]. To be useful in guiding
antibiotic prescribing, descriptions in the presence of
RRT need to include details of all these variables.

13.3
Fundamental Antibiotic Pharmacokinetics
13.3.1
Volume of Distribution

The volume of distribution (Vd) is the apparent volume
into which a drug distributes. Volume of distribution
does not relate to an anatomical volume, as is demon-
strated by metronidazole and ciprofloxacin having vol-
umes of distribution of greater than 1 litre per kilogram
of body weight. This means these drugs distribute
much more widely than plasma volume.

Drugs with a high volume of distribution require
less frequent dosing, even in the presence of a high
clearance. With high clearances, although the drug is

completely cleared from that volume of plasma, a large
volume of distribution means that the subsequent fall
in concentration is small. Therefore the dose of drug re-
quired to replace the cleared antibiotic is small and re-
placement doses need not be as given frequently. Renal
replacement therapy has a less marked effect upon ki-
netics in this class of drug.

Volumes of distributions in critically ill patients
vary from those of healthy volunteers [25, 26]. These
changes are unpredictable, and alter over time in rela-
tion to deteriorations and improvements in patients’
condition and in response to other medications being
administered [25, 27–29]. In sepsis, and burns, for ex-
ample, Vd is usually increased, which has implications
for antimicrobial dosing regimes [26, 30]. Normal load-
ing antibiotic doses may require augmentation, while
in renal failure subsequent doses are given less fre-
quently. An increased Vd due to critical illness and flu-
id overload at the onset of oliguria, however, would dic-
tate that the normal loading antibiotic doses should at
least remain unchanged if not increased, while subse-
quent doses are given less frequently.

13.3.2
Half-life

Half-life (t1/2) is the time required to change the amount
of drug in the blood by one-half during its (the drugs’)
elimination. Recommendations on suitable antibiotic
dosage intervals during RRT or acute renal failure are
based on estimations of the half-life (t1/2). Half-life,
clearance and volume of distribution are mathemati-
cally coupled, such that increases in the volume of dis-
tribution with a constant clearance will result in a lon-
ger half-life of the antibiotic. Changes during acute and
recovery phases of illness alter antibiotic volume of dis-
tribution [10]. In addition to interpatient variability, ti-
tration of other treatments over time, such as weaning
haemodynamic support, may influence antibiotic
pharmacokinetics [31, 32].

13.3.3
Clearance

Total clearance while receiving RRT is the sum of clear-
ance by RRT system, residual renal clearances and non-
renal clearance (such as metabolism by liver or loss
through biliary excretion). Clearance in renal failure
even whilst on RRT is likely to be less than normal
healthy kidneys and thus t1/2 will be prolonged. There-
fore dosage intervals more often need to be increased in
patients who are RRT dependent. However, implemen-
tation of RRT for indications other than oliguric renal
failure may result in higher than expected clearances.
Drugs that are rapidly cleared by CRRT may need to be
increased [8].
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Typically levofloxacin, aminoglycosides, glycopep-
tides, most of the beta-lactams and fluconazole have pro-
longed t1/2 on RRT and need prolonged dosage intervals,
whereas ceftriaxone, clindamycin, macrolides, metroni-
dazole, itraconazole, amphotericin B, acyclovir, rifampi-
cin and ciprofloxacin have substantial non-renal clear-
ances and t1/2 during RRT is only marginally increased.
As previously mentioned the proportion of non-renal
clearances may increase in the presence of renal failure.

The volume of blood/serum/ plasma cleared by the
renal replacement per hour is the sum of the product of
the filtration rate and the sieving coefficient, and the
product of the dialysis rate and the saturation coeffi-
cient. An additional amount may be also be cleared by
absorption on to the membrane.

Total body clearance per day is the sum of the clear-
ance by continuous RRT filtration, absorption and dial-
ysis clearance per day and the total daily renal and non-
renal clearance of the drug. Time off dialysis will obvi-
ously decrease daily clearances.

13.3.4
The Sieving Coefficient

The sieving coefficient describes the fraction of drug
eliminated from the plasma into the filtrate. The calcu-
lation of sieving coefficient is made by dividing the fil-
tration drug concentration by the plasma concentra-
tion using samples taken simultaneously during elimi-
nation phase. A sieving coefficient of 1 represents un-
fettered passage of drug from the blood to the filtrate,
with no retention by the filtering process.

The degree of protein binding inversely affects the
sieving coefficient. Some antibiotics are highly protein
bound and hence have a very low sieving coefficient.

For many antibacterials this reduction is not a sig-
nificant issue, but some, such as ceftriaxone and diclo-
xacillin, are highly bound to albumin, while others are
highly bound to other proteins, such as clindamycin to
alpha-1-acid glycoprotein. Not only are free concentra-
tions diminished but also such drugs are retained by
the protein and thus not easily eliminated by renal re-
placement techniques. With these antibiotics the rec-
ommended regimes for use in anuric patients may be
appropriate, with no adjustment in dose or frequency
required if extracorporal renal replacement therapy is
introduced.

Complicating this issue, particularly in the critically
ill, is that of changes in protein binding. This may be
due to displacement by other medications, hyperbiliru-
binaemia, acidosis or reductions in circulating plasma
protein levels. Drugs with a high sieving coefficient
may have their clearances increased as a result of this
phenomenon [33, 34].

Sieving coefficients may also be altered when predi-
lution and postdilution ratios are varied [35, 36]. In a

study comparing different pre-dilution to post-dilution
ratios the sieving coefficient for vancomycin decreased
with decreasing pre-dilution while its clearance in-
creased.

Higher sieving coefficients greater than one are only
possible in some circumstances and represent an active
process. Such occurrences reflect either protein clear-
ance, precipitation, or filter electrostatic interactions.

While the sieving coefficient is specific to the drug
and membrane, clearances achieved by extracorporal
systems are dependent on system design and flow rates
through the system. The clearance in theory can be cal-
culated from the filtration rate multiplied by the siev-
ing coefficient. When dialysis is incorporated the satu-
ration coefficient can be calculated from the dialysate
concentration divided by the blood concentration.
However, the saturation coefficient is dependent upon
the filter size and flow rates. At high flow rates with
small filter sizes contact time may be inadequate to
achieve equilibrium, with a resultant drop in the satu-
ration coefficient. Saturation coefficients are therefore
expressed within certain flow and filter size parame-
ters. Reducing blood flow rates encourages more com-
plete equilibration of dialysate with blood and thus im-
proves the saturation coefficient. It does not necessarily
improve clearance.

13.4
Determinants of Antibiotic Clearance in CRRT
13.4.1
Patient Specific Factors

Critical illness, multi-organ dysfunction and, in partic-
ular, renal failure induce numerous physiological
changes that can impact upon antibiotic levels. Alter-
ations in total body water, volume of distribution, plas-
ma protein levels, acid-base status, and vital organ
function will all impact upon antibiotic pharmacoki-
netics. Thus several factors need to be taken into ac-
count when prescribing in this patient group.

13.4.1.1
Residual Renal Function

Most antibiotics are cleared from the blood stream by
the kidneys and excreted largely unchanged in urine.
Thus oliguria induces accumulation. While oliguria is
common, many patients have some degree of residual
renal function. This residual renal function may be in-
sufficient to maintain physiologic homeostasis, but the
presence or absence of such function may have a large
effect on the clearance of antibiotic and other medica-
tions. A standard CRRT using 2,000 ml/h of combined
filtration and dialysis produces a maximum 33 ml/min
clearance. An additional glomerular filtration of
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10–15 ml/min, while small in itself, represents a 30%
increase in total clearance. If antibiotic levels are to be
aimed towards a therapeutic target, fluctuations of this
magnitude make acquiring the target from fixed RRT
formulae extremely rare.

Patients receiving RRT for indications other than
oliguric acute renal failure, such as blood purification
strategies in sepsis, or early in renal failure in an at-
tempt to preserve renal function, present a complex co-
nundrum. Significant intrinsic renal function may be
preserved, and the addition of filtration or dialysis to
patients with preserved renal function may require in-
creased dosing of antibiotic [37, 38]. The evidence does
not support this indication for CRRT and appropriate
antibiotic dose regimes with this indication are un-
known.

Unfortunately estimation of residual renal function
is often impracticable to measure. Unstable creatinine
kinetics from variable urine output and creatinine pro-
duction in critically ill patients make accurate estima-
tion of glomerular filtration rate (GFR) unreliable.
Plasma creatinine may be influenced by factors such as
drugs and feeding, masking changes in renal function,
and prediction equations are inaccurate in unstable
ICU patients [39].

13.4.1.2
Non-Renal Clearance

In the presence of renal failure non-renal mechanisms
of drug elimination may increase. Increased propor-
tions of clearance of a number of antibiotics due to
non-renal mechanisms have been previously reported
in anuric patients and patients receiving CRRT
[40–43]. Non-renal clearance and tissue distribution
may not be constant during acute renal failure [44]. For
example, although renal clearance of imipenem falls,
non-renal clearance may provide 90 ml/min in acute
renal failure, while non-renal clearance is only 50 ml/
min as end stage renal failure develops [45]. Similarly at
the onset of acute renal failure normal non-renal clear-
ance of vancomycin is preserved [46]. However with
time, non-renal clearance decreases, eventually ap-
proaching the clearance observed in patients with
chronic failure. In some circumstances, such as high
fluid losses in burns or the use of vasoactive substances
to augment cardiac output, clearances may be in-
creased above that expected from renal function [47].
Thus timing, other organ dysfunction and co-morbidi-
ty may all influence the degree of non-renal clearance.

13.4.1.3
Extrinsic Losses

In addition to the normal mechanisms of drug clear-
ance (largely hepatic), patients with critical illness may

have high insensible or wound losses that may clear sig-
nificant volume of antibiotic. Debridement or ongoing
fluid losses into dressings or drains may increase sig-
nificantly “clearances” of antibiotics. Fluctuations in
losses over time may alter antibiotic tissue levels. The
fluid losses, with progressive renal dysfunction, fol-
lowed by the addition of CRRT may result in widely in-
consistent and unpredictable levels of antibiotics.

13.4.1.4
Plasma Protein Level

While the use of albumin as a resuscitation fluid does
not improve outcome, the addition of plasma protein
may alter the characteristics of antibiotic clearances.
Sieving coefficients are altered by the plasma protein
level [34]. The toxicity of amikacin is related to the cir-
culating albumin level [48]. If plasma protein levels are
not accounted for, both clearance and plasma levels
may be altered.

13.4.2
Renal Replacement Technique Specific
13.4.2.1
General Comments

The pharmacokinetics of drugs in critically ill patients
on CRRT depends on many factors. There is a complex
interaction between the patient, the drug and the type
of renal replacement therapy. The drug factors include
molecular size, protein binding, charge and volume of
distribution. Concomitant medications may alter bind-
ing and volume of distribution and thus clearance.

The factors relevant in the renal replacement therapy
include the type and size of filter used, adsorption of
drug onto the filter, the blood flow rate, the ultrafiltra-
tion rate, the rate of predilution, and the rate of counter-
current dialysis, as well as the total duration of therapy.

The procedure chosen varies with the patients’
needs and local policy, resources and experience. How-
ever, subtle changes in technique may profoundly alter
clearance and thus antibiotic dosage requirement.

13.4.2.2
Filtration Vs. Dialysis

Continuous veno-venous haemofiltration (CVVHF)
antibiotic clearance is by convection. The sieving coef-
ficient and ultrafiltration rate are considerably more
significant than molecular size. Conversely, removal by
continuous haemodialysis (CVVHD) is a diffusive pro-
cess that is molecular weight sensitive and thus better
suited to removal of molecules below 500 Da. Conse-
quently clearance of antibiotics with larger molecular
weights such as glycopeptides (>1,100 Da) may be
more efficient with CVVHF than CVVHD.
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At any filtration rate, clearance is most efficient for
antibiotics with the highest sieving coefficients. These
include aminoglycosides, carbapenems, metronidazole
and vancomycin, all have sieving coefficients between
0.9 and 1. Cefuroxime, cefotaxime, and ceftazidime al-
so have moderately high sieving coefficients, 0.9, 0.62,
and 0.86, respectively, and are efficiently cleared by ha-
emofiltration. Antibiotics with the highest sieving coef-
ficients are also most influenced by changes in the fil-
tration rate.

Most antibiotics other than vancomycin and teico-
planin are of low molecular weight and are also easily
removed by diffusion during CVVHD. Consequently
most antibiotics are readily cleared by CVVHDF, and
once creatinine clearances approach 35 ml/min, there
may be little need to extend dosage intervals for stan-
dard doses for fear of toxicity. Antibiotics such as glyco-
peptides and aminoglycosides can, and should, be
monitored with titration of dosage regimes accord-
ingly.

13.4.2.3
Exchange Rates

Many regimes utilise a 33-ml/min exchange rate, but
this may vary. Addition of dialysis to CVVHDF is often
accompanied by a reduction in filtration rates to keep
the total exchange at 33 ml/min. High volumes of ex-
change such as with high volume filtration may signifi-
cantly increase antibiotic clearance [35]. However,
clearances may also alter with the mode of RRT. Vanco-
mycin has increased clearance with filtration compared
to dialysis [49]. Thus exchanging a 33 ml/min filtration
rate for a 16.5 ml/min filtration and16.5 ml/min dialysis
rate may not produce identical clearances. Predilution
volumes also alter filtration clearances with maximal
vancomycin clearance achieved when one-third of re-
placement fluid was given pre-filter [35]. Optimal
clearances seem to be achieved with one-third of re-
placement fluid given pre-filter. Thus acute renal fail-
ure patients treated with CRRT should receive a vanco-
mycin starting dose similar to that of patients with nor-
mal renal function and then levels monitored.

As a general rule severely infected patients with
poor renal function or who are dependent on renal re-
placement should receive normal antibiotic doses giv-
en less frequently. Whenever possible these patients’
antibiotic levels should be monitored by troughs and
post-administration peaks to avoid toxicity. While ide-
ally, this should be all antibiotics, in reality commercial
assays are only available for aminoglycosides and gly-
copeptides.

13.4.2.4
Membrane

Membrane properties vary between manufacturers,
with a wide variety of polymers, pore width, and mem-
brane structures available as a commercial filter. Many
antibiotics appear to be unaffected by the type of mem-
brane [36, 50, 51]. However, the clearance of other anti-
biotics appears membrane dependent, with AN69
membranes achieving lower clearances of ceftriaxone
and ceftazidine [52, 53]. In some circumstances clear-
ance is membrane dependent only [54]. Cefpirome
clearance appears filtration and membrane indepen-
dent during filtration. However, cefpirome clearance
was improved with increasing dialysis rates across po-
lyacrylnitrile membranes (while unaffected if a poly-
amide filter was used [54]).

13.4.2.5
Duration of Therapy

Continuous methods may simply deliver the dose of di-
alysis over the entire day, while alternative methods
(SLEDD, daily IHD) deliver equivalent doses over a
shorter period. Dosing regimes for IHD and CRRT can-
not necessarily be extrapolated for critically ill patients
treated with renal replacement hybrids such as slow
low-efficiency dialysis (SLED), sustained low-efficien-
cy daily dialysis (SLEDD), and extended daily dialysis
(EDD) [20, 22, 55].

Dosing data in the newer forms of haemodialysis are
even more limited than other forms of RRT. The extent
of drug removal can vary immensely between each di-
alysis approach and unique characteristics concerning
each patient’s ability to store and remove it [22]. Re-
peated frequent intermittent haemodialysis or filtra-
tion may alter intrinsic clearance and sieving or satura-
tion coefficients thus changing antibiotic dosing needs.

In clinical practice, circuit failures such as clotted
filters require replacement, and both diagnostic and
therapeutic procedures (e.g. CT scan, tracheostomy)
interrupt “continuous” RRT. The accumulated intervals
produce fluctuating daily doses of CRRT, impacting up-
on antibiotic clearance, and confounding time based
antibiotic dosing schedules. Thus time off dialysis com-
plicates antibiotic clearances and hence dosing even
further.

13.4.2.6
Absorption to Membranes

While filtered and dialysed clearance can be accounted
for by measurement of losses in the filtrated and dialy-
sed volume produced, losses due to absorption on the
membrane are more difficult to establish [36]. Howev-
er, in some circumstances, particularly if filters are
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changed frequently, drug may be absorbed to the mem-
brane filter. The clinical relevance of this currently un-
clear.

13.4.3
Antibiotic Specifics

The goal of drug administration is to achieve adequate
effects with minimal or no adverse effects. It would be
ideal to be able to measure infection-site antibiotic con-
centrations (e.g. for lung infections pulmonary paren-
chymal levels, for soft tissue infections interstitial lev-
els, etc.) and correlate these to clinical outcome. Whilst
this has recently become a possibility in isolated re-
search units, clinical utility is still unidentified. There-
fore more surrogate endpoints of antibiotic dosing have
to be utilised clinically until this tool becomes more
routine. Understanding of, and thereby utilising, the
relationship between the pharmacodynamic and phar-
macokinetic properties of the various classes of antibi-
otics helps to determine the optimal dosage regimen
and predicting which pharmacokinetic parameter
should correlate best with clinical efficacy [56]. Param-
eters to consider include: peak drug concentration,
time above the minimum inhibitory concentration
(MIC), the area under the serum concentration time
curve and the area under the inhibitory curve (AUC/
MIC or AUIC) [56]. The pharmacodynamics of antibi-
otics relate to the time course of drug activity and the
mode of action on bacteria (‘kill characteristics’) [56].
This includes the post-antibiotic effect (PAE) and other
persisting drug effects.
q -Lactams have a characteristic slow continuous

(time-dependent) kill characteristic. The cephalospo-
rin and penicillins are dependent on levels being main-
tained above MIC (sometimes 5×MIC) [56]. This con-
trasts with the kill characteristic of aminoglycosides,
which is concentration dependent. A high peak con-
centration of an aminoglycoside provides a better, fast-
er killing effect on standard bacterial inocula. All ami-
noglycosides exhibit a significant post-antibiotic effect
(PAE) – the continued suppression of bacterial growth
despite zero serum concentration of antibiotic. The du-
ration of this effect is variable and dependent on sever-
al factors, the most important of which is the preceding
peak, i.e. is concentration dependent. PAE is much
more pronounced in aminoglycosides than other anti-
biotics, and more pronounced with Gram-negative ba-
cilli than with other bacteria.

The efficacy of aminoglycosides (such as gentami-
cin) is dependent upon peak concentrations. Increases
in volumes of distribution (from volume overload and
leaking capillaries), changes in protein binding and
protein concentrations may all lower the peak level
seen in the critically ill patient with acute failure. There
is a natural tendency to lower the doses of renally toxic

antibiotics in the presence of acute renal failure. How-
ever, sometimes standard doses of antibiotics should
be administered, accounting for the increased volume
of distribution. The presence of acute renal failure for
the aminoglycosides and the glycopeptides should
mandate the measurement of levels at frequent inter-
vals. Repeated doses should not be given until the level
falls below the recommended trough for these antibiot-
ics.

13.5
Specific Issues with Antibiotic Dosing
During CRRT
13.5.1
Aminoglycosides

Aminoglycosides have a narrow therapeutic window
and unpredictable pharmacokinetics in the critically
ill. Renal hypoperfusion from any cause, and sepsis,
even without overt shock, increases the risk of amino-
glycoside renal toxicity. For patients undergoing CRRT
individualised dosing regimes guided by repeated se-
rum aminoglycoside measurements are appropriate
[57, 58]. Increased toxicity of prolonged elevated levels
of aminoglycosides in patients with renal failure receiv-
ing large once daily doses may be reduce aminoglyco-
side value [59]. Aminoglycoside-related hearing loss is
multifactorial, is worsened by renal failure, and may
progress despite discontinuing the antibiotic [60, 61].

13.5.2
Glycopeptides

As glycopeptides have proportionally high renal clear-
ances, acute renal failure dramatically extends t1/2.
While membranes previously used for IHD did not re-
move vancomycin, the high flux membranes employed
for CRRT effectively clear much of the vancomycin. Se-
rum levels should guide dosing [35].

13.5.3
Beta-Lactam Antibiotics

In-vivo animal experiments have demonstrated that
the kill characteristics of q -lactam antibiotics differ sig-
nificantly from those of aminoglycosides. q -Lactams
have a slow continuous kill characteristic. Bacterial
killing, therefore, is almost entirely related to the time
for which levels in tissue and plasma exceed a certain
threshold. As these antibiotics have a large therapeutic
ratio due to their low toxicity rate even at high doses, it
has been suggested that levels should be kept some-
times up to five times the MIC [56].
q -Lactam antibiotics are widely used in the critically

ill. However, adverse central nervous system effects in-
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cluding confusion, psychosis, myoclonus and seizures
have not infrequently been implicated with antibiotics
usage in renal failure [61–64]. q -Lactam antibiotics in-
duce convulsions by interfering with gamma-aminobu-
tyric acid (GABA) pathways. Brain antibiotic levels are
increased by uraemia, further increasing the risk of
toxicity [61].

13.6
Special Considerations
13.6.1
Antibiotic Combinations

For a variety of reasons antibiotics are combined with
other substances to enhance efficacy. Such examples
are cotrimoxazole, where two antibacterial agents com-
bined cause two breaks in a vital microbial pathway,
imipenem, where cilastatin reduces the toxicity pro-
duced by the renal metabolism of imipenem, and cla-
vulanic acid or sulbactam, where the additive reduces
the q -lactamase activity, and thus broadens the spec-
trum of the antibacterial agent used.

13.6.1.1
Imipenem

Imipenem, a broad spectrum carbapenem antibiotic, is
presented in fixed combination with cilastatin [65].
Imipenem can be metabolized by dipeptidase, dehyd-
ropeptidase I, located at the lumenal surface of the re-
nal proximal tubular cells. Cilastatin inhibits the me-
tabolism of imipenem, therefore lowering the dosage
requirement, thus reducing tubular toxicity. Renal
clearance is by glomerular filtration and active tubular
secretion for both imipenem and cilastatin [66]. With
increasing renal dysfunction, the half-life of imipenem
is controlled by a metabolic clearance pathway which is
unaffected by cilastatin [66], imipenem metabolites as
well as imipenem. While imipenem is effectively clea-
red, cilastatin is not easily removed by intermittent ha-
emodialysis or CRRT. The doses of imipenem recom-
mended for patients with end stage renal failure, how-
ever, will lead to underdosing and inadequate antibiot-
ic therapy during RRT [45]. High imipenem doses inev-
itably result in a marked accumulation of cilastatin.
However, high doses of the carbapenem may be re-
quired during continuous RRT [67–69]. As the phar-
macokinetic properties of the co-drugs differ, care
must be taken with imipenem/cilastatin (and panipe-
nem/betamipron) to prevent accumulation [70]. Other
carbapenems which do not require co-drugs, such as
meropenem, may be preferred and have less risk of
neurotoxicity at high doses [71].

13.6.1.2
Beta-Lactamase Inhibitors

Beta-Lactamase inhibitors have similar complexities.
Renal clearance, volume of distribution and protein
binding differ between the three commonly used beta-
lactamase inhibitors. When choosing combinations of
beta-lactam antibiotic and beta-lactamase inhibitor, it
is important to ensure that not only are the pharmaco-
kinetic properties of drug and inhibitor similar, but
that they remain similar under changing pathophysio-
logical conditions, including clearance by extracorpo-
real techniques [72]. Kinetics of piperacillin, in combi-
nation with the beta-lactamase inhibitor tazobactam,
have been studied in volunteers and patients in rela-
tively stable conditions. The piperacillin-tazobactam
combination at a ratio of 8:1 has ideal pharmacokinetic
properties in normal or slightly impaired renal func-
tion. However, in RRT dependent patients, while the
fixed drug preparations can be used initially the pipe-
racillin dosage needs to be increased relative to that of
tazobactam to prevent accumulation of tazobactam
[73]. Use of supplemental doses of piperacillin alone
should be considered.

13.6.2
Metabolites

While many of the antibiotics accumulate in the pres-
ence of renal dysfunction, accumulation may lead to in-
creased clearance by metabolism or by other pathways.
For example, the 15% of metabolised ciprofloxacin will
increase metabolites themselves which may accumulate
and reach levels that have either therapeutic or adverse
effects. These metabolites have varied clearances by fil-
tration. Addition of continuous RRT following accu-
mulation of a drug does not guarantee that the adverse
effect of the drug will be removed.

13.7
Final Comments

Inadequate or inappropriate antibiotics increase mor-
bidity and mortality in the critically ill [2, 16, 56, 74].
The optimal pharmacokinetic profile to achieve ade-
quate antimicrobial activity varies with antibiotic type,
the minimum inhibitory concentration of the antibiotic,
the specific strain of microbe, and the site of infection
[75]. While accumulation often occurs in acute renal
failure, increased volumes of distribution, non-renal
clearance and the addition of RRT may contribute to
produce sub-therapeutic antibiotic levels. Guidelines for
antibiotic dosing in critically ill patients are included in
Table 13.1. Consideration must be given to the technique
used, which may vary between different studies.
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Table 13.1. Recommended doses for “standard” RRT regimes (usually 33 ml/min exchange rates)

CVVHD CVVH SLEDD
Dose Interval Notes Dose Interval Notes Dose Interval Notes

Benzylpenicillin
Ampicillin
Flucloxacillin 4 g 8 h [76] 4 g 8 h [76]
Cephazolin 2 g 12 h 2 g 12 h 15–20 mg/

kg
Each
dialysis

[77]

Cefuroxime 750 mg 12 hrly [78] 750 mg 12 hrly [78]
Ceftriaxone 2 g 12 h [10, 79] 2 g 12 h [10, 79]
Ceftazidime 2 g 8 g 2 g 8 h [80]
Cefpirome 1 g 12 h [81]
Cefipime 1 g 12 g [82] 1 g 12 h [82] MI [51]
Imipenem/
cilastatin

1 g 24 hrly [68] 1 g 24 h [68]

Meropenem 1 g 8 hrly [69] 1 g 8 hrly [69]
Piperacillin/
tazobactam

4.5 g 8 hrly D [73, 83] 4.5 g 8 hrly D [73, 83]

Gentamicin 7 mg/kg SAM [84–86] 7 mg/kg SAM [84–86] 7 mg/kg SAM [85, 86]
Tobramycin SAM SAM SAM
Amikacin SAM SAM SAM
Ciprofloxacin 400–600 mg 24 h [41, 87] 600–800 mg 24 h [41, 88]
Moxifloxacin 400 mg 24 h [89]
Clindamycin 600–900 mg 8 h 600–900 mg 8 h
Levofloxacin 250–400 mg 24 h MB-PS

[41, 88]
250–400 mg 24 h MB-PS

[41, 88]
Linezolid 600 mg 12 h [42] 600 mg 12 h [90]
Vancomycin 450 mg 12 h [91] 25 SAM X 25 mg/kg SAM [22]

SAM SAM
Teicoplanin 800 mg SAM [92] 800 mg SAM [92] 800 mg SAM [92]
Amphotericin

Lipid complex
Liposomal 0.4 mg/kg 24 h 0.4 mg/kg Daily
Doxycholate

Metronidazole 500 mg 8 hrly [93] 500 mg 8 hrly [93] 500 mg 8 hrly [93]
Acyclovir 5–7.5 mg/kg 24 h [94] 5–7.5 mg/kg 24 h [94]
Fluconazole 800 mg 24 h [95] 500–800 mg 24 h [95] F10
Fluconazole 500–600 mg 12 hrly [8] 500–600 mg 12 hrly [8]

MB there may be significant binding of drug to membrane, MI membrane independent, no difference between PS and AN69
membranes, DD dual drug therapy accumulation of one of the components may be a problem (tazobactam, cilastatin), F1 lower
clearances at filtration of 1,000 ml/h, SAM serum antibiotic level monitoring recommended

Concerns of toxicity may influence clinicians to restrict
doses or antibiotic combinations, which may result in
non-optimal antibiotic use. Equally problematic is that
the complexity of managing the critically ill may hide
significant unrecognized adverse effects. For example,
it is possible that the diagnosis of a metronidazole in-
duced peripheral nerve toxicity in critically ill patients
with renal failure would be obscured by the presence of
uraemia and non-specific critical illness polyneuropa-
thy [61]. Other accumulation effects such as neurologi-
cal toxicity from cephalosporin may go unrecognisable
in the sedated patient, and may be of little or no clinical
consequence. Accumulation of antibiotics may affect
the central or peripheral nervous system, including the
auditory system, and the kidneys. These are outlined in
Table 13.2.

Table 13.2. Potential adverse effects of accumulation of antibi-
otics in the critically ill

Adverse effect on: Antibiotic group
Central nervous system Beta-lactams [61, 63]

Including carbapenems [71]
Quinolones [96]
Aminoglycosides
Antivirals [97]

Ototoxicity Cephalosporins [98]
Aminoglycosides [99, 100]
Macrolides [100, 101]
Glycopeptides [60]

Peripheral nervous system Penicillins [100]
Aminoglycosides [99]
Metronidazole [100]
Cindamycin [100]
Glycopeptides [60, 102]

Renal (tubular or
interstitial nephritis)

Penicillin [103, 104]
Cephalosporin [105, 106]
Aminoglycosides [99]
Glycopeptides [60]

Other Quinolones (tendons) [107]
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13.8
Summary and Conclusions

The clinician confronted with a patient on RRT requir-
ing antibiotic therapy must consider the effect of pa-
tient, machine, and drug variables.

The important patient variables include volume of
distribution, changes in plasma protein levels, and the
effects of residual renal function. Volumes of distribu-
tion are often increased in the critically ill, especially in
sepsis and burns. A patient with a high Vd at the onset
of oliguria may require an increased loading dose, and
a reduction in dose frequency.

Low plasma protein levels will be relevant when con-
sidering drugs that are normally highly protein bound,
such as ceftriaxone and dicloxacillin. An increase in
free drug concentration caused by hypoalbuminaemia
will lead to an increased clearance on RRT. Similarly,
drug toxicity may increase.

The effect of residual renal function must also be
considered. In the ICU setting RRT may be employed
without oliguria and in patients with a significant re-
maining intrinsic function. Dosage adjustments in this
group are difficult to estimate.

Machine variables relate to the type and duration of
therapy. With convection based techniques clearance
will be dependent primarily upon ultrafiltration rate and
sieving coefficient. Conversely, with a diffusive process,
molecular weight becomes a more important factor. With
either process, the clinician should attempt to take into
account the effect of unplanned treatment interruptions
– for surgery, or diagnostic procedures for example.

With regard to drug characteristics, the pharmaco-
dynamics and kill characteristics of the antibiotic be-
ing used must be considered. Aminoglycosides, for ex-
ample, that rely on upon peak concentrations to
achieve bacterial killing, will have a different dose ad-
justment to q -lactams that have time dependent kill
characteristics.

It is apparent that renal failure and the use of RRT in
the critically ill patient add a significant degree of com-
plexity to the prescription of antibiotics.

As the use of RRT increases throughout intensive
care there is as yet little good data to guide the clinician
in making the necessary dose adjustments to antibiotic
regimes. Currently available guidelines are often based
upon non-critically ill patients in chronic dialysis pro-
grams and their relevance to the ICU setting is ques-
tionable. Monitoring of antibiotic levels gives the most
useful clinical information at present, but its availabili-
ty is limited to only a few compounds.

The need for good quality data to guide clinicians in
this field is urgent. At present the best advice appears to
be to measure antibiotic levels where possible, and in
the case of published dialysis dose adjustments to re-
member that “one size does not fit all”.
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14Methods for Implementing Antibiotic Control
in the Intensive Care Unit
A. Sandiumenge

14.1
Introduction

In recent decades, multiresistant pathogens have be-
come established in our institutions, increasing mor-
tality, morbidity, patient length of stay and related eco-
nomic and social costs [1, 2]. Paradoxically, antibiotics
constitute an important part of both the problem and
the solution of resistance emergence and development.
According to a range of multicenter studies, ICUs are
the setting in which antimicrobials are most frequently
prescribed. Between 33% and 62.3% of patients admit-
ted to an ICU receive one or more antibiotics [3, 4], and
although a causative association is difficult to demon-
strate, antimicrobial use is clearly related to the devel-
opment of antimicrobial resistance [5]. Unfortunately,
reducing total antibiotic use in hospitals is difficult to
accomplish and is not always efficient [6] in improving
antibiotic susceptibilities. In recent years efforts have
focused on rationalizing management of the available
antimicrobial armory rather than on reducing its total
use [7, 8]. Many interventions have been proposed and
evaluated to find the best strategy to optimize antibiot-
ic prescription and to reduce resistance rates. In this
chapter, we review some of the strategies recommend-
ed for antimicrobial control.

14.2
Optimal Use of Antimicrobial Agents

It has been estimated that up to 50% of antibiotic usage
in hospital is incorrect for reasons of indication, choice,
dosage or duration of therapy. There is evidence that
failure to give the appropriate antimicrobial treatment
is associated with increases in mortality, length of stay
and related costs [9, 10]. Though different, the concepts
of adequate (meaning sufficient in terms of dose and
frequency of administration) and appropriate antimi-
crobial therapy (meaning correct in terms of sensitivity
in vitro to the targeted organisms) are frequently used
interchangeably [11]. However, adequate and appropri-
ate antimicrobial prescription does not always imply
optimal therapy. Therapeutic failures have been docu-

mented despite adequate and appropriate therapy for
severe infections or infections caused by resistant mi-
croorganisms in the ICU [12]. Reports on the beneficial
effects of combination antibiotic therapy for communi-
ty-acquired pneumonia (CAP) [13, 14], based on the
potential for synergistic bactericidal activity or the im-
munomodulatory effects of certain agents [15], could
extend the definition of optimal therapy beyond the
concepts of adequateness and appropriateness of anti-
microbial prescription. We could also add that optimal
therapy does not necessarily mean effective therapy,
because the host defense mechanisms must be “willing
and able” to participate in the defense of their own sys-
tem from the attacking intruder. Experience with im-
munocompromised patients has demonstrated that op-
timal antimicrobial therapy does not always guarantee
effectiveness.

Clinicians treating critically ill patients should be
aware of distinctive pathophysiological characteristics
such as variations in extracellular fluid content, me-
chanical ventilation or in renal or liver function that
may influence drug disposition in these sets of patients
[16]. As a result, in many cases the peak concentration
of the drugs will be lower than the levels expected in
non-critically ill patients, and the half life of the admin-
istered antibiotic will also be reduced [17–19]. In this
setting an increase in the antibiotic dose should be con-
sidered in order to achieve the adequate plasma concen-
tration of the antibiotic. The way to optimize delivery of
antibiotics depends on the differential pharmacokinetic
(relationship between drug concentration and time)/
pharmacodynamic (relationship between drug concen-
tration and pharmacologic effect) characteristics of
each agent. For concentration-dependent antimicrobi-
als such as fluoroquinolones or aminoglycosides, whose
efficacy is mainly related to the Cmax and AUC/MIC, the
least fractioned dosage regimen is preferred, according
to toxicity patterns and terminal elimination half life of
each antimicrobial [20, 21]. On the other hand, time-de-
pendent antimicrobials such as beta-lactams or vanco-
mycin should reach concentrations above the MIC 40%
of the time to achieve optimal bacterial cell killing. To
achieve this, it may be necessary to administer the anti-
biotic as a continuous infusion [22, 23].
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Similarly, decreased renal clearance or hepatic fail-
ure, other conditions often seen in critically ill patients,
may reduce antimicrobial excretion increasing the risk
of toxicity. In this setting antimicrobial dosage should
be tailored, particularly when renal replacement thera-
py is required.

Reaching the source of the infection is crucial for ad-
equate antibiotic treatment in critically ill septic pa-
tients. Poor penetration of the antibiotic in the infected
tissue is associated with decreased treatment effective-
ness. Vancomycin’s low level of penetration in the lung
[24] could explain the poor outcome reported in
patients with methicillin resistant Staphylococcus au-
reus (MRSA)-related ventilator-associated pneumonia
(VAP) treated with this agent [25]. The timing of initia-
tion and withdrawal of antibiotic therapy may also play
an important role in the outcome of critically ill pa-
tients with severe infections. A short delay in starting
appropriate antibiotic treatment has been associated
with a higher mortality rate in hospitalized patients
with sepsis [26]. Similarly, shorter antimicrobial treat-
ments have been demonstrated to be as effective as lon-
ger ones in the treatment of VAP patients, avoiding the
risk of toxicity and the development of resistance [27].
Efforts should be made to administer the adequate an-
timicrobial therapy at the right time, with the right
dose, and for the correct duration, in order to improve
patient outcome and to avoid antibiotic-related compli-
cations.

14.3
Protocols and Guidelines

Antimicrobial practice guidelines and protocols have
emerged as potentially effective strategies for both re-
ducing unnecessary antibiotic administration and op-
timizing the use of the ones prescribed. The implemen-
tation of guidelines or protocols may be confined to an
area of the hospital, to a group of practitioners, or to
specific clinical conditions. They can be applied to pro-
phylactic, empirical, disease-specific or drug specific
use of antimicrobials, and may be implemented in sev-
eral ways, depending on the particular characteristics
of each institution. Computerized antimicrobial guide-
lines based on patient records are reported to improve
antimicrobial-related complications and resistance.
Evans et al. [28] reduced antibiotic prescription (67%
vs. 73%, p<0.03), allergic reactions (6.4% vs. 13%,
p<0.01), excess drug dosages (16% vs. 36%, p<0.01)
and antibiotic-susceptibility mismatching (2.2% vs.
18%, p<0.01) after implementing a computerized anti-
biotic guideline for a year. Length of stay in the ICU and
hospital and antibiotic costs were also reduced. Non-
automated or partially automated systems, usually run
by hospital-based quality improvement teams, have

demonstrated similar results. Apisarnthanarak et al.
[29] reported that the implementation of a less sophis-
ticated multifaceted intervention program of antibiotic
control over a 1-year period was highly effective in a
350-bed hospital in a developing country in controlling
prescribing practices, antibiotic use rates, bacterial re-
sistance and cost savings. Other initiatives incorporat-
ing multidisciplinary teams with pharmacists or infec-
tious disease specialists in the implementation of anti-
biotic guidelines have also proved their worth in con-
trolling antibiotic use, though they are not always cost-
effective [30, 31].

The use of guidelines has become popular world-
wide for the treatment of particular clinical conditions
such as severe community acquired pneumonia [32]
and nosocomial pneumonia [33]. Although a positive
impact has been noted on outcome [34], well-con-
trolled studies are still needed to demonstrate a posi-
tive impact on antimicrobial usage and resistance in
the ICU setting. Despite general acceptance, individual
physicians often resist guideline compliance mostly
due to a fear of losing clinical autonomy or to the lack of
local data on effectiveness [35]. To improve the chances
of successful implementation, guidelines should be the
result of the combined efforts of physicians, pharma-
cists, nurses, and other health care practitioners and
should be viewed as an adjunct to, rather than a substi-
tute for, a physician’s judgment [36], providing an evi-
dence-based approach to practice as well as appropri-
ate feedback and continuous educational programs.
Guidelines should not be universal, but should be local-
ly designed, dynamic, institution-specific, multifacet-
ed, and tailored to local susceptibility patterns [37].

14.4
Formulary Restrictions

Restricting the use of certain antimicrobials or antimi-
crobial classes has been proposed as an effective strate-
gy to control resistance, reduce pharmacy expenses,
and avoid adverse drug reactions [38]. Antibiotic re-
striction programs have been implemented in outbreak
situations of microorganisms resistant mostly to broad
spectrum agents [6], agents to which resistance has de-
veloped rapidly [39, 40], or agents with known toxicity.
The implementation of restriction programs varies
from institution to institution, but the most frequently
used procedure is the requirement of previous authori-
zation by infectious disease specialists [41], which can
be obtained through a simple phone call, full written
consultation, or more sophisticated automated com-
puter support systems.

However, the implementation of restriction pro-
grams in the ICU context has not been uniformly suc-
cessful. Increases in other non-restricted antimicrobi-
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als, ignorance of the complex mechanisms of resis-
tance, or methodological flaws in the implementation
of the different restriction policies may explain this
failure. Restriction of one antimicrobial can promote a
compensatory increase in the use of non-restricted
agents, a phenomenon described by Burke as “squeez-
ing the balloon” (constraining one end causes the other
end to bulge) [42]. The increase in other non-restricted
agents may lead to a rise in total antimicrobial expendi-
ture [43] or promote the development of resistance to
the agent used. Rahal et al. [44] reported a 44% de-
crease in the number of infections caused by cephalo-
sporin-resistant Klebsiella after an 80.1% reduction of
third-generation cephalosporins in response to an out-
break of this pathogen. However, the same group also
reported that the intervention was associated with an
unintended 140.6% increase in the use of imipenem
and a concomitant 69% increase in infections due to
imipenem-resistant Pseudomonas aeruginosa.

Few data are currently available on the complexity of
factors influencing the development of resistance to an
antibiotic or antibiotic class. The theoretical basis for
restriction programs is that withholding the use of one
antimicrobial would reduce its selective pressure on the
exposed microorganisms and curb the development of
resistance to the restricted agent. However, it has been
recognized that multiresistant organisms can be select-
ed as a result of the use of antimicrobial agents unrelat-
ed to the agent of interest. Multiple antimicrobials
within the same class or from a different one may be as-
sociated with changes in susceptibility to other drugs
as a result of genetic linkage of resistance determinants
that encode resistance to multiple classes of antibiotics.
Several examples have been described in the literature,
demonstrating the complexity of the interactions be-
tween antimicrobial agents and resistant organisms. It
has been reported the association between cephalospo-
rins or agents with potent activity against anaerobic
bacteria with colonization by vancomycin-resistant En-
terococcus [45, 46]. Similarly reports on how decreased
resistance of Enterobacteriaceae and P. aeruginosa to
aminoglycosides has been associated with decreases in
cephalosporin use are also available in the literature
[47]. Therefore, before implementing a restriction pro-
gram, the use of multiple agents, similar and dissimilar,
should be considered in evaluations of susceptibility
trends.

Restriction policies have been increasingly imple-
mented, but always as a response to outbreaks of multi-
resistant pathogens, along with other infection control
measures. Their impact in non-outbreak situations has
not yet been comprehensively studied.

14.5
Cycling and Mixing

Antibiotic cycling or rotation involves the scheduled
substitution of a single antimicrobial or a class of anti-
microbials with another agent or class that exhibits a
comparable spectrum of activity. The principle under-
pinning this strategy is that withdrawal of a class of
antibiotics for a pre-determined period will limit the
selective pressure exerted by those agents, curbing
resistance rates to the drug withdrawn; so when it is
reintroduced at a later date, its efficacy will remain in-
tact.

During the last 2 decades, several studies of antimi-
crobial rotation have been performed. The results are
controversial, in terms of microbiological susceptibil-
ity [48–55], antimicrobial prescribing practices [56,
57], and clinical outcomes [49, 54, 56, 58] (Table 14.1).
However, the evaluation of this strategy is hampered
by ambiguities in the definition of the notion of cy-
cling. Cycling/rotation of antibiotics means that the
antimicrobial restricted in one cycle should be rein-
troduced at a later time. This should not be confused
with scheduled changes of antibiotics without repeat-
ing the process [59–61]. Similarly, other important
methodological issues are not clearly defined, mean-
ing that it is difficult to extrapolate the results of cy-
cling trials to other settings. Most cycling trials pub-
lished to date are implemented as a reactive measure
to an outbreak of resistant pathogens (mostly Gram-
negative microorganisms), in small, homogeneous
sets of patients confined in closed units (mostly ICUs)
where pathogens are exposed to heavy antimicrobial
pressure. Whether cycling may be effective in prevent-
ing the emergence of antimicrobial resistance in a dif-
ferent setting where resistance rates are low and stable
has yet to be proved. Similarly, the data available on
cycling have not been able to provide answers to prac-
tical questions such as what antimicrobials should be
cycled, in what order, and for how long. Although
some authors have limited the definition of cycling to
alternating agents of different classes [64], early stud-
ies on antimicrobial cycling have shown that resis-
tance to a particular agent can be controlled by alter-
nating agents of similar class. There is no consensus
on the optimal duration of antimicrobial cycling; in
the existing literature antimicrobial cycle duration
ranges from 1 to 51 months and may be determined on
the bases of the local microbiological flora or a preset
time period. According to mathematical modeling
[62, 63], the dynamics of resistance are driven by the
replacement of resistant strains by new admissions.
For this reason (mean ICU stay is between 1 and
2 weeks), successful interventions in ICUs should
show measurable results within a few weeks or
months.
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Despite many methodological problems, antimicro-
bial rotation has been proposed as a structured way of
introducing antibiotic heterogeneity (that is, the bal-
anced use of the different antimicrobials available) into
prescribing practices [57, 64, 65]. Antimicrobial diver-
sity is, according to mathematical models, the most
likely way of reducing the selection pressure that leads
to antibiotic resistance [66]. However, although global
antibiotic use measured at the end of the cycling pro-
gram may be balanced, the different antimicrobial
schedules that compose each cycle can produce sub-
stantial disproportions in antibiotic prescription.
These periods, of variable duration, in which homoge-
neous selective antibiotic pressure is imposed, may fa-
vor the emergence of resistance. In a 16-month study,
van Loon et al. [51] reported that quarterly homoge-
neous antibiotic exposure alternating quinolones and
beta-lactams increased Gram-negative microorganism
resistance to the antibiotic in use.

Reports based on mathematical modeling have
proposed an alternative antibiotic-use strategy, mix-
ing, in which each patient treated receives one of sev-
eral antimicrobials used simultaneously, as an effec-
tive way to control and prevent resistance [66, 67].
Bergstrom et al. [67] demonstrated that in broad con-
ditions mixing may impose greater heterogeneity than
does cycling. This was confirmed in our trial [68], in
which implementing a mixing empirical antibiotic
therapy for VAP achieved a more heterogeneous anti-
microbial pattern than scheduled antibiotic changes
in a single ICU. However, clinical trials performed to
date have failed to demonstrate the beneficial effects

Fig. 14.1. Incidence of pa-
tients with clinical isolates of
resistant microorganisms.
PB patient based period, SP
scheduled changes period,
MP mixing period. A p<0.05
comparing PB with SP; B
p<0.05 comparing with the
PB period with MP; C
p<0.05 comparing SP with
MP. ** <5% of Enterococcus
faecalis resistant to vanco-
mycin

of mixing on resistance that are postulated by theoreti-
cal predictions. Martinez et al. [69] reported that a
strategy of monthly rotation of anti-Pseudomona beta-
lactams and ciprofloxacin was more effective than a
mixing strategy for controlling the acquisition of P. ae-
ruginosa resistant to selected beta-lactams. Our group
[68] reported that mixing was inferior to a more indi-
vidualized approach of antimicrobial therapy based
on patient risk factors and previous antibiotic therapy
(patient-based period) in controlling potentially resis-
tant Gram-negative microorganisms (Fig. 14.1). An
18% increase in antimicrobial consumption during
the mixing period compared with the patient-based
period could explain these findings. Several other fac-
tors may be responsible for the mismatch between pre-
dictions of mathematical models and the clinical prac-
tice in cycling and mixing prescription patterns. Dif-
ferent resistant acquisition mechanisms may influence
the effect that different antibiotic strategies have on re-
sistant microorganisms [67]. If resistance is acquired
by horizontal transfer of genes or accessory elements,
the likelihood of hosts acquiring resistance to two an-
tibiotics may be lower with cycling than with mixing.
Otherwise, if resistance to two antibiotics is acquired
through mutation, cycling would be worse than mix-
ing [70]. On the other hand, low adherence to the anti-
microbial prescription patterns reported in some cy-
cling and mixing studies may introduce new variables
to the resistance development equations, thus frustrat-
ing predictions formulated by mathematical models
[51, 68].
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14.6
De-escalation

De-escalation is a strategy that aims to avoid the over-
use of antibiotics while guaranteeing adequate treat-
ment of patients with suspected nosocomial infection.
This strategy is a two-step process. The first stage in-
volves the aggressive empirical use of broad-spectrum
antimicrobials chosen to cover all likely pathogens. The
second stage focuses on simplifying or withdrawing the
initial antimicrobial therapy based on microbiological
information or on the clinical response observed.
(Fig. 14.2)

Failure to administer the correct antimicrobial to a
patient with a suspected severe infection has been con-
sistently associated with higher mortality [9, 10]. Initial
therapy must be given promptly and should be ade-
quate from the beginning, since modifying an initially
inadequate regimen does not improve outcome [9, 71].
In view of the importance of adequate initial antibiotic
therapy in critically ill patients with nosocomial infec-
tion, de-escalation ensures adequate empirical cover-
age for all potential pathogens (even those with multi-
drug resistance) by giving broad-spectrum antimicro-
bials as first line treatment.

On the other hand, widespread use of broad-spec-
trum empiric therapy may hasten the emergence of
multidrug-resistant pathogens, especially if the pres-

Fig. 14.2. De-escalation scheme

sure exerted by these antimicrobials is prolonged and
at suboptimal levels. To minimize the risk of resistance
and adverse effects the use of broad-spectrum antimi-
crobials should be reassessed as soon as microbiologi-
cal cultures are available or clinical response is evaluat-
ed (normally within 48–72 h)

Although no randomized, controlled studies com-
paring this strategy with other antimicrobial prescrip-
tion methods have been performed, some authors have
evaluated the clinical impact of different de-escalating
strategies. Singh et al. [72] used a clinical pulmonary
infection scoring system (CPIS) based on clinical, labo-
ratory, microbiological and radiological data in criti-
cally ill surgical patients with pulmonary infiltrates to
guide the decision process of de-escalating antimicro-
bial therapy. Although no differences in mortality were
reported, reductions in cost, antibiotic usage and anti-
biotic resistance were observed in the intervention
group. Similar findings were reported by Ibrahim et al.
[31], who used a clinical guideline consisting of a
broad-spectrum antimicrobial empirical therapy for
VAP followed by narrowing of antibiotic therapy when
a microbiological cause of infection was identified and
discontinuation of antibiotic therapy after 7 days if
clinical response allowed. Again, no differences in mor-
tality and length of stay were observed, but a higher
proportion of patients with adequate therapy and a re-
duction in the mean duration of therapy was reported.
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De-escalation was the most important cause of antibi-
otic modification in our group’s experience with 121
VAP episodes [73]. The presence of non-fermenting
Gram-negative bacilli and late-onset pneumonia pre-
cluded de-escalation in our cohort. The de-escalation
rate was not affected by the way in which respiratory
samples were taken to guide antibiotic narrowing (i.e.,
either by quantitative tracheal aspirates or by broncho-
scopic techniques).

De-escalation attempts to balance the need for ap-
propriate initial antimicrobial therapy with the need to
limit unnecessary antimicrobial exposure. Due to its
potential benefits for both the patients and the ICU
ecology, this clinical approach has been proposed as a
key and responsible strategy for minimizing the devel-
opment of resistant pathogens and also for containing
costs [74].

14.7
Conclusion

Antibiotic use, though important, is only one of the de-
terminants of the complex mechanisms of emergence
and development of resistance. Factors related to the
patient, the environment and the microorganisms
should also be taken into account [75] in our attempts
to understand resistance. Controlling all these factors
and their complex interactions in the clinical setting is
methodologically difficult, a fact that reduces the im-
pact of single interventions on resistance. Predictions
formulated by mathematical models able to integrate
most of the “known” factors influencing resistance
mechanisms have emerged as theoretical solutions to
measure different antibiotic/infection control policies.
However, these virtual predictions, which hypothesize
perfect situations, still have to prove their effectiveness
when applied in the imperfect clinical setting. As many
authors note, in the clinical setting not even the best
planned strategies are always implemented satisfacto-
rily.

Implementation of antimicrobial control studies re-
quires a gigantic effort to control all variables that in-
terfere with the emergence and spread of resistance.
Resistant organisms should be characterized pheno-
typically and genotypically; resistance patterns and
their mechanisms should be meticulously identified
and monitored; the use of targeted antibiotics should
be tightly controlled as well as the implementation of
stable infection control methods; and outcome vari-
ables should be concisely defined and measured. All
this is impossible without the cooperation of a multi-
disciplinary team and an extensive, continuous educa-
tion program for all those involved in the management
and care of the patient [76].
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15 Use of Antibiotics in Pregnant Patients
in the Intensive Care Unit
J.-E. Baños, N. Cruz, M. Farré

15.1
Infections and Critical Care in Obstetric Patients

The critically sick pregnant patient is a challenge for
the intensive-care physician. Several features, such as
physiological changes associated with pregnancy, spe-
cific obstetric diseases and the presence of the fetus
greatly complicate the assessment and treatment of
these patients. The prescription must treat the mother’s
disease without affecting the fetus [1].

Observational studies have reported that pregnant
women take a variety of drugs during pregnancy, in-
cluding prescription, over-the-counter (OTC) and
herbal preparations. Results show that women, in a
range of 44–96%, were exposed during pregnancy to at
least one drug. An American study, which was carried
out between 1996 and 2000 and included 152,531 wom-
en, showed that amoxicillin was dispensed to 34,304
women and, in all, more than 90,000 prescriptions were
antibiotics [2, 3].

Women can develop an acute illness or pregnancy-
induced complications that need intensive drug thera-
py. Several studies have analyzed obstetric admissions
to the ICU [1, 4–12]. They conclude that less than 1%
of deliveries are referred to the ICU, mainly for pre-
eclampsia, and that maternal mortality may be highly
variable, from 0% in the study of Lapinsky et al. [1] to
20% in Collop and Sahn’s study [8]. Bacterial infections
were a significant, although not highly prevalent, cause
of admission to the ICU.

Despite infectious diseases not being uncommon
during pregnancy and the postpartum period [13, 14],
severe infections that need the ICU setting are much
less prevalent in this population. Although pneumonia,
pyelonephritis and abortion-related infections may be
life-threatening, many patients may be treated in regu-
lar wards and only severe infections in high-risk pa-
tients require critical care. However, it has been shown
that infections may account for 24% of all referral diag-
noses [7]. The main causes were sepsis and pneumonia
[7, 15, 16].

The characteristics of septic shock in pregnant
women have been described in detail by several authors
[15–17]. The main causes that predispose one to septic

shock include pyelonephritis, chorioamnionitis, Ste-
vens-Johnson syndrome, premature rupture of mem-
branes, necrotizing fasciitis, septic abortion and endo-
metritis.

Although the microorganisms that may cause septic
shock are mainly Gram-negative bacteria (usually E.
coli), anaerobes, such as B. fragilis, Gram-positive mi-
croorganisms, can also be seen [16]. In addition, sexu-
ally transmitted infections are particularly relevant for
their frequency and significance in pregnancy outcome
[18]. Some reviews have examined the relevance of an-
tibiotic treatment to prevent sexually transmitted in-
fections, in order to reduce preterm birth and low birth
weight [19]. Both the WHO and CDC have elaborated
reference guidelines that recommend drug treatment
for sexually transmitted infections in pregnancy [20].

15.2
General Considerations on Antibiotics Use
During Pregnancy

Pregnancy always complicates drug treatment. Any
drug may be harmful to the mother and also to the fetus
so, accordingly, no pharmacological therapy must be
initiated unless a clear benefit is expected. Nonetheless,
the benefit-risk index recommends active treatment in
ICU patients. From the pharmacological point of view,
antibiotics are relatively safe drugs when used in preg-
nant patients with severe infections. Many current anti-
biotics have been used for at least 30 years and most of
them seem to be free of significant teratogenic effects,
at least in animals. They are given in short courses, so
their adverse effects are rather predictable, but some
appreciation of the balance of risks in more serious
cases is also needed. However, the understandable re-
luctance of physicians and pharmaceutical companies
to study drugs in pregnant women greatly limits the
scientific evidence of the effectiveness and safety of all
drugs, including antibiotics, in pregnancy. Three as-
pects deserve special attention when antibiotic use in
pregnant women is considered: the first relates to phar-
macokinetic changes induced by pregnancy; the sec-
ond stresses the potential toxicity to mother and fetus,
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and the third refers to the effectiveness of antibiotic re-
gimes in obstetric infections.

Pregnancy may change the way in which women
handle antimicrobial agents; therefore, some quantita-
tive changes on treatment effects may appear. Most
pregnancy-induced effects are of a pharmacokinetic
nature. In general, low maternal concentrations have
been found after administration of antimicrobials,
such as penicillins, cephalosporins, aminoglycosides
and erythromycin [21]. The main implications of these
findings refer to dosage. For instance, a moderate in-
crease in the dosage of penicillins has been recom-
mended [22, 23]. As a rule, full doses should be used to
treat infections in pregnancy and, therefore, treatment
regimes should assure that the patient is receiving her
right dose. Thus, measurement of blood levels may be
needed in some cases when drug pharmacokinetics is
influenced by pregnancy. The reason is twofold: first, in
order to assure the correct dosage according to the pa-
tient and, second, to avoid unnecessary, high blood lev-
els that may be toxic both in the mother and the fetus
[13, 24]. Also, the length of treatment should be estab-
lished by the specific disease and not by the consider-
ation that the patient is pregnant.

In spite of the assertions made in previous para-
graphs, a troublesome aspect of antibiotic treatment is
its theoretical ability to harm the maternal-fetal unit.
Major studies which indicate an association of antibiot-
ic exposure in pregnancy and congenital malforma-
tions are lacking [25]. Certain drugs should be avoided,
since toxicity may be expected in pregnant women
themselves, the fetus, or the neonate. Aminoglycosides,
tetracyclines, chloramphenicol and fluoroquinolones
must be used with special care in pregnancy [13, 26].
Most authors recognize that tetracyclines and amino-
glycosides may have some teratogenic effects [18,
27–29]. Moreover, tetracyclines may have an increased
risk of toxicity in the pregnant woman herself [27]. In
turn, neonates may be damaged by sulfonamides and
chloramphenicol [30]. The withdrawal of these antibi-
otic drugs is mandatory when the treatment of minor
infections by otherwise drug-sensitive bacteria is con-
sidered. Nonetheless, these principles may be ques-
tioned when severe infection by resistant microorgan-
isms appears.

Obstetric patients admitted to the ICU can be classi-
fied into two categories: first, patients with specific ob-
stetric disorders (with approximately 50–80% of prev-
alence) and, second, pregnant patients with primarily
medical disorders [31]. The most common pregnancy-
related infections were chorioamnionitis and puerper-
al sepsis [32]. The most common unrelated infections,
but complicating pregnancy, are respiratory and uri-
nary tract infections [13]. In all, morbidity rates of se-
vere obstetric complications range from 0.8% to 8.2%,
and mortality rates from 0.02% to 37%. The great vari-

ability is explained by its different case definition,
methodology and especially because of differences in
health quality control among countries [33].

Clinical trials showing efficacy of antibiotics in
pregnant women are scarce if compared with other ar-
eas of drug therapy. This paucity of studies is so impor-
tant that some textbooks rely on the experience or the
personal opinion of the authors [14]. Hence, this chap-
ter will avoid any reference to the specific therapeutics
of infections seen in the ICU and will only consider the
first two topics described earlier, i.e., the pharmacoki-
netic changes induced by pregnancy and the safety of
antibiotic drugs in the mother and the fetus.

In conclusion, the treatment of maternal infections
should follow the general principles of pharmacologi-
cal therapy in pregnant women. Moreover, drug effica-
cy ranks first in ICU patients, although the safety of the
embryo or fetus should always be considered. Antibiot-
ics must be chosen by susceptibility studies or, more of-
ten, by empirical evaluation of the most likely group of
microorganisms and their most probable antibiotic
susceptibility. Only when this aspect has been consid-
ered should embryonic or fetal safety concerns arise
[18, 22, 34].

15.3
Pregnancy-Related Pharmacokinetic Changes
of Clinical Relevance

Drug pharmacokinetics is mainly affected by pregnan-
cy in two ways. The first concerns the progressive
changes in the maternal physiology during pregnancy,
which are most evident during the third trimester and
the immediate postpartum. These changes affect the
absorption, distribution, metabolism and elimination
of some drugs. The second way is related to the placen-
tal-fetal unit/compartment and modifies the amount of
drug crossing the placenta, the fraction metabolized by
the placenta and the distribution and elimination of the
drug by the fetus [35]. The most relevant changes are
observed in drug distribution and in substances pre-
dominantly eliminated, unchanged, in urine.

15.3.1
Absorption

Digestive physiology is altered by pregnancy, as shown
by a delay in both gastric and intestinal motilities. The
increase of plasma progesterone levels during pregnan-
cy accounts for a 30–50% increase in the gastric and
intestinal emptying time. Decreased gastric acid secre-
tion (40% less than in non-pregnant women) and pep-
tic activity, as well as an increase in mucus secretion,
convey an increase in gastric pH. This could influence
the ionization of weak acids and bases and may result in
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unpredictable absorption of orally administered drugs.
A recent review examined the differences in oral bio-
availability of different drugs, including q -lactamic an-
timicrobials, between pregnant and non-pregnant
women. The results did not show any significant differ-
ence in bioavailability during pregnancy [36].

Increased cardiac output during pregnancy in-
creases blood flow to other organs and tissues. Thus,
drugs given by the intramuscular route may be more
rapidly absorbed. The increase in the pulmonary blood
flow could favor alveolar uptake of drugs administered
by inhalation [37].

Although the final consequences of these changes
are probably of minor importance, the physiological
changes that occur in pregnancy theoretically alter
drug absorption and should be taken into account [36].

15.3.2
Distribution

The plasma volume expands by approximately 40%,
starting around the 6th week of pregnancy, reaching a
plateau at 30–34 weeks of gestation. Therefore, the vol-
ume of distribution (Vd) of some drugs may be altered
[38]. The total mean increase in body water is from 7 to
8.5 l, most of which is extracellular, distributed to the
placenta, fetus and amniotic fluid (60%) and maternal
tissues (40%). This increase in the apparent Vd can di-
minish maternal peak serum-drug concentrations
(Cmax) of many drugs. Those drugs that are mainly dis-
tributed in water compartments and have a relatively
small Vd will show the most important decrease in
Cmax. In consequence, increased drug dosage require-
ments would be needed to reach similar plasma con-
centrations [39]. Moreover, the body fat increases by an
average of 25% during pregnancy, and, therefore, plas-
ma concentration of drugs which are mainly distribut-
ed to fat tissues are decreased [22].

Plasma volume expands faster than albumin pro-
duction, creating a physiological dilutional hypoalbu-
minemia, with a decreasing binding capacity. Albumin
concentrations decrease during the second trimester
and continue to decline throughout pregnancy, reach-
ing concentrations of approximately 70–80% of nor-
mal values at the time of delivery [40]. The free fraction
of highly protein-bound drugs increases. This increase
in free fraction may lead to a decrease in total drug con-
centrations, because more drug is available to be me-
tabolized by the hepatic enzymes or eliminated from
the body. The unbound drug can more easily penetrate
tissues and may have a greater effect than expected
from total serum levels. The direct determination of
free-drug concentrations in critical patients is recom-
mended [22, 35]. These changes can become clinically
significant for highly protein-bound drugs with pre-
dominant hepatic elimination with a low extraction ra-

tio and/or for those with a narrow therapeutic window
[41].

Cardiac output also increases in parallel to plasma
volume, with values 30–50% above normal during the
third trimester. In addition, pregnancy produces re-
gional blood changes that can affect distribution and
elimination. At term, blood flow increases to the uterus
and to the kidneys, representing 25% and 20% of car-
diac output, respectively.

15.3.3
Hepatic Metabolism

The elevated progesterone and estrogen concentrations
observed in pregnancy appear to activate hepatic mi-
crosomal enzymes, such as different isoenzymes of cy-
tochrome P450 (CYP) including CYP3A4, CYP 2D6 and
CYP 2C9 [36]. This increased hepatic activity can accel-
erate the biotransformation of the parent drug to active
and inactive metabolites. If the drug is being trans-
formed into less active or inactive products, an in-
creased dose of the parent drug or a decreased dosing
interval may be necessary. On the other hand, the elim-
ination of other drugs could be reduced by competitive
inhibition of microsomal oxidases by progesterone and
estradiol. The importance of these changes should be
considered for each drug, and no general rule can be
applied [22, 35].

15.3.4
Renal Elimination

Renal excretion of drugs is dependent on the glomeru-
lar filtration rate, active tubular secretion and/or reab-
sorption. Renal blood flow and the glomerular filtra-
tion rate can increase up to 50% by the 4th month and
continue to increase throughout pregnancy when com-
pared with postpartum values [29]. There is limited
knowledge on the effect of pregnancy on tubular secre-
tion and/or reabsorption and, therefore, of their rela-
tive importance on the renal drug transporters [42].

The consequences of the above-mentioned changes
are an important increase in the clearance of sub-
stances that are mainly eliminated unchanged in urine.
As an example, the clearance of ampicillin doubles dur-
ing pregnancy, and plasma maximal concentrations are
reduced by 60%. An increased dose or a shortened dos-
ing interval may be needed to achieve desired steady-
state concentrations [22–35].

15.3.5
Transplacental Passage of Drugs

Many of the pharmacologically active compounds can
move bidirectionally across the placenta as a conse-
quence of passive diffusion. Drugs that cross the pla-
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centa more easily include small (with low molecular
weight), lipophilic, non-ionized molecules and those
with a large free fraction or low protein binding. Also,
differences in binding capacity between maternal and
fetal serum can result in higher fractions of free drug in
the fetus (especially if the drug has low protein bind-
ing) [23]. Furthermore, some drugs use facilitated dif-
fusion mechanisms, with the assistance of carriers,
such as cephalosporins, and would be expected to reach
a higher peak of concentration in the fetus than from
simple diffusion [43]. The active transport mechanism
is too slow and it has received minor attention in scien-
tific reviews.

The placenta increases its surface area and thins as
pregnancy advances, these changes being proportional
to age and fetal weight. The main effect is an enhance-
ment of transplacental diffusion from the mother to the
fetus. The fetal plasma pH is slightly more acidic than
the maternal pH, so, therefore, weak bases can be con-
centrated in the fetus (ion trapping) [35]. An exception
are ampicillin and methicillin, strongly acidic antibiot-
ics, which have a complete placental transfer [36]. The
equilibrium of maternal-fetal drug concentrations de-
pends on the physicochemical properties of the drug.
The time to reach similar maximal concentrations in
both sides of the placenta is delayed in the fetus side
[35].

The placenta and the fetus are able to metabolize
drugs. However, most enzymatic processes are imma-
ture in the fetus; thus its contribution to drug elimina-
tion is only marginal. Both CYP and uridine diphos-
phate glucuronosyltransferase isoenzymes (UGT) are
present in the fetus, but at very low levels in compari-
son to the mother. In the fetal liver, CYP 3A7 is the pre-
dominant one. The CYP 3A4 levels, the most abundant
in adults, are very low in the fetus [44]. The activities of
some CYP in the fetus ranged from 1% to 30% of adult
values during the pregnant period, and many UGT val-
ues ranged from 7.5% to 43% [45].

The overall effect of the above-mentioned pharma-
cokinetic changes is the decrease by 10–50% of drug
concentrations during late pregnancy compared to
non-pregnant females. In the early postpartum period,
pharmacokinetics remains similar to those seen during
the third trimester of pregnancy despite the removal of
the placenta and the fetus. The therapeutic implica-
tions of these changes should be kept in mind during
the postpartum period.

15.4
Antibiotics and Pregnancy

The body of scientific evidence that justifies and guides
the rational use of antibiotics in pregnancy is scarce
and incomplete due to ethical and legal issues. There

are justified reasons for the limited number of clinical
studies but, as a consequence, many pharmacological
treatments in pregnancy are empirically based and of-
ten following clinical and personal experiences as the
main criteria to make a choice. Physiological changes
during pregnancy could modify pharmacokinetics of
the antibiotics, leading to an increase or reduction of
plasmatic levels and to toxicity and therapeutic failure,
respectively [46].

A brief consideration of some commonly used drugs
of each group follows. A detailed review of the general
use of antibiotics in pregnancy can be found elsewhere
[14, 16, 22, 26, 35, 37, 47, 48]. Table 15.1 shows the Unit-
ed States Food and Drug Administration (FDA) Phar-
maceutical Pregnancy Categories.

15.4.1
Penicillins

Penicillins are among the oldest known antibiotics,
with approximately 60 years of clinical experience [49].
Penicillins are widely used during all phases of preg-
nancy, mainly indicated to treat syphilis, pyelonephri-
tis, upper respiratory tract and urinary infections, and
for prophylaxis of bacterial endocarditis.

Table 15.1. United States Food and Drug Administration (FDA)
Pharmaceutical Pregnancy Categories

Pregnancy
Category A

Adequate and well-controlled studies have
failed to demonstrate a risk to the fetus in the
first trimester of pregnancy (and there is no
evidence of risk in later trimesters).

Pregnancy
Category B

Animal reproduction studies have failed to
demonstrate a risk to the fetus and there are
no adequate and well-controlled studies in
pregnant women or animal studies have
shown an adverse effect, but adequate and
well-controlled studies in pregnant women
have failed to demonstrate a risk to the fetus
in any trimester.

Pregnancy
Category C

Animal reproduction studies have shown an
adverse effect on the fetus and there are no
adequate and well-controlled studies in hu-
mans, but potential benefits may warrant use
of the drug in pregnant women despite poten-
tial risks.

Pregnancy
Category D

There is positive evidence of human fetal risk
based on adverse reaction data from investi-
gational or marketing experience or studies in
humans, but potential benefits may warrant
use of the drug in pregnant women despite
potential risks.

Pregnancy
Category X

Studies in animals or humans have demon-
strated fetal abnormalities and/or there is
positive evidence of human fetal risk based on
adverse reaction data from investigational or
marketing experience, and the risks involved
in use of the drug in pregnant women clearly
outweigh potential benefits.
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Several pharmacokinetic studies of penicillins have
been performed in pregnant women [47, 50–53]. Most
penicillins cross the placenta, but drugs with high pro-
tein binding (oxacillin, cloxacillin, dicloxacillin, nafcil-
lin) have a lower ability to cross the placental barrier,
resulting in lower fetal tissue and amniotic fluid levels.
In contrast, poorly bound penicillins (ampicillin,
amoxicillin, methicillin) cross it better and achieve
concentrations in the amniotic fluid 0.5–1 times higher
than the maternal plasma concentration [35] and can
lead to a high concentration in the blood of the new-
born [54]. Due to its pharmacokinetic properties (in-
creased blood volume and renal clearance), plasmatic
concentration of penicillins can be reduced by up to
50% in pregnant women [23]. Therefore, higher doses
could be used to obtain an adequate antibiotic concen-
tration.

In general, q -lactam antibiotics should be consid-
ered as probably safe in pregnancy [19]. No adverse ef-
fects should be expected in the first trimester. Despite
the penicillins’ lack of direct toxicity, they are able to
cause allergic reactions in the mother and the fetus may
be sensitized [13, 54]. The prevalence of allergic reac-
tions is 5–10% in the population [55].

Although little information is available, many clini-
cal studies carried out recently have contributed to ad-
ditional evidence of penicillin safety and low toxicity.
Study reports about phenoxymethylpenicillin, pivam-
picillin, oxacillin, dicloxacillin, amoxicillin, amoxicillin
plus clavulanic acid and ampicillin confirmed the safe-
ty of these drugs during pregnancy [49, 56–61]. In fact,
there is no evidence of embryotoxic, fetotoxic or terato-
genic effects [62]. However, unconditional confidence
on new drugs, even if they are from the same q -lactam
group, is not recommended and the FDA classifies all
penicillins in Category B.

Penicillin G (benzylpenicillin) has been used to treat
maternal infections for many years and is the agent of
choice for the management of pneumococcal and me-
ningococcal infections. It quickly crosses the placenta
and reaches the fetal circulation and the amniotic fluid
[63]. At term, maternal serum and amniotic fluid con-
centrations were equal 60–90 min after i.v. injection
and continuous infusions of penicillin G produced sim-
ilar concentrations in maternal serum, cord serum, and
amniotic fluid [64]. Nathan et al. [65] have analyzed the
pharmacokinetic properties of benzathine penicillin G
(benzathine benzylpenicillin) to treat syphilis in preg-
nant women in the week prior to delivery. Drug con-
centrations in maternal and fetal tissues showed a wide
variability, so the authors recommended caution when
treating pregnant women at this stage due to the risk
that altered pharmacokinetics might affect drug effica-
cy.

Although its early use was associated with an in-
crease in abortion risk, no reports have appeared since

1950 supporting this. There is only one reviewed refer-
ence to congenital abnormalities associated with it, but
no causal relationship to penicillin G could be shown
[50]. In further studies including a large number of
pregnant women exposed to penicillin G, no evidence
has been found to date suggesting a relationship with
major or minor malformations. From these data, it is
unlikely that penicillin G should be considered as tera-
togenic.

Penicillin V (phenoxymethylpenicillin) is used in
streptococcal pharyngitis. A study analyzing the phar-
macokinetics of penicillin V during the last two trimes-
ters of pregnancy showed faster elimination rates of the
drug from the plasma of the pregnant patients com-
pared with non-pregnant women [66]. No evidence was
found linking penicillin V and birth defects. Therefore,
the probability that penicillin V is teratogenic is very
low [47].

Several authors have studied the pharmacokinetic
properties of ampicillin in pregnant women [29, 47,
67]. Plasma levels of ampicillin are lower in women
during pregnancy than in non-pregnant patients, and
this fact is observed throughout the pregnancy [47]. It
seems that pregnant women will require higher doses
of ampicillin to achieve comparable plasmatic levels
[68]. In one study [69], ampicillin pharmacokinetics
was compared during and after the pregnancy in the
same women. It was shown that pregnancy significant-
ly increased the elimination rate constant, decreased
the area under the curve (AUC) by 20% and increased
the total body clearance. This antibiotic rapidly crosses
the placenta and drug levels, exceeding the minimum
inhibitory concentrations (MIC) for most microorgan-
isms, causing intrauterine infections which can be
found in fetal blood and amniotic fluid [70]. The drug
was given i.v. to women of 15–40 weeks of gestation.
When given by infusion to patients at term, the cord to
maternal ratios increased over time and approached
unity within 2 h. Cord concentrations were higher than
5 mg/l for at least 4 h. Amniotic fluid levels could be de-
tected in 90 min, reaching 20% of peak maternal serum
concentrations in 8 h.

Ampicillin has been extensively used in the last half
of pregnancy to prevent maternal or fetus infections in
at-risk pregnancies like, for instance, premature rup-
ture of membranes [71]. Although it has been linked to
congenital heart disease [72], other studies have con-
cluded that it is unlikely that ampicillin is teratogenic
[47, 50, 73].

Bacampicillin, a pro-drug of ampicillin, has been
poorly studied in pregnant women, but there is no
available data linking bacampicillin and birth defects
[47].

Amoxicillin is often used to treat bacteriuria in preg-
nancy [74] and it is also used in the second half of preg-
nancies in which either the woman or the fetus is at risk
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for infections because of premature rupture of mem-
branes [75]. Amoxicillin has been administered orally
to patients at term [76]. Blood amoxicillin concentra-
tions peaked 4.5 h after administration in both the
mother and the fetus, and then rapidly declined. There-
fore, it would appear that amoxicillin transfers across
the placenta completely.

No birth defect linking amoxicillin has been de-
scribed [47, 60, 73]; nevertheless, a modification of
bowel flora and sensitization could be possible in the
neonate. A case report of skin rash has been reported in
a neonate after maternal consumption of amoxicillin
[60].

Several studies have described the pharmacokinet-
ics of amoxicillin and clavulanic acid for various infec-
tions in pregnant women [77, 78]. Both drugs cross the
placenta quickly and maternal serum and umbilical
cord peak levels occur at 2 h with a fetal:maternal ratio
of 0.56. No adverse effects in the fetus or in the newborn
linked to the combination have been observed at usual
doses (250/500 mg amoxicillin and 125 mg potassium
clavulanate t.i.d. for 3–10 days) [47, 61, 79]. Clavulanic
acid has no direct toxicity since a study showed no al-
teration at birth of 556 children exposed to the drug
during the first trimester [54], although it has been sug-
gested to avoid its routine use until more evidence is
available [13].

The antistaphylococcal penicillins (dicloxacillin,
methicillin, oxacillin) cross the placental barrier and
reach the fetal circulation and amniotic fluid, but due to
their high protein binding (95–97%), the fetal-mater-
nal plasma-concentration ratio is lower compared to
other penicillins [80–83]. When methicillin was in-
fused in pregnant women, it reached similar concentra-
tions in the fetal and maternal sera within 30 min, and
equilibration occurred within 1 h [84]. No evidence has
been found linking congenital defects and dicloxacillin,
cloxacillin, methicillin, nafcillin or oxacillin, and these
drugs should probably be considered non-teratogenic
[47, 73].

The carboxypenicillins (carbenicillin, its derivative
carbenicillin indanyl, ticarcillin) are used due to their
antipseudomonal activity. Like other penicillins, these
drugs are probably safe. There is limited information
on the effects of these drugs on pregnancy and there-
fore they should be reserved to treat severe infections
by susceptible bacteria. Carbenicillin crosses the pla-
centa and distributes itself to fetal tissues, but concen-
trations in amniotic fluid are only a tenth of maternal
peak concentrations [84, 85]. Ticarcillin rapidly crosses
the placenta and significant drug levels can be found in
amniotic fluid and in fetal circulation [86]. No adverse
effects on the fetus have been described associated with
either carboxypenicillin [47, 73].

The general considerations suggested for carboxy-
penicillins also apply to ureidopenicillins. Piperacillin,

a piperazine derivative of ampicillin, has been used in
the last weeks of pregnancy to delay delivery in women
with premature rupture of the membranes [87] and for
urinary tract infections. When given during pregnan-
cy, piperacillin crosses the placenta rapidly but the fe-
tal:maternal serum level ratio is low [88, 89]. Bourget et
al. [90] have studied the pharmacokinetics of the inter-
mittent administration of piperacillin-tazobactam in
pregnant women. The kinetic behavior of both drugs
was almost identical, with an increase of the Vd and
clearance of the combination, probably by a decrease in
AUC concentrations. The maternal blood levels were
less than the MIC of the target organism at 4 h. There-
fore, the authors suggest that continuous infusion is a
better option than intermittent administration. Follow-
ing this assumption, piperacillin-tazobactam should be
infused at an hourly rate of 8 mg/min. The transplacen-
tal transfer was significant, but not complete, and pene-
trated the amniotic fluid poorly [91].

The Cmax after administration of piperacillin was
lower in pregnant than in non-pregnant women,
whereas the total clearance was faster in the former
[89]. Azlocillin has also been studied after i.v. adminis-
tration in late pregnancy [92]. Concentrations equili-
brated between the maternal and fetal compartments
2–3 h after administration. This drug penetrated the
amniotic fluid and reached concentrations similar to
maternal serum concentrations [35].

No reports linking its use with congenital defects in
humans have been described. It was used during 24 and
35 weeks of gestation in women with premature rup-
ture of membranes and no adverse maternal or fetal ef-
fects were observed [47, 54].

15.4.2
Cephalosporins

After penicillins, cephalosporins are probably the most
prescribed antibiotics during pregnancy. The cephalo-
sporins are largely used in pregnant women, for the
prophylaxis of post-cesarean section infections, minor
urinary infections, acute pyelonephritis and in cases of
bacterial resistance to other antibiotics [93].

This group includes a large number of compounds
that may be administered by the oral and/or parenteral
route. They are classified in a rather arbitrary way into
first, second, third and fourth generation cephalospo-
rins, and this criterion follows the differences in their
antibacterial activity.

Cephalosporins may be considered as probably safe,
but uncertainty with the newer compounds is a conse-
quence of the scant information available. Some of the
injectable cephalosporins are a reasonable choice for
treatment of infections in critically ill patients. It has
been suggested that some cephalosporins, such as cefa-
mandole, might interfere with vitamin K metabolism
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and should be avoided [13]. All cephalosporins are
classified in Category B by the FDA.

As with penicillins, maternal serum concentrations
of cephalosporins are also reduced because of in-
creased renal clearance associated with pregnancy and,
therefore, an increase in dosage should be considered
[94]. This consideration has special importance when
bactericidal concentrations must be attained, as what
happens in severe infections. Pharmacokinetic data ob-
tained with cephalosporins showed that maternal se-
rum levels are only a fraction of those obtained in the
absence of pregnancy. First-generation cephalosporins
do not cross the placenta easily and the fetal serum con-
centrations rarely exceed 10% of maternal concentra-
tions [95].

The mean serum concentration of cephalexin, ce-
phalotin and cefazolin are all considerably lower in
pregnant women when compared with non-pregnant
women [37].

Cephalexin is the most widely used cephalosporin
during pregnancy and no risk of teratogenicity has
been established in women using these antibiotics to
date [96]. Cephalotin is a parenteral first-generation
cephalosporin widely used during all stages of preg-
nancy but should be used cautiously in neonatal jaun-
dice because of the risk of kernicterus [62].

Second- and third-generation cephalosporins do a
little better at this point, but fetal concentrations are still
significantly below maternal levels. An exception to this
rule is ceftizoxime [97]. However, transplacental trans-
fer of cephalosporins is also fairly rapid and adequate
bactericidal levels are reached in fetal structures [35].

There is no clinical evidence associating the use of
cephalosporins during pregnancy and the presence of
congenital abnormalities or lethal teratogenic potential
[14, 54, 96]. Some animal studies have revealed poten-
tial, adverse fetal effects with cephalosporins contain-
ing the N-methylthiotetrazole side-chain [98]. Some of
the second and third cephalosporins have such a side-
chain. These reasons have been invoked by some au-
thors to suggest the theoretical advantage of drugs de-
void of the N-methylthiotetrazole side-chain when in-
dicated during pregnancy [98].

Cefuroxime is a semisynthetic second-generation
cephalosporin. It is used by oral and parenteral routes
and readily crosses the placenta in late pregnancy. For
this reason, it has been used for pyelonephritis. No ad-
verse effects associated with the drug in the newborn
have been reported after in utero exposure [54].

Cefepime and ceftriaxone are parenteral cephalo-
sporins of the third generation with high protein-bind-
ing and a prolonged half-life. A possible association has
been suggested between ceftriaxone (none for cefepi-
me) and cardiovascular defects, but it was not possible
to refute other causal concomitant factors such as the
mother’s disease and concurrently used drugs [54].

Finally, ceftazidime, another parenteral cephalospo-
rin of the third generation, is also considered safe to use
during pregnancy [80].

15.4.3
Other �-Lactam Antibiotics

Imipenem, meropenem, ertapenem and aztreonam are
other q -lactam antibiotics that may be used in severe
infections and could be indicated for use during preg-
nancy to treat severe pyelonephritis or community-ac-
quired pneumonia, which are not caused by P. aerugi-
nosa [99]. Some other q -lactam compounds devoid of
antibiotic activity are the q -lactamase inhibitors, such
as clavulanic acid (potassium clavulanate), sulbactam
and tazobactam. Clavulanic acid and tazobactam have
been considered when amoxicillin and piperacillin
have been previously reviewed.

Imipenem-cilastatin cross the placenta and their
pharmacokinetics during pregnancy has been evaluat-
ed [100]. It was shown that after a single dose, plasma
concentration in pregnant women was significantly
lower than in non-pregnant women, both in early and
late pregnancy, and clearance from plasma was faster.
Peak amniotic fluid:maternal blood ratios for imipe-
nem-cilastatin were approximately 0.30 and 0.45, re-
spectively [101].

Although no clinical reports describing the use of this
antibiotic in the first trimester are available, it seems to
be a safe and effective agent during the perinatal period
[54]. No reports have been found to describe the use of
meropenem in human pregnancy [54]. There is little or
no substantiated clinical experience about the use of
imipenem in pregnancy and no reports of teratogenicity
exist. It is classified in Category C by the FDA [26].

After a single dose of 1 g i.v of aztreonam, detectable
concentrations of the antibiotic in fetal serum and am-
niotic fluid were found. The great majority of studies
about the use of aztreonam in pregnant women con-
cluded that the drug is safe [102]. On the other hand,
studies performed during the first semester were in-
conclusive [103]. Therefore, the teratogenic potential of
aztreonam has not been well established. It is classified
in Category B by the FDA but there is no guarantee that
this drug has a safe use, especially in the first 3 months
of pregnancy [104].

Ertapenem is a carbapenem agent, introduced in the
American market at the end of 2001 and during 2002 in
Europe as a parenteral beta-lactam antibiotic. Ertape-
nem crosses the placental barrier in animal studies
without toxicity [105]. No adequate and well-controlled
studies in pregnant women were performed, so this
drug should be used during pregnancy only if clearly
needed. It is also classified in Category B by the FDA.

Meropenem is a broad-spectrum, carbapenem anti-
biotic, given i.v. There is scarce knowledge about its
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transplacental transfer and also about its human preg-
nancy experience. Nevertheless, as a carbapenem-
group drug, it is considered safe to be used during the
perinatal period (after the 28th week of gestation). The
fetal risk before this period is unknown and it is also
classified in Category B by the FDA.

15.4.4
Vancomycin

Vancomycin is a useful antibiotic used in pregnancy in-
fections by Gram-positive bacteria when either the or-
ganisms are resistant to less toxic anti-infectives (peni-
cillins, cephalosporins) or the patient is allergic to
these agents [54]. Vancomycin crosses the placenta and
reaches fetal concentrations that are sufficient to treat
chorioamnionitis. This antibiotic seems to accumulate
in amniotic fluid after repeated administration. The
cord concentrations are about 76% of maternal serum
levels [106].

Vancomycin administration has been related to the
induction of fetal bradycardia. There is one report de-
scribing ototoxicity in newborns exposed in utero to
the drug. The loss of hearing was recovered after
3–12 months. The renal function of newborns exposed
to vancomycin was normal, suggesting the lack of
nephrotoxicity [107]. In addition, vancomycin can pro-
duce the “red man” syndrome, which is characterized
by great histamine liberation after the drug’s injection,
causing intense uterine contraction; premature labor
has been associated with vancomycin use [108]. There-
fore, despite the use of vancomycin possibly being use-
ful during the second and third trimesters of pregnan-
cy, there is scarce experience concerning this issue.
Moreover, although usual doses of vancomycin do not
seem to threaten the fetus, it is classified by the FDA in
Category C.

15.4.5
Teicoplanin

Teicoplanin is a glycopeptide antibiotic with a similar
molecular structure to that of vancomycin and it is usu-
ally indicated for patients who have limited venous ac-
cess or in whom beta-lactam antibiotics are contraindi-
cated. It is used for the same indications as vancomy-
cin. Despite its long half-life, the incidence of “red
man” syndrome is lower than the one described with
vancomycin. Until now, there is no safety information
regarding the use of teicoplanin during pregnancy and
it has still not been approved by the FDA [26].

15.4.6
Fosfomycin

Fosfomycin is indicated against a wide range of com-
mon urinary tract pathogens. In pregnant women
(28–32 weeks) given a single oral dose of 3 g of fosfo-
mycin, the maximal blood concentrations were lower
than those observed in non-pregnant women (20.5 µg/
ml at 2 h). Fosfomycin crosses the placenta slowly and
reaches concentrations in cord and fetal blood of 50%
lower than those in maternal blood. Fosfomycin has
been safely used during all trimesters of pregnancy,
and no teratogenic effects have been reported [54].
Nevertheless, since adequate and well-controlled stud-
ies in humans have not been performed, the FDA classi-
fies it in Category B [109].

15.4.7
Aminoglycosides

In general the aminoglycosides have been used in asso-
ciation with penicillins against P. aeruginosa infections
during pregnancy. Serum levels of aminoglycosides de-
creased during pregnancy. The half-life of these drugs
is shorter and total body clearance is increased. Ami-
noglycosides are distributed primarily into extracellu-
lar water. Moreover, the increased extracellular fluid
during pregnancy increases the Vd and, as a conse-
quence, serum concentrations diminish. Aminoglyco-
sides are also eliminated by the kidney via glomerular
filtration, and the increased renal clearance observed
in pregnancy contributes to a shorter half-life. There-
fore, patients may have increased dosage requirements.
Therapeutic drug monitoring, including peak and
trough serum concentrations, is needed to ensure ade-
quate dosage [14].

The aminoglycosides cross the placenta and concen-
trations in fetal plasma are lower than those reached in
the mother. The penetration of aminoglycosides in the
amniotic fluid is low (30% of maternal serum concen-
trations), but considerable concentrations of amino-
glycosides have been found in fetal renal tissues. The
potential ototoxicity is the major concern of its use dur-
ing pregnancy, which is markedly associated with
streptomycin and also with kanamycin [29].

Streptomycin crosses the placenta rapidly and at-
tains concentrations in amniotic fluid and the placenta
lower than 50% of those of maternal blood. The use of
streptomycin to treat tuberculosis during pregnancy
seems safe, but there are a few cases of the eighth crani-
al-nerve damage in newborns exposed to streptomy-
cin. This ototoxicity included cochlear or vestibular ef-
fects [29]. Many reports have associated otoxicity and
nephrotoxicity in newborns of mothers exposed to the
drug in the first trimester of pregnancy. Although the
incidence is probably low, this drug is not recommend-
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ed in pregnancy [54], so the FDA classifies streptomy-
cin as in Category D.

Gentamicin is the most widely used aminoglycoside,
with a preferential use in treating pyelonephritis resis-
tant to beta-lactam agents [93]. During pregnancy, gen-
tamicin plasma concentrations are lower than those in
non-pregnant women and could be subtherapeutic in
some infections, therefore requiring a dose increase.
Gentamicin rapidly crosses the placenta, and maximal
cord levels are 34–44% of maternal serum concentra-
tions, peaking 1–2 h after i.m. administration. Amni-
otic fluid levels are maximal 8 h after treatment. Oto-
toxicity has not been reported after its use during preg-
nancy [110, 111], but some studies have shown nephro-
toxicity in newborn babies [112]. Gentamicin is classi-
fied in Category C by the FDA.

Tobramycin and amikacin cross the placenta and are
distributed in most fetal tissues except brain. The high-
est fetal concentrations are observed in kidney and
urine. Cord concentrations at term were 33–50% of
maternal serum levels [113]. No reports linking the use
of tobramycin or amikacin and congenital defects have
been located [23]. As with other aminoglycosides, pos-
sible ototoxicity and nephrotoxicity are major concerns
when used during pregnancy [13]. It is classified in Cat-
egory D by the FDA.

The use of any aminoglycoside agent with neuro-
muscular blockers in myasthenic patients could alter
the labor process or even cause respiratory failure. Al-
so, the concomitant use of aminoglycosides and cepha-
losporins could enhance nephrotoxicity [29]. There-
fore, as a general concern, gentamicin should be re-
served for restricted indications and administered in
the smallest possible dosage during pregnancy [26].

15.4.8
Macrolides

The use of macrolides in pregnant women is limited to
treating syphilis and upper-respiratory tract infections
in patients with an allergic history to penicillin. More-
over, it has been used to treat toxoplasmosis and ure-
thritis caused by C. trachomatis [23].

Erythromycin has been used during pregnancy for
the treatment of mycoplasma infections. A random-
ized, controlled trial in the United States has shown
that treatment with erythromycin between 26 and
30 weeks’ gestation reduces the incidence of premature
rupture of membranes by 10% [19]. Erythromycin
concentrations during pregnancy show high variability
and it crosses the placenta although the concentrations
are very low in fetal plasma (5–19%) [59, 114].

The Collaborative Perinatal Project did not detect
any risk of malformation in 230 babies exposed to
erythromycin throughout pregnancy [23]. Neverthe-
less, the Center of Disease Control observed a greater

risk of pyloric stenosis in children born from mothers
exposed to this drug, while other similar studies
showed the opposite [115]. Therefore, until no conclu-
sive results exist, the use of erythromycin in pregnancy
should be carefully prescribed and it is classified in
Category B by the FDA.

Erythromycin estolate can induce hepatotoxicity in
pregnant women. Around 10% of patients treated with
this salt during the second trimester of pregnancy have
elevated hepatic transaminases. Therefore, erythromy-
cin estolate is contraindicated during pregnancy
[116–118].

Spiramycin is used in some countries as the treat-
ment of choice for primary toxoplasmosis in pregnant
women. Spiramycin crosses the placenta, and the
cord:maternal ratio is approximately 0.5. Moreover, the
concentrations in the placenta are 2–4 times higher
than those reached in plasma. The drug has not been
related to fetal harm or teratogenesis [54, 80].

Clarithromycin is mainly used for the treatment of
infections of the upper-respiratory tract, for H. pylori
eradication and for prophylaxis against M. avium in
HIV-positive pregnant women. There are some case re-
ports of possible teratogenic effects of clarithromycin.
It is associated with spontaneous abortion in humans
and, moreover, with cardiovascular abnormalities and
palatine cleft in animal studies with rats [26]. Although
the evidence is scarce, the drug is not recommended
during pregnancy at present [54], and it is classified in
Category C by the FDA.

Azithromycin has been used as single-dose therapy
for chlamydial infections during pregnancy [14]. The
safety of azithromycin during pregnancy has not been
fully established, although there are no reports of con-
genital defects, and it is classified in Category B by the
FDA [119].

Roxithromycin (a macrolide derivate from erythro-
mycin) can be used in the treatment of gynecological
infections in pregnant women which are caused by
chlamydia and U. urealyticum [118]. It crosses the pla-
cental barrier better than erythromycin and azithro-
mycin. Although no teratogenic effects have been dem-
onstrated, the safety in human beings is not well estab-
lished yet [26]. It is classified in Category B by the FDA.

Telithromycin is a semisynthetic, erythromycin der-
ivate with enhanced activity against macrolide-resis-
tant streptococci [120]. At present, there are no studies
in pregnant women, and teratogenic potential was ob-
tained through animal models. No evidence of terato-
genic effects was found and it should be used during
pregnancy only if a clear potential benefit could justify
its prescription [26]. It is classified in Category C by the
FDA.
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15.4.9
Nitrofurantoin

Nitrofurantoin crosses the placenta and may induce fe-
tal hemolytic anemia if glucose-6-phosphate dehydro-
genase deficiency is present. Its use has not been asso-
ciated with congenital defects [47, 121]. Nitrofurantoin
is classified in Category B by the FDA.

15.4.10
Sulfonamides and Trimethoprim

The main indication to use sulfonamides during preg-
nancy has been, in recent years, to treat urinary tract
infections. These drugs cross the placenta, and fetal
concentrations are 70–90% of maternal ones at 2–3 h
after administration, and at 2 h equilibrium between
maternal and fetal blood is reached [122]. Sulfon-
amides are teratogenic in some animal species, but
most studies have found no association in humans and
it is currently believed that they do not seem to have
any teratogenic risk [14]. Sulfonamides can displace
bilirubin from its albumin-binding sites and, therefore,
induce hyperbilirubinemia. This increase could theo-
retically cause kernicterus in neonates and this risk ad-
vises against its use in the third trimester of pregnancy
and also in neonates [22, 123]. In addition, sulfon-
amides could cause hemolytic anemia in newborns de-
ficient in glucose-6-phosphate dehydrogenase [124].
They are classified in Category B by the FDA.

Trimethoprim is mainly used in combination with
sulfamethoxazole (cotrimoxazole) to treat urinary in-
fections, and for the prophylaxis of pneumonia caused
by Pneumocystis carinii in HIV-positive pregnant
women. Both substances cross the placenta and reach
concentrations in fetal and amniotic fluid similar to
those found in maternal plasma. Many studies have
shown the ability of this drug to interfere in fetal devel-
opment, causing palatine cleft, malformation in the
urinary tract and in the cardiovascular system [47, 122,
125]. It is classified in Category C by the FDA.

15.4.11
Tetracyclines

Tetracyclines were routinely used for prevention and
treatment of obstetric infections until the 1960s, when
their overall risks were shown [54]. Tetracyclines cross
the placenta, reaching high levels in the fetal blood, de-
spite their poor penetration in amniotic fluid (20% of
mother’s blood levels). Moreover, concentrations of tet-
racycline were lower in cord serum in comparison to
maternal blood during labor [25].

Tetracyclines can produce adverse effects on fetal
teeth and bones, maternal liver toxicity, and congenital
defects. Tetracyclines cause yellow discoloration of

bone and teeth if administered during the period of de-
velopment of these tissues. This effect is a consequence
of the potent chelating ability of the drug and its depo-
sition in the calcifying bones and teeth as well as the
possible destruction of enamel [29].

An association between tetracycline use during
pregnancy and liver toxicity has been reported as a
rare, but often fatal, event, usually following i.v. dosing
of more than 2 g/day and mostly in pregnant women
being treated for pyelonephritis [126]. Toxicity and ma-
jor defects expected by tetracyclines include azotemia,
jaundice and acute fatty degeneration in pregnant
women. Tetracycline administration has been associat-
ed with the appearance of neural-tube defects, palatine
cleft, severe congenital cardiovascular abnormalities,
hypospadias, inguinal hernia, hypoplasia of limb and
clubfoot [28]. Therefore, all tetracyclines are contrain-
dicated during all pregnancy periods [22, 47], especial-
ly during the calcification stage of hard tissue; after the
20th week of pregnancy [23]. They are classified in Cat-
egory D by the FDA.

15.4.12
Lincosamides

Lincosamides have been used as prophylactic therapy
prior to cesarean section [54]. Plasma concentrations of
clindamycin in pregnancy are similar to those in non-
pregnant women. Clindamycin crosses the placenta and
reaches cord levels of approximately 50% of that of the
maternal blood. The maternal:placenta concentrations
ratio is 1 and fetal concentrations are in the therapeutic
range [127, 128]. No increased teratogenic risk was ob-
served in 647 babies previously exposed to clindamycin
during the first trimester of pregnancy [23].

Lincomycin crosses the placenta, reaching cord lev-
els of about 25% of the maternal serum levels. No ef-
fects on the newborn have been observed. The FDA
classifies both clindamycin and lincomycin as in Cate-
gory B agents.

15.4.13
Metronidazole

Metronidazole during pregnancy is restricted to treat-
ment of infections caused by T. vaginalis or caused by
anaerobic microorganisms [128]. Metronidazole freely
crosses the placenta with a cord:maternal plasma ratio
of 1 and reaches the fetal blood and amniotic liquid at
high concentrations.

The use of metronidazole in pregnancy is controver-
sial. Metronidazole is mutagenic and carcinogenic in
bacteria and animals. Several studies have described
the safety of metronidazole in pregnancy. In a series of
1,020 women who received metronidazole during the
first trimester for treatment of vaginitis, no birth de-
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fects attributable to the drug were observed [129].
Similar results have been reported after the analysis of
pregnancy outcomes of 1,307 women who received
metronidazole between 30 days before and 120 days af-
ter the onset of their last normal menstrual period.
The use of metronidazole has been associated with a
possible teratogenic or cancer-inducing agent in fe-
tuses [29, 130]. Prospective and retrospective studies
did not confirm these defects [128, 130]. However, con-
cerns remain and have led to advice against its use in
pregnancy.

The manufacturer considers metronidazole to be
contraindicated to treat trichomoniasis during the first
trimester of pregnancy. It may be used during the sec-
ond and third trimesters if other alternative therapies
have failed [54]. It is classified in Category B by the
FDA.

15.4.14
Chloramphenicol

Chloramphenicol freely crosses the placenta, and se-
rum-cord concentrations ranged from 30% to 106% of
maternal levels [131]. No reports linking the use of
chloramphenicol and congenital defects have been
found. Chloramphenicol is metabolized by glucurono-
conjugation. In newborns and premature neonates, the
immaturity of this metabolic pathway produces high
plasma concentrations of the drug that have been asso-
ciated with the appearance of the “gray baby syn-
drome” [30]. This syndrome is characterized by cyano-
sis, paleness, abdominal distension, vomiting and cir-
culatory collapse, resulting in a 50% mortality.

A study based on the Hungarian Case-Control Sur-
veillance of Congenital Abnormalities during a period
between 1980 and 1996 did not find any teratogenic risk
to fetuses of mothers exposed to this drug during early
stages of pregnancy [131]. Nevertheless, the drug
should be avoided at term or during the third trimester,
but some authors even consider that chloramphenicol
is contraindicated during the entire pregnancy [14, 54].
It is classified in Category C by the FDA.

15.4.15
Oxazolidinones

Linezolid is a synthetic, oxazolidinone class, antibacte-
rial agent that is indicated for the treatment of Gram-
positive bacteria, including vancomycin-resistant en-
terococcus in both oral and i.v. formulations. It is main-
ly used to treat skin and soft tissue infections, pneumo-
nia and bacteriemia [132]. In animal studies, linezolid
induced decreased fetal body-weights and reduced os-
sification of sternebra in rats. There are no adequate
and well-controlled studies in pregnant women. There-
fore, linezolid should be used during pregnancy only if

the potential benefit justifies the potential risk to the fe-
tus [54]. The FDA classifies it as a Category C agent.

15.4.16
Rifampicin

Rifampicin has been used to treat both bacterial infec-
tions and tuberculosis. As with other antimycobacteri-
al agents, it crosses the placenta and reaches high levels
in fetal plasma. The cord:maternal concentration ratio
ranges from 0.12 to 0.33. The risk for fetal malforma-
tions is lower than leaving tuberculosis untreated [54].
Like other first-line antituberculosis agents, they are
considered by the CDC to be safe for tuberculosis treat-
ment during pregnancy, and no teratogenic effects have
been reported with the exception of those related to
streptomycin due to an increased risk of ototoxicity in
infants [133]. It is classified in Category C by the FDA.

15.4.17
Fluoroquinolones and Quinolones

Fluoroquinolones are widely used to treat ambulatory
and severe infections that require hospitalization.
These antibiotics are able to cross the placental barrier,
but no reports exist about malformations or musculo-
skeletal anomalies during the first trimester of gesta-
tion [29, 134].

Fluoroquinolones have a high affinity for cartilage,
and studies in laboratory animals have demonstrated
arthropathy of weight-bearing joints after the adminis-
tration of fluoroquinolones in young animals and dur-
ing pregnancy [135]. Although there are some cases of
arthropathy in children treated with quinolones during
pregnancy or childhood, the epidemiological evidence
seems to indicate a low risk of congenital malforma-
tions. The analysis of human surveys seems to indicate
that the frequency of congenital anomalies was not in-
creased during the first-trimester exposure to fluoro-
quinolones [136]. A recent study following 200 pregnant
women exposed to fluoroquinolones (norfloxacin, ci-
profloxacin and ofloxacin) has shown a similar rate of
major congenital defects to those of the control group
(2.2% vs. 2.6%, respectively). There was no clinically
significant, musculoskeletal dysfunction in children ex-
posed to fluoroquinolones in the uterus [137]. However,
quinolones are contraindicated during pregnancy and
until adolescence, the only accepted use being the treat-
ment of lung infections in children with cystic fibrosis.

In pregnant women receiving ciprofloxacin (200 mg
i.v. every 12 h), serum concentrations were much lower
than those found in non-pregnant patients. This is
probably related to an increased renal excretion [138].
Ciprofloxacin crosses the placenta slowly, and its amni-
otic concentrations are approximately 57% of those ob-
tained in plasma [138].
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In the case of pefloxacin, a quinolone mainly elimi-
nated by the hepatic route, the plasma concentrations
were similar in pregnant and non-pregnant women.
Concentrations of pefloxacin in amniotic fluid were
lower than those observed in plasma (70%) [138].

Ofloxacin was administered to 20 pregnant women
(19–25 weeks’ gestation). Serum and amniotic fluid
concentrations were carried out 6 h, 10 h and 24 h after
dosing (two 400-mg i.v. doses every 12 h). Maternal
blood levels at these times were 0.68, 0.21 and 0.07 µg/
ml, whereas amniotic fluid levels were 0.25, 0.15, and
0.13 µg/ml [138].

Levofloxacin is a new, marketed fluoroquinolone. In
terms of chemical structure, it is one of the two optical
isomers of ofloxacin. Its pharmacokinetic properties
should be similar to those of ofloxacin.

Moxifloxacin is an oral synthetic, broad-spectrum,
fluoroquinolone anti-infective agent and no reports de-
scribing its use during human pregnancy have been lo-
cated. It is not known if moxifloxacin crosses the hu-
man placenta, but its molecular weight is low enough to
consider this possibility. In regard to its safety, some re-
viewers have concluded that, like the other fluoroqui-
nolones, it should be considered contraindicated in
pregnancy and, as a rule, safer alternatives are usually
available [54]. All of these are classified in Category C
by the FDA.

15.4.18
Glycylcyclines

Tigecycline is the first member of a new class of broad-
spectrum i.v. antibacterials called glycylcyclines, ap-
proved in June 2005 by the FDA, and specifically devel-
oped to overcome the two major mechanisms of tetra-
cycline resistance (ribosomal protection and efflux). It
is indicated in complicated skin, visceral and severe in-
tra-abdominal infections in adults. It may cause fetal
harm when administered to pregnant women. Use of ti-
gecycline during tooth development may cause perma-
nent discoloration of the teeth [139]. Tigecycline is
classified in Category D by the FDA.

15.4.19
Polymyxins

Colistin (polymyxin E) is the main representative of the
group, with an antimicrobial activity restricted to
Gram-negative bacteria. It has been useful during preg-
nancy only to treat P. aeruginosa infections or in the
case of cesarean-section prophylaxis, in association
with ampicillin. Colistin is classified in Category C by
the FDA because of its nephrotoxicity, neurotoxicity,
neuromuscular blockade, ataxia, dizziness, convul-
sions and circumoral paraesthesia. Its use has been su-
perseded by safer antibiotics [140].
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16Immunomodulation in Sepsis
G.W. Waterer

16.1
Introduction

Despite all the advances in medical care and technolo-
gy the mortality rate from severe sepsis has changed lit-
tle over the past 3 decades [1]. The failure to improve
survival from severe sepsis is in part due to the aging
population and an increasing number of patients at
risk who have substantial comorbidities, including iat-
rogenic immunosuppression from chemotherapy for
malignancy and the variety of immunosuppressive
agents now used in a host of chronic autoimmune dis-
eases. However, another substantial contributing factor
is that many patients present with, or rapidly develop,
sepsis-induced complications for which we have no ef-
fective prevention or cure.

In the vast majority of patients with sepsis in whom
a pathogen is identified they have usually been treated
with appropriate antibiotics. It is therefore extremely
unlikely that the mortality rate from sepsis can be im-
proved through the development of newer classes of
antibiotics [2]. This is not a new observation; Austrian
and Gold reporting in the 1960s that antibiotics had no
effect on mortality in the first 48–72 h in patients ad-
mitted with bacteremic pneumococcal pneumonia [3].

As antimicrobial approaches seem unlikely to im-
prove the outcome of sepsis, the possibility of modify-
ing the host response has become a major focus of sep-
sis research. This chapter will focus on previous trials
of immunomodulatory agents as well as current agents
being trialed and potential agents in the near future.

16.2
The Immune Response in Sepsis

Patients who succumb to sepsis seem to fall into two
broad groups. The first group can be loosely catego-
rized as having an excessive immune response to infec-
tion, including those who develop septic shock, acute
respiratory distress syndrome (ARDS) and multiorgan
failure. The second group is patients who can be cate-
gorized as having an inadequate host response to infec-
tion, including the elderly, alcoholics, diabetics and pa-

tients with significant co-morbid illnesses, such as car-
diac failure or cirrhosis. In reality these are not two mu-
tually exclusive groups, with substantial overlap exist-
ing due to the dynamic changes during the evolution
and resolution of sepsis.

The difficulty in balancing the beneficial and the
detrimental effects from interfering in the natural his-
tory of the immune response to sepsis is a common
theme for all immunomodulatory therapy. As shown in
Fig. 16.1, the typical response is one of initial exuberant
production of proinflammatory cytokines and then a
compensatory anti-inflammatory phase (also known
as immunoparalysis, endotoxin tolerance or compen-
satory anti-inflammatory response syndrome). Trying
to dampen the proinflammatory phase runs the risk of
making the anti-inflammatory phase more extensive,
and the duration and severity of immunoparalysis cor-
relates with the risk of death from nosocomial compli-
cations [4, 5].

Even when patients are overtly similar, marked vari-
ability in the clinical response to the same causative or-
ganism is seen. The cause(s) of this significant variabil-
ity in response to pathogens is multifactorial but clearly
has a significant genetic component [6]. Insights into
the inheritable risk factors for sepsis are gradually ac-
cumulating [7–9] and are a potential hope for the de-
velopment of interventions in the future.

Fig. 16.1. The immune response in sepsis
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16.3
Anti-inflammatory Approaches
16.3.1
Anti-TNF Therapies

Tumor necrosis factor (TNF) is a cytokine that for a
number of reasons is thought to play a central role in
the pathogenesis of sepsis and septic shock. First, TNF
concentrations are increased during clinical and exper-
imental sepsis [10–12]; second, increasing concentra-
tions and especially persistence of high concentrations
of TNF during sepsis are associated with non-survival
[12]; third, endotoxin and bacterial challenge in ani-
mals and low-grade endotoxin challenge in humans
leads to TNF release [13]; fourth, TNF challenge in ani-
mals [14] and humans [15, 16] leads to or simulates
sepsis and organ failure; and, fifth, TNF neutralization
in experimental sepsis frequently leads to amelioration
of sepsis symptoms and increases survival [17–19]. Al-
though these studies clearly underline the pivotal role
that TNF plays in the pathogenesis of sepsis, in retro-
spect it is interesting that there was early data suggest-
ing that in some situations, and particularly in cecal li-
gation and puncture peritonitis models of sepsis, anti-
TNF antibodies actually resulted in increased mortality
[20].

Based on the findings of the studies outlined above,
drugs against TNF were produced and clinical trials
were conducted to test whether inhibiting TNF also im-
proves survival in human sepsis. Early studies of anti-
TNF antibodies and TNF-receptor fusion proteins did
not lead to the hoped for results in phase III trials
[21–26]. However, a meta-analysis of all randomized
controlled clinical studies shows that anti-TNF strate-
gies with monoclonal antibodies are effective in in-
creasing survival, with a mean improvement in surviv-
al of ~3% [27]. It is striking that most trials show a
small, albeit non-significant, increase in survival in pa-
tients treated with anti-TNF drugs, suggesting that
TNF inhibition has led to beneficial effects in sub-
groups of patients. The recent positive results with afe-
limomab targeting patients with sepsis and elevated se-
rum interleukin-6 levels [28] further reinforces the fact
that effective reduction in TNF production or effect has
therapeutic potential.

A variety of reasons have been suggested for why the
effects of these anti-TNF strategies have not produced
the dramatic clinical benefit expected from the animal
studies. In addition to other reasons, each of these
strategies attempted to neutralize already-produced
TNF. A more effective strategy may be to suppress or
modulate the ongoing production of TNF. In addition,
each of these strategies affects the intravascular space
predominantly, if not exclusively. Much of the organ
dysfunction caused by sepsis may be occurring in
spaces without direct intravascular involvement, such

as the respiratory epithelium. In addition, the effect of
anti-TNF antibodies is only on extracellular or mem-
brane-associated TNF and not intracellular levels.

Two drugs known to reduce TNF production and
therefore potential immunomodulatory agents in sep-
sis are thalidomide and pentoxifylline. Thalidomide
shows some promise in an animal Pseudomonas sepsis
model [29], and can inhibit septic shock in mice [30]
and rats [31] injected with endotoxin. LASSBio-468, a
thalidomide analogue, also improves survival in mice
injected with endotoxin [32].

Pretreatment with pentoxifylline significantly re-
duces the TNF response to endotoxin in human periph-
eral blood mononuclear cells and improves survival in
endotoxin treated rats [33], but the results when it is
given after exposure are unclear. Interestingly pentoxi-
fylline had beneficial effects on coagulation dysfunc-
tion after endotoxin injection in rabbits [34], suggest-
ing that it may be able to ameliorate sepsis-induced or-
gan damage. The combination of pentoxifylline and
thalidomide has also been shown to reduce mortality
from endoxin induced shock in rats [35]. Unlike thalid-
omide, pentoxifylline has been trialed clinically in neo-
natal sepsis for nearly a decade, but with inconclusive
results largely due to the small number of subjects en-
rolled and inconsistent methodology amongst the
studies [36]. Results have varied from encouragingly
positive [37], to a clear trend to worse outcome [38],
and much further research is clearly required.

16.3.2
Other Anti-Cytokine Strategies

Given experimental data suggesting IL-1 produces a
nearly identical inflammatory response to TNF, this
was another logical target for intervention in sepsis. In-
terleukin-1 receptor antagonist (IL1-RN) is a natural
antagonist of IL-1 and showed some promise in animal
studies. However, as with anti-TNF trials, the phase III
studies of IL1-RN were disappointingly negative [39]
after promising early clinical data [40, 41].

Amongst the other failed anti-inflammatory agents
trialed to date are prostaglandin antagonists [42, 43],
bradykinin antagonists [33] and platelet activating fac-
tor antagonists [34, 35]. When taken human clinical tri-
als all have failed to demonstrate any net beneficial ef-
fect despite initial promising results in animal studies.

16.3.3
Corticosteroids

With their potent anti-inflammatory action and proven
efficacy in a variety of autoimmune diseases, glucocor-
ticoids are an obvious choice of agent to try in patients
thought to have an excessive, and deleterious, immune
response in sepsis. The use of glucocorticoids in a de-
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liberately immunosuppressive dose in patients with se-
vere sepsis is very different to their increasingly accept-
ed use in lower, physiological replacement doses [44,
45].

The evidence for high dose glucocorticoid therapy
in patients with severe sepsis is poor with randomized,
controlled trials showing no benefit [46–48]. Pooled
analysis of nine randomized, controlled trials showed
no beneficial effect of corticosteroids in patients with
septic shock [49]. Even more disturbing was a trend to
greater mortality in patients receiving corticosteroids,
particularly in those who developed secondary infec-
tions.

However, recently interest has renewed in their use
in the setting of severe community-acquired pneumo-
nia after a small pilot study found a significant survival
advantage for patients treated with a continuous hydro-
cortisone infusion [50]. Although there are problems
with this study, notably the absence of any mortality in
the treatment group, there is support for high dose glu-
cocorticoids in other respiratory infections such as
Pneumocystis carinii pneumonia [51, 52] and severe
Varicella pneumonia [53]. Monton and coworkers [54]
also studied the effect of intravenous methylpredniso-
lone on bronchoalveolar lavage fluid (BALF) and serum
cytokines in 20 patients with severe nosocomial pneu-
monia or CAP. The 11 patients who received methyl-
prednisolone had significantly lower serum and BALF
cytokine and C-reactive protein levels. There was also a
non-significant trend to lower mortality in the steroid
treated group (36% vs. 67%).

16.3.4
Macrolide Antibiotics

Although macrolide antibiotics have been used as anti-
microbial agents for more than 50 years, recent studies,
particularly in pneumonia, have focused attention on
their potent immunomodulatory properties. Observa-
tional studies by Mufson and Stanek [55], Waterer et al.
[56], Martinez et al. [57], Baddour et al. [58] and Weiss
et al. [59] have all identified significant mortality re-
ductions in patients with bacteremic pneumococcal
pneumonia who received combination antibiotic ther-
apy compared to patients who received monotherapy.
Additional observational studies in more general CAP
cohorts have also identified outcome benefits of combi-
nation therapy over monotherapy [60–63]. While the
mechanism is unclear, the most consistent finding is
that the key component of combination therapy is the
macrolide. This is further supported by a recent study
that found that a macrolide was clearly superior to a
fluroquinolone as the agent used in combination with a
beta-lactam in patients with severe pneumonia [64].

Macrolide antibiotics fairly consistently reduce pro-
duction of inflammatory cytokines, including TNF, in-

terleukin-1 q , interleukin-6, interleukin-8, gamma in-
terferon (IFN- * ) [65], and intercellular adhesion mole-
cule-1 [66, 67]. In both human respiratory epithelial
cells [68] and monocytes [69], the reduction in proin-
flammatory cytokine production is probably via sup-
pression of nuclear factor kappa beta activation. How-
ever, given the multitude of effects, macrolides likely
act at multiple sites within the inflammatory cascade
[70].

Two recent publications have demonstrated a clear
survival advantage of clarithromycin therapy in a rab-
bit-pyelonephritis model of sepsis [71, 72]. Although
clarithromycin had no anti-microbial activity against
the Escherichia coli causing the sepsis, its addition to
therapy resulted in a marked increase in survival. The
survival benefit was almost equivalent to that of an ac-
tive bacteriocidal agent (amikacin). Furthermore the
increase in survival with administration of clarithro-
mycin was accompanied by a marked decrease in
monocyte activation and TNF production compared to
control [72]. Earlier work by the same group showed a
similar benefit in a rabbit Pseudomonas-peritonitis
sepsis model [73], demonstrating that the effect was
dependent on neither site nor microorganism.

Macrolide antibiotics are now used in a wide range
of diseases for their immunomodulatory properties.
This list includes diffuse panbronchiolitis, where
erythromycin reduces the 5-year mortality rate from
70% to less than 20% [74, 75], cystic fibrosis [76–79],
bronchiectasis [80], and obliterative bronchiolitis [77,
81]. With the strength of the clinical data in pneumonia
and the supportive animal and basic science data, fur-
ther studies in patients with severe sepsis are keenly an-
ticipated.

16.3.5
HMG-CoA Reductase Inhibitors

A number of recent retrospective studies have focused
attention on the immunomodulatory (as distinct from
the cholesterol lowering) properties of HMG-CoA re-
ductase inhibitors (or statins). In patients with bacter-
emia, use of a statin prior to admission was associated
with a substantially lower mortality rate (odds ratio
0.39; CI 95% 0.17, 0.91; p=0.029) [82]. Population stud-
ies have also suggested a lower risk of severe sepsis in
patients taking statins for cardiovascular disease [83,
84]. Statins given after the onset of sepsis also improve
survival in mice subjected to cecal ligation and punc-
ture [85].

The exact mechanism by which statins might have
beneficial effects in patients is unknown but they clear-
ly can have significant immunological effects [86]. The
most likely mechanism is via their ability to prevent
NF-kappaB transactivation [87, 88]. Statins also appear
to suppress toll-like receptor 2 and 4 expression [89,
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90], thereby reducing sensitivity to bacterial antigens,
and simvistatin has been shown to modulate chemoki-
ne and chemokine receptor expression [91].

There are no current published clinical trials in hu-
man subjects, but given the fact that statins are relative-
ly non-toxic, widely available and relatively cheap these
are very likely to be conducted over the next few years.

16.4
Immune Stimulation
16.4.1
Granulocyte Colony-Stimulating Factor

The neutrophil, or polymorphonuclear leukocyte
(PMN), is a key cell in the host defense against microbi-
al pathogens, particularly against bacteria and fungi.
Both alcohol and diabetes, known risk factors for se-
vere sepsis, have been shown to impair PMN function
[92, 93]. A logical hypothesis following from this is that
improving PMN function may improve the outcome of
sepsis.

Granulocyte colony-stimulating factor (G-CSF) is
one of a family of glycoproteins that control hemato-
poiesis [94]. G-CSF has significant effects on PMN
function, increasing the response to chemotaxins, en-
hancing phagocytosis, increasing the respiratory burst,
delaying neutrophil apoptosis and increasing bacteri-
cidal and fungicidal activity [94, 95]. G-CSF also accel-
erates the development of PMNs, leading to an in-
creased rate of release from the bone marrow [95]. Due
to these properties, G-CSF was an attractive candidate
for study in patients with sepsis.

Since PMNs have been implicated in the develop-
ment of multiorgan dysfunction, including ARDS [96,
97], the potential for harm from G-CSF therapy in some
patients also exists. PMNs newly released from the
bone marrow appear to preferentially sequester in the
lung microvasculature [98], raising further concern
about an increased risk of ARDS.

Animal pneumonia models demonstrate both poten-
tials of GCSF treatment. Karzai and colleagues [99] used
an endobronchial instillation model to demonstrate
that G-CSF had a beneficial effect in S. aureus infected
rats while E. coli infected rats had increased pulmonary
injury and mortality with GCSF treatment. A signifi-
cantly greater drop in peripheral PMN counts in E. coli
infected rats was consistent with neutrophil mediated
lung injury secondary to adherence to endothelium and
subsequent degranulation, to which the lung is particu-
larly susceptible [100]. The dose of E. coli given was also
fivefold greater than the dose of S. aureus, raising the
possibility that the E. coli arm actually produced a mod-
el of acute lung injury rather than pneumonia.

The potential pathogen-specific effects of G-CSF are
supported by the same research group who confirmed

that G-CSF was ineffective in a canine E. coli peritoneal
sepsis model [101]. However, other researchers have
observed G-CSF administration improved survival in
animals with Gram negative sepsis [102]. The site of in-
fection may also be important, with suggestions that G-
CSF may only be effective for localized extravascular
infection where stimulated neutrophils can have a max-
imum effect [103].

Initial studies of G-CSF in non-neutropenic human
patients with pneumonia were encouraging [104]. Nel-
son et al. [105] conducted a prospective, multicenter,
randomized, placebo controlled trial of G-CSF 300 µg/
day (for up to 10 days) in 756 patients with community-
acquired pneumonia, 380 of whom received active
drug. G-CSF appeared to be safe in this population,
with even a trend to less ARDS and disseminated intra-
vascular coagulation (DIC), although the numbers of
each complication were small. Overall, no significant
benefit was demonstrated, and while a trend to better
outcome in patients with multilobar pneumonia was
found, a subsequent trial looking specifically at multi-
lobar disease did not confirm this benefit [106]. A fur-
ther follow-up study again in patients with pneumonia
and sepsis found no advantage with G-CSF therapy
[107], and in a study of non-neutropenic patients with
nosocomial pneumonia G-CSF gave no survival advan-
tage [108].

Despite the discouraging results in patients with
pneumonia, research has continued trying to define the
patient population who will benefit from G-CSF. In rats
G-CSF appears to help prevent secondary sepsis after
an initial traumatic insult [109]. However, G-CSF ap-
pears to increase the likelihood of lung injury in me-
chanically ventilated rats [110]. Further human studies
may well eventuate if a population can be clearly de-
fined in whom G-CSF is likely to beneficial.

16.4.2
Granulocyte-Macrophage Colony-Stimulating Factor

Granulocyte-macrophage colony-stimulating factor
(GM-CSF) is another hematopoietic growth factor that
has attracted interest as a therapeutic agent in sepsis.
Unlike G-CSF, as its name implies GM-CSF has a much
greater effect on cells of the monocyte-macrophage
lineage [111]. This is particularly pertinent given that
monocytes are generally considered to be the primary
engine for cytokine production driving the pathogene-
sis of severe sepsis and septic shock [112–114].

A pilot study of GM-CSF in patients with sepsis-in-
duced respiratory failure found modest improvements
in gas exchange and faster ARDS resolution in the
treatment group compared to a placebo group [115].
However, Rosenbloom and colleagues [116] conducted
a randomized, placebo-controlled, unblinded trial of
GM-CSF in 40 non-neutropenic patients with sepsis
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and found a significantly greater rate of clinical and mi-
crobiologic cure or improvement, but no difference in
mortality. This was, however, not a typical group of
sepsis patients as there was a high percentage (45%) of
solid-organ transplant recipients. As these patients are
typically still on immunosuppressive therapy, the re-
sults are probably not generalizable to ‘routine’ patients
with sepsis. Again further human studies are unlikely
to evolve until the patient subgroups most likely to ben-
efit are further defined.

16.5
Conclusion

Despite all the promise the goal of modifying the im-
mune response to improve the outcome of patients with
severe sepsis remains elusive. Initial promising animal
studies, and phase I and phase II studies have not even-
tuated into successful phase III trials. Much of the fail-
ure may be due to failure to select the right patient
group rather than lack of efficacy of the agent. Our cur-
rent tools for the assessment of immune function in pa-
tients with sepsis are crude and until these improve we
may not be able to adequately target agents that have the
potential to cause harm if used in the wrong situation.

Much of the immediate promise is surprisingly not
with expensive, new agents, but with the relatively
cheap macrolides and statins. While full clinical trials
have not been conducted, the widespread use of these
drugs for their traditional indications, their known
safety and their low cost make them very appealing
agents in sepsis. Only time will tell if they also fail to
live up to expectation when assessed rigorously in a
proper, randomized, placebo controlled trial. In the
meantime research continues to try and define appro-
priate populations for drugs that have failed the phase
III hurdle. As our knowledge of the immunology of sep-
sis improves and our ability to assess immune individu-
al immune status in a rapid and accurate manner im-
proves drugs such as anti-TNF, antibodies may well see
a resurgence of interest and further clinical trials.
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17Antibiotic Induced Diarrhea
O.J. Pérez-Jimenez

17.1
Introduction

Antibiotic induced diarrhea is a spectrum of diseases
varying from asymptomatic colonization with Clos-
tridium difficile to fulminant colitis. The most common
expression of this disease complex is antibiotic induced
diarrhea without colitis. This chapter will cover the
clinical and epidemiological manifestations of pseudo-
membranous colitis with special attention to the criti-
cally ill patient. Other causes of antibiotic induced diar-
rhea will be reviewed briefly.

Pseudomembranous colitis was initially described
by Finney at the end of the nineteenth century [1]. The
case was a 22-year-old female with a gastric tumor who
underwent resection; the patient then developed severe
diarrhea postoperatively. Postmortem examination
showed the presence of a diphtheric membrane in the
small bowel [1]. With the advent of antibiotics a surge
in cases of nosocomial diarrhea was noted. Even with
only the use of antibiotic prophylaxis there is a rate of
diarrhea of 14–27% [2, 3]. Earlier microbiological
studies revealed the presence of Staphylococcus aureus
in some patients, and the fact that treatment with oral
vancomycin improved the diarrhea supported the the-
ory of Staphylococcus aureus as the etiologic agent.

In the 1950s the relationship of antibiotic use and the
development of a syndrome of fever, diarrhea and coli-
tis were clearly established. Anatomic studies especially
in patients who received antibiotic prophylaxis prior to
surgery show the presence of Staphylococcus aureus.
These findings were based on Gram’s stain and stool
culture. In 1970 a group from Barnes Hospital in Saint
Louis performed the first prospective study of clinda-
mycin associated diarrhea. Ten percent of the patients
showed the presence of pseudomembranes in the colon
at endoscopy [4]. Staphylococcus aureus was not isolat-
ed in any of these patients. Further studies on stool sam-
ples in the same group showed the presence of C. diffi-
cile and its cytopathic toxin in patients with colitis.

Several animal studies using rodents have shown
that treatment with penicillin induced fulminant coli-
tis. In 1974, while looking at the role of viruses in a
guinea pig model of antibiotic induced diarrhea, Green

noted cytopathic changes in tissue cultured cells. This
is probably the first report of the effect of C. difficile in
the literature [5]. Earlier reports noted that C. difficile
produces a toxin that was lethal to guinea pigs and rab-
bits and that most strains of the bacteria produce this
toxin. Attention was shifted to these bacteria and in
1977 the relationship between colitis, toxin and C. diffi-
cile was clearly elucidated [6].

17.2
Clinical Presentation

The typical presentation for Clostridium difficile diar-
rhea is abdominal pain, profuse diarrhea, fever and
leukocytosis after exposure to antibiotics. Symptoms
can start 48 h after antibiotic administration, but can
be seen up to 8 weeks after cessation of antibiotic thera-
py. The abdominal pain is crampy in nature, most fre-
quently diffuse but can be localized to the left lower
quadrant. Reports of patients with C. difficile colitis
presenting with an acute abdomen have been noted es-
pecially in the elderly. Diarrhea is profuse, mucoid,
green colored and watery with evidence of fecal leuko-
cytes. Diarrhea can be severe with 15–30 bowel move-
ments per day. The large volume loss can cause dehy-
dration, electrolytic disturbances and hypotension.
Bloody stools are unusual, but trace amounts of blood
are frequently found. The fever is usually low grade but
can be as high as 40.7°C. The leukocytosis, usually in
the range of 10,000–20,000/mm3, can reach counts
greater than 40,000 cells/mm3. Hypoalbuminemia may
be present early in the disease and is attributed to a pro-
tein losing enteropathy. Polyarthritis involving large
joints has been reported as an extraintestinal manifes-
tation of pseudomembranous colitis [7].

Most of the hospitalized patients, up to 66%, will
have infection with C. difficile as an asymptomatic car-
rier. These carriers are constantly shedding the organ-
ism and are reservoirs for the infection in the health-
care facility [8]. The carrier state may be due to the
presence of serum IgG antibodies against toxin A,
which protects against the development of diarrhea
and colitis [9].
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17.3
Pathophysiology

Clostridium difficile diarrhea, colitis and pseudomem-
branous colitis are toxin mediated mucosal inflamma-
tory processes that are usually characterized by the
presence of grossly or microscopically visible pseudo-
membranes consisting of nodules or large plaques con-
taining leukocytes, fibrin, mucus and epithelial cells
loosely adherent to the surface of the underlying in-
flamed and necrotic mucosa [7]. Clostridium difficile
infection can manifest as asymptomatic carriage, diar-
rhea (secretory type), colitis with and without pseudo-
membranes, fulminant colitis with toxic dilatation of
the colon, perforation, hypovolemia, shock and death.

Clostridium difficile associated diarrhea is caused
primarily by the elaboration within the intestinal lu-
men of both toxin A and B. These toxins bind to the co-
lonic mucosa inducing mucosal damage and inflamma-
tion. Most toxigenic isolates produce both toxins. Toxin
A is a 308-kDa protein that is a neutrophil chemoat-
tractant, cytotoxic to certain cell lines, and activates
macrophages and mast cells. Cellular damage is in-
duced by desegregation of actin and by the release of
intracellular calcium [10]. Damage to the neuroenteric
system has been reported.

Toxin B is a 270-kDa protein that causes depolymer-
ization of filamentous actin. It is also a necrotizing en-
terotoxin 10 times more potent than toxin A in causing
damage to the colonic mucosa in cell culture lines [11].
The diarrhea is caused by the toxins in the intestinal lu-
men adhering to the mucosal surface and inducing a se-
vere inflammatory response that causes disruption of
cell integrity and fluid flux into the lumen.

Newborns present a high colonization rate with C.
difficile, up to 70% in the first 8 months but with a min-
imal rate of pseudomembranous colitis. Healthy adults
show a prevalence of 2–3%, and when there is a recent
history of antibiotic use the presence of C. difficile in-
creases to 15–30% [11].

17.4
Epidemiology

Clostridium difficile is a sporulating organism that
survives well in nature. Like most of the clostridia spe-
cies their distribution in the environment is wide.
Evaluation of epidemics includes case surveillance,
stool cultures to identify carriers, typing of strains
and cultures of environmental sources. These epide-
miological tools have shown that C. difficile is the
most common cause of nosocomial diarrhea. Most
cases occur in hospitals, nursing homes and chronic
care facilities, where cases have been reported occur-
ring sporadically as well as in outbreaks. On the other

hand, community acquired diarrhea caused by C. dif-
ficile is less common.

Clostridium difficile has been isolated from environ-
mental samples in bed pans, toilets and floors of these
facilities. Asymptomatic carriage of C. difficile has been
reported in up to 30% of patients treated with antibiot-
ics [12]. Transmission of C. difficile often occurs via the
hands of hospital personnel and also by contact with
contaminated surfaces and fomites [13, 14]. The fre-
quency and incidence of C. difficile associated (CDAD)
diarrhea varies widely not only geographically but
within different institutions in the same geographic ar-
ea. Risk factors for the development of C. difficile asso-
ciated diarrhea other than antibiotic use are: colonic,
gastric or pelvic surgery, spinal fracture, intestinal ob-
struction, colon carcinoma, leukemia, severe burns,
uremia, heavy metal poisoning, hemolytic-uremic syn-
drome, ischemic vascular disease, shigellosis, severe
infection, neonatal necrotizing enterocolitis, ischemic
colitis and Hirschprung’s disease [15]. Patients receiv-
ing postpyloric tube feeding have been noted to be at
increased risk of acquiring C. difficile when compared
to non-tube-fed patients [16].

Almost every antibiotic on the market has been im-
plicated in cases of antibiotic induced diarrhea. The
most common agents are ampicillin/amoxicillin, other
penicillin derivatives, cephalosporins and clindamycin;
and less frequently macrolides, fluoroquinolones and
aminoglycosides. Even the drugs of choice for treat-
ment of this condition, metronidazole and vancomy-
cin, have been implicated in some cases of CDAD. Tet-
racycline, chloramphenicol and sulfonamides are now
rarely implicated [17, 18]. Drugs with limited data to
support a relationship are urinary antiseptics, parental
aminoglycosides, parental vancomycin, antifungals,
antiparasitics and antimycobacterial agents.

Antibiotics are not the only agents associated with C.
difficile infection. Cases of patients developing C. diffi-
cile infection after chemotherapy have been reported
[19]. Most chemotherapeutic agents also have antimi-
crobial activity that can alter the gut flora and cause
overgrowth of C. difficile.

The National Nosocomial Infection Screening
(NNIS) shows an increase in CDAD among ICU pa-
tients in large hospitals (>500 beds) [20]. Not only the
frequency is increased but also the severity of the con-
dition. Reports from Quebec and Pittsburg demon-
strate increased mortality and more frequent colecto-
mies in patients with CDAD. Further analysis of multi-
ple strains revealed the presence of a variation of the
tcdC segment of the genome. This mutation increases
toxin production and the virulence of the strain.
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17.5
Diagnostic Tests
17.5.1
Endoscopy

Endoscopy is the most rapid way to establish the diag-
nosis, but because of its cost and invasiveness it is usu-
ally reserved for patients who are seriously ill or in pa-
tients in whom a non-invasive test has been negative.
Endoscopy is also helpful when other disease processes
are being considered in the differential diagnosis. Phy-
sicians should be aware of the possibility of bowel per-
foration and bleeding as complications of endoscopy.

Diagnosis can be confirmed when yellowish nodules
or the classic pseudomembranes are visualized. Le-
sions are more commonly found on the left colon, but a
minority of patients will present only with right colonic
lesions. Full colonoscopy should be performed espe-
cially if the left colon is unremarkable. Some patients
may present with mild colonic erythema or patchy in-
flammation. Biopsies should be performed in cases
with abnormal mucosa without the classic pseudo-
membranes to look for the microscopic changes sug-
gestive of pseudomembranous colitis and to rule out
other etiologies.

The histologic features of pseudomembranous coli-
tis are not pathognomonic and can be seen in patients
with ischemic colitis and other disorders.

17.5.2
Non-Invasive Tests

There is as yet no simple inexpensive, rapid, sensitive
and specific test for the diagnosis of CDAD [6]. Not all
laboratories provide the entire tests available on the
market. Most tests target the cytotoxins produced by
the pathogenic strains of C. difficile. The two most
common tests available are: the cell culture assay for cy-
totoxin B and the enzyme immunoassay test for toxins
A and B.

17.6
Cell Culture Assays

The cell culture assay is considered the gold standard
for diagnosis of CDAD. This assay detects toxin B by its
cytopathic effect in monolayer cell culture, usually in
HEp-2 cells. The specificity of this assay is verified by
neutralization of the cytopathic effect when antitoxin
to C. difficile or C. sordelli is added. The major draw-
back of this test is that most laboratories do not offer
tissue culture, results takes 24–48 h, and sensitivity
and specificity can be affected by handling, storage of
stool sample dilution and cell culture line used. On av-
erage this test is positive in more than 90% of patients

with pseudomembranous colitis. The result is usually
reported as detection of cytotoxin in the assay. Quanti-
fication of this response does not correlate with severi-
ty of disease.

17.7
Enzyme Immunoassays for Toxin A and B

Immunoassay is the most common and widely used test
for detection of C. difficile. It is rapidly performed and
relatively inexpensive. It provides good specificity
(95–100%) and sensitivity (63–89%) [20, 21]. On aver-
age the EIA test for toxin A or B failed to detect about
10% (5–33%) of cases of C. difficile when compared to
endoscopy or cell tissue culture assay. In cases of high
clinical suspicion and a negative EIA, performing a more
sensitive test like cell tissue culture assay or endoscopic
evaluation should be considered to confirm the diagno-
sis. Sensitivity is rarely improved by sending more than
one stool sample on the same day for EIA testing.

17.7.1
Other Available Tests

The latex agglutination test detects the presence of the
enzyme glutamate dehydrogenase produced by C. diffi-
cile. This lack of specificity comes from the expression
of this enzyme in non-toxigenic strains of C. difficile.

A test based on immunoblotting technique is com-
mercially available (C.diffCUBE). The test detects toxin
A with similar sensitivity and specificity to the EIA [22].

Culture of stool is rarely performed mostly because
30% of strains of C. difficile produce no toxin; it use is
limited to research purposes.

17.8
Diagnostic Imaging

Plain films are usually unremarkable and should be re-
served to rule out the late complications of this condi-
tion such as toxic megacolon and bowel perforation.
Barium studies provide little information and can
cause bowel perforation.

Computed tomography can demonstrate colonic
wall thickening, colonic inflammation and ascites, but
these findings can be seen in other infectious processes
and also with bowel ischemia. Up to 50% of patients
with CDAD have normal imaging studies. In one study
CT failed to detect which patients would benefit from
surgical therapy or medical therapy [23]. Nuclear med-
icine studies are only used on an experimental basis.
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17.9
Treatment

Initial therapy includes the discontinuation of the im-
plicated antibiotic, supportive measures and in some
cases therapy with antimicrobial agents. Large volume
diarrhea when present may be associated with fluid
and electrolytic imbalances that need to be corrected
with intravenous fluids and electrolyte replacement.
Some cases may need hyperalimentation secondary to
severe catabolism and the presence of protein losing
enteropathy. Avoidance of antiperistaltics and opiates
is encouraged to prevent prolonged mucosal exposure
to toxins [24]. Selection of antibiotic used should be
based on the severity of the condition. A clinical severi-
ty score was developed to help classify patients in two
categories. The clinical severity score gives one point
for each of the following: underlying immunosuppres-
sion/chronic medical condition, altered or depressed
mental status, abdominal pain or distention, WBC
>20,000 or <1,500 or bandemia >10%. Hypoalbumi-
nemia, ascites or Pneumatosis coli A score >4 is consid-
ered severe [25, 35].

17.9.1
Antimicrobials

Antimicrobials are used frequently to treat pseudo-
membranous colitis. The most commonly used are
metronidazole and vancomycin. Less frequently used
are teicoplanin and bacitracin. Failure to respond to
conservative treatment and a diagnostic test positive
for C. difficile are indications for antibiotic therapy. In
patients with severe symptoms empiric therapy may be
started while waiting for the results of the diagnostic
test.

Initial oral therapy includes vancomycin 250–500 mg
four times a day or metronidazole 500 mg tid. Some ad-
vocate a combination of IV metronidazole with PO
vancomycin in severe symptoms for 14–21 days fol-
lowed by a slow taper of vancomycin [26, 32].

If not able to tolerate oral therapy, metronidazole
500 mg IV four times a day or vancomycin 500 mg in
100 ml normal saline via enema every 6 h are alterna-
tives. Resistance or relapse is seen more frequently in
metronidazole especially in the last 5 years [27, 36]. Ad-
justment in the therapeutic regimen will be necessary if
this trend continues.

17.9.2
Non-Antibiotic Alternatives

Alternative ways of treating CDAD have been tried with
some success. Probiotics have been tried with conflict-
ing results. Saccharomyces boulardii was tried in com-
bination with vancomycin for the prevention of recur-

rence; there was a decreased incidence of relapse in pa-
tients with more than two episodes but no benefit in
patients with the initial episode [28]. Other probiotics
used include Lactobacillus, non-toxigenic C. difficile,
and E. coli [29, 30]. A recent review of probiotics in the
treatment of CDAD showed efficacy only with S. bou-
lardii. Limited data from Lactobacillus and commer-
cially available bacterial combinations precluded a
more definitive conclusion [31]. More radical ap-
proaches like fecal “transplant” from a donor in an at-
tempt to repopulate the bowel with non-toxigenic flora
have been attempted in limited circumstances [31]. Fe-
cal instillation of yogurt with active cultures has been
tried in the past.

Indication for surgery includes progressive severity
of the colitis despite medical therapy.

Future alternatives include IVIG (normal immune
globulin) and hyperimmune globulin (obtained from
plasmapheresis of vaccinated donors). Monoclonal an-
tibodies against CDA1 and CDB1 are undergoing clini-
cal trials. Use of corticosteroids outside of a clinical
trial is discouraged at this time.

New agents undergoing clinical trials include a vac-
cine (Acambis), a resin (Tolevamer) and multiple anti-
biotics (rifalaxil, ramoplanin, tinidazole, nitazoxanide,
rifaximin). Preliminary reports show efficacy of
64–100%. Some of the data available on some of these
agents are based on the Hamster model for colitis.

17.9.3
Treatment of Recurrence

Treatment of recurrence is a challenge because probably
there is a defective immune response. There is no evi-
dence that relates this phenomena to resistance to met-
ronidazole or vancomycin. The probability of recurrence
after a second episode is 65%. Treatment of first relapse
will be retreatment with metronidazole or PO vancomy-
cin for 10–14 days. For second relapse vancomycin
should be used for 6 weeks on a slow taper: week one 125
qid, week two 125 mg bid, week three 125 mg daily, week
four 125 mg qod, weeks five–six 125 mg q3d [32].

Other alternatives include a combination of vanco-
mycin with rifampin or cholestyramine. In the pediat-
ric population passive immunotherapy with IVIG has
been successful.

17.9.4
Prevention of C. difficile Diarrhea

Exposure to antibiotics, hospitalization and enteral fee-
dings are some of the risk factors for acquisition of this
condition. Therefore judicious use of antibiotics has
been shown to decrease the incidence of CDAD. One
study restricting the use of clindamycin demonstrated a
decreased incidence of antibiotic induced diarrhea [32].
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Hospitalized patients are at risk of acquiring the in-
fection nosocomially. Strict hand washing, use of
gloves while manipulating patients and disinfection of
objects infected with C. difficile with sodium hypochlo-
rite, glutaraldehyde or ethylene oxide are effective mea-
sures to control the spread of the organism. Patients
with colitis should be placed in rooms with private
bathrooms at least during the diarrhea phase. Enteric
isolation should be discontinued once the diarrhea re-
solves. Eradication of the carrier state is difficult; nei-
ther vancomycin nor metronidazole is reliably effective
in eradicating the C. difficile carrier state.

Vaccination provides a rise in serum levels of IgG
antitoxin A and this correlates with immunity [33].
(Targets for vaccination should include patients with
recurrent CDAD and prevention of high risk patients.
Passive immunization using hyperimmune globulin
(HuMabs) can be used on recurrent CDAD patients in
patients with fulminant or refractory disease and as
prophylaxis in high risk hospital patients.)

The most important measure is education of the
medical and nursing staff about the epidemiology and
pathophysiology of this condition. The importance of
hand washing between contacts with patients, the use
of gloves when caring for a patient with CDAD and the
judicious use of antimicrobials are simple measures
that will decrease the incidence of this infection [34].
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18Fundamentals of Infection Control
and Strategies for the Intensive Care Unit
C.E. Edmiston, Jr, P.J. Wilson, B.F. Grahn

18.1
Introduction

The mission of a hospital infection control program is
to ensure continuous improvement in the delivery of
patient care. This is done through a structured surveil-
lance, which reviews, analyzes, and reports healthcare-
associated infection (HAI) rates. It is the overall intent
of the program to identify and reduce the risk of acquir-
ing and transmitting infections among patients, staff,
physicians, other healthcare professionals and visitors
to the institution. There are in essence three specific
goals of a hospital infection control program. The first
goal involves the protection of the patient, which is ac-
complished through ensuring that a low risk exists for
the acquisition of a HAI. This has become a daunting
exercise in the presence of a high-risk patient popula-
tion coupled with an environment that fosters the de-
velopment of widespread antibiotic resistance. Howev-
er, there is substantial published data demonstrating
that an effective infection control program results in a
reduced infection rate, increased case-specific patient
survival, fewer complications and a reduction in hospi-
talized days [1]. Within the ICU environment there are
numerous examples of opportunities where infection
control interventional practices may occur. For in-
stance, ICU patients are at high risk for acquiring a
healthcare-associated urinary tract infection, ventila-
tor-associated pneumonia (VAP), or catheter related-
bloodstream infection (CR-BSI) and infection control
activities, which focus upon reducing the risk of these
infections, have been shown to decrease morbidity and
improve patient outcome.

The second goal of an infection control program is
to prevent the spread of infection from patients to
healthcare workers and other individuals within the
hospital environment. Many of the strategies that are
used to accomplish this goal require an expertise that is
above and beyond those needed for routine surveil-
lance. By tradition, institutional based infection con-
trol programs have a broad scope of practice that en-
compasses a broad interdisciplinary framework (Ta-
ble 18.1).

Table 18.1. Interdisciplinary responsibilities of the infection
control team within the hospital environment

Scope of practice of the infection control program
) Data analysis – epidemiology and statistics
) Microbiology – clinical laboratory
) Infectious disease – surveillance
) Occupational health – policies
) Central supply – disinfection, sterilization and processing
) Administration – management and communication
) Patient care – policies and procedures
) Staff development – in-services

The infection control practitioner must be able to com-
municate effectively with a wide range of healthcare
professions. Often this involves documenting the need
for patient isolation or identifying the reasons for the
use of personal protective equipment. In addition, the
infection control department must work in close coop-
eration with employee health services when infectious
exposures become an issue. Finally, employee educa-
tion from top to bottom is an important function of
each infection control team member and knowledge of
effective teaching strategies is extremely helpful in car-
rying out this task.

Finally, in our current managed care environment,
infection control teams represent a significant financial
investment to the institution. The financial commit-
ment associated with developing a highly trained and
professional group of infection control practitioners is
offset by the ability of that team to reduce the risk of
HAIs within the healthcare setting. Approximately 2
million healthcare-associated infections occur each
year in the United States. These infections are responsi-
ble for significant morbidity, mortality and cost. The
estimated increased length of stay (LOS) associated
with a healthcare-associated pneumonia is between 6
and 30 days, while the LOS associated with a CR-BSI is
from 7 to 21 days. This translates into a significant
monetary burden to the institution, since the cost of
managing a healthcare-associated pneumonia is in the
range of US $10,000–50,000 and treating a CR-BSI may
cost as much as $50,000. This does not even begin to ad-
dress the associated mortality, which is between 23%
and 50% for CR-BSI and pneumonia [2–4]. Therefore,
an effectively managed infection control program can

Chapter 18



have a positive socioeconomic impact within the insti-
tution. This is especially true in the critical care envi-
ronment, where the myriad of patient risk factors can
contribute to high morbidity with associated adverse
clinical outcomes.

18.2
Measuring the Impact

Recently, new, innovative technologies have emerged,
which claim to reduce the risk of infection within the
critical care arena. It goes without saying that most of
these technologies are more expensive than standard
devices or practices. However, while cost may be an im-
portant factor in the current healthcare environment, it
is important to determine what if any benefits may be
derived by new technologies and will they have a mea-
surable impact on reducing HAI rates within selected
units or patient populations. An example of this pro-
cess involves the use of antiseptic or antibiotic bonded
catheters for central venous access. As discussed earlier
healthcare-associated bloodstream infections, espe-
cially in the critically ill, are associated with increased
LOS, higher risk of mortality and increased hospital
costs. The attributed mortality associated with central
lines has been reported to be 25%, with an additional
LOS of 6.5 days in the SICU and an average cost of
$28,690 per survivor [5]. A hypothetical comparison in
shown in Table 18.2 investigating the infection control
and cost effectiveness of two antiseptic/antibiotic
bonded catheters versus a conventional central venous
catheter (CVC).

It would appear that catheter B is superior to cathe-
ter A in preventing catheter-related bloodstream infec-
tions compared to a convention CVC. However, it
should be noted that true efficacy is only apparent
when sufficient statistical power is present in the study
design. It is unlikely that a catheter study with less than
300 devices divided between three arms will provide
that level of statistical power needed to validate clinical
superiority. However, from a simple examination of the
data in Table 18.1, use of catheter A reduced the num-
ber of CR-BSI by a factor of 2.6, while catheter B re-
duced the number of CR-BSI by a factor of 8. If the actu-

Table 18.2. Comparison of colonization and catheter related-
bloodstream (CR-BSI) infections between conventional CVC
and antiseptic/antibiotic coated catheters (A and B) in the SICU

Device (CVC) N Coloni-
zation

CR-BSI
rate

Cost

Conventional devicea 94 32% 8% $25
Coated Catheter A 101 23% 3% $45
Coated Catheter B 90 8% 1% $75

a Silastic Hickman catheter

al cost of treating a CR-BSI in the SICU is $28,690, then
approximately $128,245 or $212,935 savings could in
theory be realized by adopting catheters A or B com-
pared to the conventional silastic device. It is likely that
these types of comparisons will occur with greater fre-
quency as newer innovative technologies impinge upon
the critical care environment. The infection control
team can and should play a central role in the develop-
ment of protocols and guidelines for the evaluation of
devices or technologies that as suggested reduce the
HAI rate. In addition, we should recognize that the
maximal benefit derived from the adoption of such in-
novative technology into our clinical practice is depen-
dent entirely upon which patient populations are stud-
ied. In the case of antibiotic/antiseptic coated/bonded
catheters, one approach that may be deemed most cost
effective is to restrict the use of such devices to patients
who are within the highest risk category for catheter-
related bloodstream infections, ICU and immunosup-
pressed patients [6–8].

18.3
Responsibilities of the Infection Control
Professional

An effective infection control program represents an
interdisciplinary endeavor (Table 18.1) encompassing
the fields of epidemiology, medicine, microbiology, pa-
thology, nursing, and administration [9–11]. The
amount of time that the infection control team spends
in routine infection surveillance, prevention and con-
trol activities relates to:

) Needs of the patient population
) Risk factors of the patient population
) Complexity of the service or unit
) Adherence requirement of federal, state and local

laws and regulations governing the infection
control program
) Educational needs of the staff

The team is required to collect, review and analyze sur-
veillance data and to identify current trends of HAIs. In
addition, the infection control program should be
viewed as an agent of change through the active partici-
pation of team members on appropriate institutional
committees. This participation should result in:

) Development, review and revision of isolation
guidelines as per accepted standard practice and to
enforce all policies and procedures relating to
isolation guidelines
) Active collaboration and consultation with all

disciplines and departments to promote infection
control principles into effective policies and proce-
dures
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) The development of mechanisms for evaluating the
impact of new technologies and procedures as they
relate to infection control (see previous section)
) The ability to utilize hospital administration as a

resource for implementing infection control polices
and procedures

The infection control personnel must be knowledge-
able of the published literature on the epidemiology
and pathogenesis of HAIs, incorporating this informa-
tional base into their current practice.

18.4
Infection Control Surveillance Criteria

The purpose of infection control surveillance whether
global or unit specific is to develop and maintain a da-
tabase of the institutional HAI experience. Pragmati-
cally, surveillance attempts to define the endemic rate
of infectious events within the institution. This is a dy-
namic process, which is in a constant state of flux, in
part due to changes in patient care services, which
may be impacted by new technology or changes in
personnel. Surveillance will also monitor changes that
occur above the endemic level. Often these changes
are compared to some benchmark such as the HAI
rates developed by the National Nosocomial Infection
Surveillance (NNIS) program administered by the
Centers for Disease control and Prevention (CDC) in
Atlanta [12]. A significant component of the infection
control surveillance program is the feedback or dia-
logue which occurs between the infection control staff
and the healthcare provider. This is generally ak-
knowledged as the interventional component, where-
as the infection control personnel reviews with the
clinical staff risk factors associated with care of the pa-
tient, while suggesting appropriate strategies that at-
tempt to reduce the overall risk of infection. The mea-
sure of a successful and effective surveillance program
is whether or not implementation of focused preven-
tion and control policies results in decreasing future
HAI risks.

18.5
Surveillance Strategies in the Hospital
Environment

Numerous surveillance techniques have been proposed
for monitoring the rates of infection within hospital
and critical care environments.

) Hospital-wide or global surveillance
) Targeted or focused surveillance
) Periodic or intermittent surveillance
) Prevalence surveillance

Adoption of one or more of these techniques is depen-
dent upon the goals and priorities of the institution. In
addition, the type of surveillance performed will also
be dependent upon the level of institutional resources
including both monetary and personnel. The advan-
tages and disadvantages of the three surveillance strat-
egies are listed below:

18.5.1
Hospital-wide Surveillance

) Advantages:
– Provide infection data from all sites within the

institution
– Establishes baseline data and identifies out-

breaks early
– Clearly identifies patterns
) Disadvantages:

– Expensive, time consuming and labor intensive
– Generates large amount of data often with little

clinical significance
– Reduces staff time for other important activities

18.5.2
Targeted Surveillance

) Advantages:
– Highly flexible and mobile
– Can focus on patients with highest risk
– May include all hospital sites if surveillance is

rotated
) Less labor intensive than hospital-wide surveillance
) Disadvantages:

– Less opportunity for defining hospital-wide
baseline rates

– May miss initial outbreaks or clusters outside
surveillance areas

18.5.3
Periodic Surveillance

) Advantages:
– Flexible for staff, increasing opportunities for

other activities
– Allows staff to define long-term goals and

objectives
) Disadvantages:

– Possibility that infection clusters may be missed
– Little or no consistent baseline data

18.5.4
Prevalence

) Advantages:
– Documents trends in HAIs
– Used to identify risk factors
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– Rapid and with relative low cost
– Data may be used to target future areas of

surveillance
) Disadvantages:

– Unable to compare prevalence rates with inci-
dence rates

– Outbreaks or clusters may be missed
– Provides information for a limited time interval

Few institutions have the available resources to provide
complete hospital-wide or global surveillance. Therefore,
targeted or focused surveillance has become common-
place in our healthcare institutions. At our institution we
use a combination of site-specific and unit-specific sur-
veillance to monitor HAI rates. Site-specific monitoring
focuses on specific sites of infections such as respiratory
tract, urinary tract, bloodstream or surgical site infec-
tions. In-hospital as well as selected postdischarge sur-
veillance of surgical site infections are monitored in this
manner. Unit-specific surveillance is designated for high-
risk patient areas such as the ICUs and other units includ-
ing the hematology-oncology services or the bone mar-
row transplant service. Studies have demonstrated that
high-risk patient populations have the highest HAI rates
often with significant morbidity and mortality. There-
fore, it would be perceived as prudent to focus surveil-
lance efforts on this high-risk patient population. Period-
ic surveillance is less time consuming than either hospi-
tal-wide or targeted; however, failure to miss sentinel
clusters is a common fault of this surveillance strategy.
Often this surveillance strategy may be combined with
targeted surveillance so that the opportunity for missing
a cluster is greatly reduced. Finally, prevalence surveil-
lance is used to define the number of active infections
within a specific time period. In this method of surveil-
lance all new and existing infections are tabulated, which
results in a rate (prevalence) that is higher than the true
incidence rate. However, this strategy may be useful for
studying specific risk factors, device-associated infec-
tions or the prevalence of selected antibiotic resistant
pathogens within a defined patient population [9].

Frequently, several different strategies may be used
within a single institution depending upon its particu-
lar goals or needs. In the end, however, the limiting fac-
tor most often is time and personnel commitments to
other endeavors of the infection control program.

18.6
Data Collection, Analysis and Reporting

The process of data collection must be epidemiologi-
cally sound and driven by definable events such as CR-
BSI or other device-related infections. The actual data
source documents are often numerous and highly vari-
able within a given institution (Table 18.3).

Table 18.3. Source documents for identifying healthcare-asso-
ciated infections during infection control surveillance

Source documentation
Patient Laboratory Administration

Physical examination Microbiology Admissions
Medical record Serology Risk assessment
Nursing Kardex Pathology Outpatient clinics
Clinical rounds Antibiogram data Employee health
Medication record
Radiology report
Operative report

It is interesting to note that total chart review, Kardex
screens and review of cultural results is associated with
the highest level of sensitivity for detecting HAI [13,
14]. With the present widespread (inappropriate) use of
antibiotics, it should come as no surprise that review of
antibiotic use patterns is associated with documented
infection less than 60% of the time. This is also true for
fever, which as a single sentinel indicator of infection is
relatively poor. In the case of surgical wound surveil-
lance direct observation of the wound by a trained
practitioner is the most accurate means of detecting a
surgical site infection. Reliance upon a single source
document to detect a healthcare-associated infection
may often lead to underestimating the true incidence of
infection. No single surveillance strategy will detect
100% of HAIs; however, in the case of ICU surveillance
a focus review of positive blood cultures would likely
detect most catheter-related bloodstream infections.
The development of an effective surveillance program
requires experience and knowledgeable infection con-
trol practitioners who recognize that in the case of sur-
gical wound infections, direct observation is preferable
to reviewing culture reports. Therefore, the most effec-
tive strategy for detecting HAIs will usually involve sift-
ing through a combination of resources within the
healthcare institution.

18.7
Comparison of Institutional Rates to National
Benchmarks

In 1970, the National Nosocomial Infection Surveil-
lance (NNIS) system was established and presently al-
most 300 hospitals contribute surveillance data for ag-
gregation into a national database [12]. Data is collect-
ed using standardized protocols and encompasses Cen-
ters of Disease and Prevention (CDC) definitions that
include both laboratory and clinical based criteria. For
over 25 years the NNIS program included hospital-
wide surveillance but has recently eliminated that com-
ponent from its program. The current focus is on high-
risk patient populations that include adult and pediat-
ric ICU, high-risk nursery (HRN) and surgical site in-
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fections (SSIs). Data is collected from all sites of infec-
tion in the ICUs and HRN with an emphasis on device-
related infections. A fourth component of the NNIS
surveillance program is the reporting of the most com-
mon pathogens associated with bloodstream, pneumo-
nia, and urinary tract infection in the ICU. A subset of
hospitals from the NNIS system participate in a parallel
program, called the Intensive Care Antimicrobial Re-
sistance Epidemiology (ICARE) Project, which assesses
antimicrobial usage and emerging patterns of resis-
tance within the healthcare environment. While this
program initially focused on the patterns of antimicro-
bial resistance with the critical care population, recent
evaluations have also examined the emergence of anti-
microbial resistance in the non-intensive care and out-
patient/emergent care patient populations [15].

18.8
Strategies for the Prevention and Surveillance
of Healthcare-Associated Infections
in the Intensive Care Unit
18.8.1
Catheter-Related Bloodstream Infections

Catheter-related bloodstream infections (CRBSIs) have
a significant impact on patient morbidity and mortali-
ty in the healthcare environment. The attributable
mortality associated with a central venous access de-
vice can range from 10% to 15% [16, 17]. Table 18.4
identifies the most common microbial pathogens iso-
lated from hospital-acquired bloodstream infections
[17].

The coagulase-negative staphylococci are the most
common pathogens isolated from ICU bloodstream in-
fections. This finding is consistent with previous stud-
ies that have found the coagulase-negative staphylococ-
ci to be the most common pathogen in device-associat-
ed infections. Staphylococcus aureus and the enterococ-
ci are the second most common bloodstream patho-
gens reported in the ICU. The enterococci have vaulted

Table 18.4. Eight most common pathogens isolated from hospi-
tal-acquired bloodstream infections [18]

Pathogen 1986–
1989 (%)

1992–
1999 (%)

CNSa 27 37
Staphylococcus aureus 16 13
Enterococcus spp. 8 13
Gram-negative rods 19 14

E. coli 6 2
Enterobacter spp. 5 5
Pseudomonas aeruginosa 4 4
Klebsiella pneumoniae 4 3

Candida spp. 8 8

a CNS, coagulase-negative staphylococci

from being an insignificant pathogen less than 20 years
ago to their current position with many of these strains
expressing multidrug resistance, including vancomycin
resistance. Candida albicans was an organism that less
than 15 years ago rarely was associated with infection
in the critical care environment and now occupies the
fourth position in frequency. Finally, several Gram-
negative rods, including Enterobacter spp., Klebsiella
pneumoniae, and E. coli, are shown as rounding out the
top eight positions.

Table 18.5 reports the central line-associated blood-
stream infection (BSI) rate for selected ICUs as tabulat-
ed by the National Nosocomial Infection Surveillance
(NNIS) system [18]. The rate of catheter-related blood-
stream infection ranges from a low of 2.9 per 1,000
catheter days in a cardiothoracic service to 9.7 in burn
units. The variation in these rates is in part a reflection
of the intrinsic risk factors that are present in this pa-
tient population. However, failure to adhere to basic
principles of maximal barrier precautions at the time of
line insertion and poor catheter management is also in
part responsible for some CR-BSI seen in the ICU.
While the pathogenesis of CR-BSI has been character-
ized as multifactorial, the two major mechanisms re-
sponsible for line infection involve migration of micro-
organisms at the site of insertion into the cutaneous
tract, resulting in extraluminal colonization and con-
tamination of catheter hub, which causes intraluminal
colonization [6, 18, 19].

Surveillance and treatment strategies for catheter-
related infection are dependent upon the clinical pre-
sentation. A localized infection involving a port or tun-
nel infection requires catheter removal, while infection
localized to the exit site can usually be managed with
local measures such as warm moist compresses, in-
creasing the frequency of site care and in some cases
oral antibiotics. The general treatment strategies for
catheter-related infections can be characterized as fol-
lows [6, 18]:

Table 18.5. Central line-associated BSI rate for selected medical
and surgical services reported to the National Nosocomial In-
fection Surveillance System, January 1992–June 2001 [18]

Type of ICU Number of units Central line-asso-
ciated BSI ratea

Coronary 102 4.5
Cardiothoracic 64 2.9
Medical 135 5.9
Medical/surgical

Major teaching 123 5.3
All others 180 3.8

Neurosurgical 47 4.7
Surgical 153 5.3
Trauma 25 7.9
Burn 18 9.7
Respiratory

a Pool mean/1,000 catheter-days
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) Exit site infections:
Presents with symptoms of erythema, tenderness
or purulence within 2 cm of site. Treatment is local
with warm compresses, daily site care and oral
antibiotics.
) Tunnel infections:

Characterized by erythema, tenderness or puru-
lence >2 cm from the site. This will require cathe-
ter removal.
) Pocket (implantable port) infections:

Will present with erythema and necrosis over the
port reservoir or purulent exudate in subcutaneous
pocket. This requires port removal and antibiotic
therapy.
) Catheter related-bloodstream infections (CR-BSI):

Requires semiquantitative/quantitative culture
with a five- to tenfold difference between central
and peripheral cultures, with no other sign of in-
fection elsewhere and associated with deferves-
cence upon catheter removal. CNS – can be man-
aged with in situ treatment (antibiotic lock) and
systemic antibiotic. Infection due to yeast, S. aure-
us or polymicrobial recurrent infection – requires
catheter removal.

Treatment of a CR-BSI is more complex than manage-
ment of a localized infectious process. The fundamen-
tal question with CR-BSI is: does the line have to be re-
moved? In situations where long-term access is re-
quired, successful treatment without removal has been
reported in the literature. Removal of an infected cathe-
ter is warranted when there is a documented fungal in-
fection, persistent bacteremia following antibiotic
therapy, polymicrobial infection or infection with a
highly virulent pathogen such as Staphylococcus aureus
[6, 18–22]. Staphylococcal infections involving Staphy-
lococcus epidermidis can often be managed with an an-
tibiotic lock that utilizes a high intraluminal dose of an-
tibiotic, which remains within the lumen of the catheter
for period of up to several hours [6, 18–20].

The cornerstone of preventing CR-BSI is grounded
in the basic principles of infection control, judicious
handwashing and aseptic technique. Rigorous atten-
tion to aseptic principles such as maximal barrier pre-
cautions upon insertion and dedicated personnel to
provide line care has repeatedly been shown to result in
decreased infection. While newer technological devel-
opments in the area of wound care and the use of anti-
septic/antibiotic impregnated devices has been sug-
gested to reduce the risk of CR-BSI, there is no substitu-
tion for meticulous catheter care [6, 8, 17, 18].

To minimize the risk of contamination, all line inser-
tions must be performed under rigorous maximal bar-
rier precautions. This includes using sterile drapes
(large), gowns, masks and gloves. Several prospective
studies have demonstrated that a significant reduction

in catheter colonization and bacteremia can be
achieved using a rigorous aseptic protocol. While sev-
eral surface antiseptics have been used to reduce skin
contamination at the insertion site, cleansing with
chlorhexidine has been shown to be superior to ele-
mental iodine or an iodophor [6, 18, 21, 22]. A recent
study using a 2% chlorhexidine gluconate (CHG) w/v
and 70% isopropyl alcohol (IPA) skin-prepping agent
demonstrate superior efficacy when compared against
povidone iodine [23].Two points are worth consider-
ing: first chlorhexidine exhibits an excellent residual
activity compared to other compounds and this agent is
not neutralized by blood, serum or blood proteins [24].

Historically, routine guideline wire exchanges were
proposed as a means to reduce the CR-BSI. However,
present recommendations do not support this practice
since intraluminal colonization of the previous line
may serve as a source of contamination for the new line
via guidewire insertion [18]. In general, central lines
should only be removed when clinically expedient,
while peripheral lines may be replaced at a 72-h inter-
val [6, 18]. Routine skin asepsis and appropriate site
care have been shown to be efficacious in limiting mi-
crobial growth and colonization of the catheter. At pre-
sent, either gauze or transparent dressings appear to be
equally effective when used appropriately [25]. It has
been shown that creating a subcutaneous tract and tun-
neling the catheter is associated with a significant de-
crease in catheter-related infections [6, 18].

However, it should be pointed out that use of a dedi-
cated IV team for care and maintenance of lines has
been shown to reduce infection rates in intravascular
devices [26, 27].

The consensus is now clear that the hub is an impor-
tant portal for intraluminal colonization of the cathe-
ter. Catheter hub care mandates the use of aseptic tech-
nique during tubing changes and other manipulations.
The hub should be cleansed with an antiseptic agent
such as 70% isopropyl alcohol or 10% povidone-iodine
solution before accessing the system [6]. Mechanical
cleansing action alone has been found to be effective in
removing most pathogens. Needleless systems have
been introduced to reduce the risk of sharp injuries to
healthcare workers. Because of a concern of infection
with some of the needleless devices it has been recom-
mended that additional education efforts are required
that focus upon the effective maintenance of these new,
innovative and at times complex devices [28, 29].

Identification of the type of catheter-related infec-
tion in a standardized manner is one key to improving
patient outcomes. An understanding of the etiology
and pathogenesis is also important as a basis for devel-
oping prevention and treatment guidelines. Over the
past 20 years it has become evident that both the exit
site and the hub can be implicated in the etiology of CR-
BSI. In addition, while many innovative technologies
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are currently available for the prevention of infection,
there is no substitution for aseptic technique and me-
ticulous adherence to catheter care protocols.

18.8.2
Healthcare-Associated Pneumonia

Table 18.6 identifies the most common microbial path-
ogens associated with hospital-acquired (HAP) and
ventilator-associated pneumonia (VAP) from a large
US database of culture positive pneumonia [30].
Patients receiving mechanically assisted ventilation
constitute the population at highest risk for infection
[31].

Two organisms, Staphylococcus aureus (MSSA and
MRSA) and Pseudomonas aeruginosa, stand out as the
number 1 and number 2 most common pathogens as-
sociated with pneumonia in the hospital environment.
Klebsiella pneumoniae and Haemophilus species ranks
next in frequency followed by Enterobacter, E. coli, and
the highly drug resistant Acinetobacter species. It is im-
portant to note that many of these infections are due to
drug resistant bacteria, requiring the use of potent anti-
microbial agents, which add significantly to the cost of
managing these serious infections [32]. Diagnosis of
healthcare-associated bacterial pneumonia is problem-
atic and remains controversial, especially in the patient
on mechanically assisted ventilation. A joint guideline
developed by the American Thoracic Society (ATS) and
Infectious Disease Society of America (IDSA) has rec-
ommended that the diagnosis of pneumonia be based
on clinical samples of lower respiratory tract secretions
obtained using directed methodology and not solely on
clinical presentation [33]:

) Bronchoscopically acquired protective specimen
brush (PSB) with quantitative culture
) Bronchoalveolar lavage (BAL)
) Protected BAL (pBAL)

Table 18.6. Most common bacterial pathogens isolated from
culture positive cases of healthcare-associated pneumonia,
January 2002–December 31, 2003 [30]

Pathogen Frequency (%)
Hospital-
acquired

Ventilator-
associated

S .aureus (MSSA) 26.2 28.5
S. aureus (MRSA) 22.9 14.6
S. pneumoniae 3.1 5.8
Other Gram-positive 8.1 8.6
Haemophilus spp. 5.6 12.2
Enterobacter spp. 4.3 5.6
Ps. aeruginosa 18.4 21.2
K. pneumoniae 7.1 8.4
E. coli 4.7 6.4
Acinetobacter spp. 2.0 3.0
Other Gram-negative 3.7 6.2

The sensitivity of these various procedures is re-
ported to vary from 70% to 100%, with a specificity of
60–100%. The PSB is widely accepted as a reference
method in diagnosing pnemonia in mechanically ven-
tilated patients. However, false positive findings have
been reported and may be related to prior antibiotic
therapy. Table 18.7 reports the VAP rate for selected
ICUs as tabulated by the National Nosocomial Infection
Surveillance (NNIS) system [34]. Patients receiving
continuous mechanical ventilation have a significantly
greater risk for developing healthcare-associated pneu-
monia than patients not receiving mechanical support.
The pathophysiology of ventilator-associated pneumo-
nia follows a rather predictable course beginning with
colonization of the airway and tracheal bronchitis, pa-
tients often presenting with acute respiratory distress
or sepsis [4, 35, 36]. The attributed mortality rate hov-
ers somewhere around 25% but a myriad of confound-
ing variables make an accurate assessment difficult.
However, mortality rates related to pneumonia have
been reported to be significantly greater among pa-
tients with MRSA infection [37]. In addition, numerous
risk factors have been identified that are independently
associated with VAP; these include presence of intra-
cranial pressure monitors, alteration of gastric pH,
changing ventilator circuitry every 24 h, aspiration,
reintubation, underlying COPD and use of ventilators
for greater than 72 h [35, 36]. One approach to reducing
the incidence of VAP has been directed at reducing the
potential microbial contamination originating from
the gastrointestinal tract. Two approaches involve the
use of selective gut decontamination, which reduces the
microbial burden in oropharyngeal and proximal GI
tract while the other strategy involves stress ulcer pro-
phylaxis using rimantadine.

It is unlikely that frequent, routine changes of venti-
lator circuitry will reduce the incidence of VAP. The
current policy at our institution is to change the circuit-
ry once a week unless the patient has an excessive pro-
duction of secretions. One should not underestimate
the role that hands play in cross-contamination as a
mechanism for transmission of healthcare-associated

Table 18.7. Ventilator-associated pneumonia rate from selected
medical/surgical units, January 1992–May 1999 [34]

Type of ICU Number of
units

Ventilator-associated
pneumonia ratea

Medical 121 8.2
Medical/surgical

Teaching 71 12.4
Nonteaching 138 10.3

Surgical 146 14.6
Trauma 21 16.9
Burn 17 19.9

a Number of ventilator-associated pneumonias/number of
ventilator days × 1,000
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pathogens. Cross-contamination has been well docu-
mented to occur during tracheal suctioning and ma-
nipulation of ventilator circuitry or endotracheal
tubes. Therefore, aseptic technique (handwashing) is
essential when caring for patients on ventilator sup-
port. In addition, it is important to note that devices as-
sociated with respiratory therapy or diagnostic exami-
nation need to be clean/sterilized/disinfected properly
since they may serve as a vehicle for dissemination of
healthcare-associated pathogens to at-risk patients. Fi-
nally, patient position has been proposed as a simple
means for reducing the rate of VAP. A semirecumbent
position (>45 degrees) is associated with a lower risk
for VAP compared to patients in a supine position [4].
The use of antimicrobial prophylaxis to prevent health-
care-associated pneumonia is highly questionable and
may lead to emergence of antimicrobial resistance.

18.8.3
Healthcare-Associated Urinary Tract Infections

Table 18.8 identifies the most common microbial path-
ogens isolated from urinary tract infections in the se-
lected medical/surgical units [34]. Healthcare-associat-
ed urinary tract infections are the most common hos-
pital acquired infection with the majority occurring
following instrumentation. Indwelling urethral cathe-
ters that drain into an open system are associated with
a higher rate of infection than closed systems.

While acute urinary tract infections may be per-
ceived as benign and often resolve with removal of the
catheter, a significant number of these patients receive
antibiotic therapy. The widespread use of antibiotic in
patients who may be colonized rather than truly infect-
ed contributes to antimicrobial pressure within the unit
increasing the risk of emergence of antibiotic resis-
tance, potential superinfection or the emergence of
yeast (Candida) infections. It is interesting to note that
Candida albicans is the number one uropathogen in
both medical and surgical ICUs. At present, there has
been a significant increase in the use of antifungal

Table 18.8. Eight most common pathogens isolated from uri-
nary tract infections in medical, surgical, trauma and burn
ICUs, January 1992–May 1999 [34]

Pathogen ICU (Percentage)
Medical Surgical Trauma Burn

CNSa 2.3 1.9 3.5 2.1
Staphylococcus aureus 1.8 1.3 1.7 2.6
Enterococus spp. 14.2 14.5 15.5 8.1
Candida albicans 20.8 16.3 10.8 8.4
Enterobacter spp. 4.1 6.2 6.5 6.7
Ps. aeruginosa 9.7 13.1 13.5 20.0
K. pneumoniae 6.3 6.1 4.5 4.7
E. coli 13.7 14.6 20.1 13.7

a CNS, coagulase-negative staphylococci

agents within these units. This practice has generated
considerable debate, since the criteria for antifungal
(Candida) therapy are often less than rigorous. Recov-
ery of Candida from the urine (in the ICU patient) does
not by itself suggest disseminated disease. While it is
possible to base antifungal treatment strategies on risk
factor stratification, ICU patients almost certainly ex-
press multiple risk factors in the absence of clinical dis-
ease. In addition, very few institutions perform routine
susceptibility testing of Candida isolates, and empiric
dosing is based upon “expert” opinion rather than in-
stitutional MIC data. Therefore, we are left with the
premise that often colonization alone is the sole criteri-
on for treatment and that current dosing guidelines
may or may not resolve true clinical infections. There is
no doubt that Candida has emerged as an important
pathogen in the ICU and in selected patients there is an
associated high morbidity and mortality. However, ap-
propriate treatment guidelines are lacking and the cur-
rent practice pattern seems to favor a “high-index of
suspicion” whenever the organism is recovered in cul-
ture from a non-sterile site.

Table 18.9 reports the urinary catheter-associated
UTI rate for selected ICUs as tabulated by the National
Nosocomial Infection Surveillance (NNIS) system [34].
While infection can occur by a variety of mechanisms,
intraluminal migration can be reduced through the use
of a closed urinary drainage system. The use of surveil-
lance cultures in catheterized patients is viewed by
some practitioners as an effective strategy for the early
diagnoses of urinary tract infection; however, this poli-
cy has contributed to the widespread abuse of antibiot-
ics in the ICU. As a biomaterial, urinary catheters be-
come rapidly colonized in asymptomatic patients and
surveillance cultures should never be used as the sole
criterion for therapy. It is not unusual within the ICU to
see up to the third of patients whose length of stay is
greater than 5 days become colonized with yeast (Can-
dida). Several new urinary catheters have appeared on
the market, which tout antibiotic/antiseptic coatings
and suggest that use of these devices will reduce an in-

Table 18.9. Urinary catheter-associated UTI rate for medical,
combined medical/surgical, surgical, trauma, and burn ICUs,
January 1992–May 1999 [34]

Type of ICU Number of
units

Urinary catheter-
associated UTI ratea

Medical 124 7.6
Medical/surgical

Teaching 71 6.8
Nonteaching 140 4.5

Surgical 146 5.6
Trauma 21 7.7
Burn 17 10.1

a Number of urinary catheter-associated UTIs/number of uri-
nary catheter days × 1,000
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stitution’s HAI rate by making the device resistant to
bacterial colonization [38]. However, a recent study has
suggested that silver-impregnated Foley catheters were
not effective in preventing healthcare-associated uri-
nary tract infections [39]. While there is some room for
disagreement concerning the efficacy of these antisep-
tic devices, it is possible that these devices will have the
greatest impact on those patient populations which re-
quire long-term indwelling lines. However, further
studies are warranted before these devices completely
replace traditional Foley catheters.

Efforts to reduce the risk of healthcare-associated
UTIs in the ICU must consider the following recom-
mendations: (a) ongoing educational efforts are re-
quired to assure that personnel are competent in cathe-
ter insertion and care, (b) attention focuses on appro-
priate infection control practices that emphasize asep-
tic technique including hand washing, and (c) insure an
unobstructed urinary flow while maintaining closed
sterile drainage.

18.9
Isolation Guidelines – Rationale and Practice

Isolation procedures have been developed to prevent
the transmission of communicable and infectious dis-
eases to patients, healthcare workers and visitors. The
revised CDC “Isolation Precautions in Hospitals” rec-
ognizes a two tiered system of precautions, Standard
Precautions and Transmission-Based Precautions [40].
Standard precautions apply to all patients and repre-
sent a standard of care that is in compliance with basic
infection control practices. This standard applies to all
blood, body fluids, secretions, excretions, non-intact
skin surfaces and mucous membranes. Strict adher-
ence to Standard Precautions will effectively reduce the
transmission of microorganisms from both recognized
and unrecognized sources of infection. In addition to
the appropriate use of gloves, masks, eye/face shields,
gowns and handling of patient equipment, Standard
Precautions also address management/cleaning of the
patient-care environment and sharp injury protection
of healthcare professionals. Transmission-Based Pre-
cautions are implemented when a patient has a docu-
mented or is suspected of having being infected or col-
onized with a “highly transmissible or epidemiologi-
cally important pathogen.” Transmission-Based Pre-
cautions are always used in addition to Standard Pre-
cautions. The CDC has recommended three specific
categories of Transmission-Based Precautions: air-
borne, droplet and contact. In 1995, our institutional
Infection Control Committee implemented a fourth
category for vancomycin-resistant enterococci (VRE),
Special Isolation Precautions. Recently, in response to
concerns over SARS and other infectious agents that

Table 18.10. Isolation precautions and microbial criteria for
isolation

Precaution Category and microbiological criteria
Standard Formerly designated as Universal Precautions

Transmis-
sion-Based

a) Contact
Multidrug-resistant bacteria
Methicillin-resistant S. aureus (MRSA)
Cl. difficile
Infectious diarrhea
Herpes zoster (immunocompromised)a

Hemorrhagic viral infection
b)Airbornea (prevent dissemination of

particles e 5 µm)
Measles (rubeola)
Varicella (disseminated zoster)
Tuberculosis

c) Droplet (prevent dissemination of particles
>5 µm)
H. influenzae (pneumonia or meninigitis)
N. meningitidis (pneumonia or meninigitis)
Pertussis
Influenza
Rubella and mumps

d)Special isolation
Vancomycin-resistant enterococci (VRE)

a Requires that the patient be placed in a negative pressure
room

may be transmitted by a combination of contact and
airborne mechanisms, a new isolation category has
been proposed, Contact/Airborne Isolation Precau-
tions, which will likely be implemented in the near fu-
ture. Table 18.10 identifies the current Standard and
Transmission-Based Precaution categories.

18.10
Fundamental Principles of Isolation Precautions

Airborne Precautions (for known or suspected TB pa-
tients) requires patient placement in a negative pres-
sure room (private) and all doors must be kept closed
during the period of isolation. All healthcare profes-
sionals caring for known or a suspected TB patient
must wear an N95 respirator mask. If the patient is to be
transported within the hospital, he (she) must wear a
surgical mask when outside of the negative pressure
room. A patient may be removed from airborne isola-
tion under the following conditions: (a) receiving effec-
tive therapy (TB) for at least 2 weeks and is improving
clinically, (b) has had three consecutive negative spu-
tum smears collected on different days to rule out TB,
or (c) a negative BAL. Droplet Precautions requires that
the patient be placed in a private room or in cohort iso-
lation. All healthcare workers are required to wear a
surgical mask when working or coming within 0.9 m of
the patient. The patient must wear a surgical mask
when being transported within the hospital. Patients
must remain in Droplet Precaution isolation for dura-
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tion of illness (viral) or following 24 h of effective anti-
biotic therapy (bacterial).

Contact Precautions dictate that the patient be placed
in a private or cohort isolation. All personnel or visitors
must wear gloves when entering the room and remove
gloves upon leaving the patient’s room. Hands must be
washed with an antimicrobial soap immediately upon
removal of the gloves. Gowns are to be worn if it is antic-
ipated that your clothing will have substantial contact
with the patient, environmental surfaces, if the patient is
incontinent, has diarrhea, an ileostomy, colostomy or
excessive wound drainage. Gowns are removed before
leaving the patient’s environment. Efforts should be
made to insure that dedicated patient equipment
(blood-pressure cuffs, stethoscopes, etc.) not be shared
with other patients. If not disposable, these items must
be thoroughly cleaned and disinfected before used on
other patients. Contact precautions cannot be discontin-
ued unless a negative culture is obtained 48 h after stop-
ping antibiotics. Historically, patients with Clostridium
difficile diarrhea must be symptom free or have a nega-
tive stool toxin assay before discontinuation of contact
isolation. However, patients with Clostridium difficile
diarrhea often shed the organism into the environment
for several weeks after resolution of symptoms [41].
Therefore, we have implemented a policy within our in-
stitution that a negative toxin assay or resolution of
symptoms does not trigger discontinuation of isolation
status, but rather these patients remain in isolation until
discharged. Following discharge, the patient’s room un-
dergoes a thorough terminal cleaning, which includes
disposal of all patient items and privacy drapes in an ef-
fort to reduce the risk of disseminating of C. difficile
spores to other patient rooms or units.

Because of the significant increase in vancomycin
resistant enterococci (VRE) among high-risk patient
populations (listed below), our institution adopted
Special Isolation Precautions for VRE patients.

18.11.1
Patient Populations at Increased Risk for Acquiring
Vancomycin-Resistant Enterococci (VRE)

) Receiving prolonged antimicrobials and/or
vancomycin therapy
) Critically ill patients or those with severe under-

lying disease or immunosuppression
) ICU patients
) Oncology or transplant patients/wards
) Prolonged hospital stay
) Patients having intra-abdominal or cardiothoracic

surgical procedures
) Patients with intravascular devices

Special Precautions require private or cohort isolation,
dedicated patient equipment, all persons must wear

gloves and gowns, and patients are restricted to their
rooms and travel within the hospital only if absolutely
necessary. All flat surfaces within the patient’s environ-
ment must be thoroughly clean with a disinfectant
cloth at least once per shift. Strict handwashing is re-
quired with an antimicrobial agent before and after
leaving the patient’s room. When the patient is dis-
charged or leaves isolation the entire room is thorough-
ly clean with an effective disinfectant before another
patient enters the room. To discontinue isolation three
negative stool specimens are required (at least 1 week
apart) from stool, rectal or perirectal area and from any
other body site that was known to be colonized with
VRE. There is a significant potential for widespread en-
vironment contamination with VRE and therefore
strict enforcement of isolation policies is required to
reduce transmission within the institution.

Isolation precautions should be based upon current
epidemiologic information that identifies transmission
patterns of infectious agents within the hospital envi-
ronment. The current guidelines from the Centers from
Disease Control and Prevention (CDC) are intended to
recognize the importance of body fluids in the trans-
mission of HAIs, while addressing adequate precau-
tions for traditional routes of transmission (i.e., drop-
let, airborne and contact). Finally, isolation policies
should always be viewed as evolutionary in nature, sub-
ject to review and updated as further data is available
on the acquisition and transmission of infectious
agents within the hospital environment.

18.11
Antimicrobial Use Policies and the Infection
Control Practitioner

Within the critical care environment there has always
been an intimate relationship between antimicrobial
use policies and infection control practices. The tradi-
tional role of the infection control practitioners has
been to work closely with physicians, nurses and other
healthcare professional to facilitate control and preven-
tion of transmission of infectious agents among pa-
tient, to staff and visitors within the healthcare facility.
It is also appropriate for the infection control staff to
maintain a close, collaborative relationship with the
clinical pharmacist when tracking emerging patterns
of resistance within the critical care environment.
Within our institution members of the infection con-
trol team routinely participate in antimicrobial audits
in high-risk patient care areas. In 1999, the infection
control team was responsible for documenting a high
incidence of vancomycin-resistance enterococci (VRE)
among selected immunosuppressed patients on a sin-
gle unit. The various isolates were collected and geno-
typed using pulsed-field gel electrophoresis (PFGE),
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which documented that several of the strains were
identical, suggesting a complete breakdown in basic in-
fection control practices within the unit. In addition,
based upon an internal pharmacy audit, vancomycin
usage on this unit was the highest in the institution. An
alternative antibiotic use policy was presented to the at-
tending staff physicians, resulting in a dramatic reduc-
tion (80%) in vancomycin use among patients on this
unit. In addition, the infection control staff met with
nursing and environmental services to heighten aware-
ness of the problem and to review current policies and
procedures relating to patient care and housekeeping
practices. The impact of this comprehensive yet colle-
gial effort has resulted in a sharp reduction in both the
emergence of new cases and dissemination of existing
clones over the past 12 months.

Antimicrobial resistance is a global problem; unfor-
tunately the magnitude of the problem is not fully real-
ized as evidenced by the continuous pattern of antimi-
crobial use in both the ICU and non-ICU settings. The
ICU provides a daunting environment for those practi-
tioners interested in reducing inappropriate antibiotic
use. A previous study has documented that within the
hospital environment, the ICU is an epicenter for anti-
microbial resistance and that selected microbial popu-
lations recovered from the ICU express higher levels of
resistance than non-ICU strains [15]. This is often a dif-
ficult issue to assess and current attitudes regarding ap-
propriate antimicrobial use are steeped in ignorance,
apathy or both. In the spring of 1995, the Hospital In-
fection Control Practice Advisory Committee (HIC-
PAC) published in the Federal Register what amounted
to a national action plan for preventing the spread of
vancomycin resistance in the hospital environment.
The recommendations from this committee addressed
four separate areas: (1) education, (2) role of the hospi-
tal microbiology laboratory, (3) prevention and control
strategies, and (4) directives for prudent vancomycin
use [42]. This was in many ways a unique document
that in part reflected upon an agenda for future inter-
disciplinary strategies aimed at reducing the acquisi-
tion and dissemination of resistant pathogens within
the healthcare environment. These recommendations
have stimulated other professional societies such as the
Infectious Disease Society of American, Society for
Healthcare Epidemiology of America, Surgical Infec-
tion Society, American Society for Microbiology and
the Association for Professionals in Infection Control
and Epidemiology to develop policies, procedures and
indicators of appropriate antimicrobial use [43]. It is
evident that antimicrobial resistance while significant
in the ICU is also increasing in both Gram-positive and
Gram-positive bacteria populations within all areas of
the healthcare environment, adversely impacting clini-
cal outcome and diminishing limited institutional re-
sources [44–47].

The original HICPAC recommendations for prevent-
ing the spread of vancomycin resistance within the
healthcare environment should be viewed as a blueprint
for leadership in infection control, formulary restraint
and microbiological support for preventing the emer-
gence, acquisition and dissemination of all resistant
healthcare-associated pathogens [48]. Therefore, the
original (traditional) scope of practice (Table 18.1) for
infection control professionals has been expanded to en-
compass the documentation of emerging trends of resis-
tance within the hospital environment and the develop-
ment of effective interventional strategies aimed at pre-
empting future emerging patterns of resistance. Devel-
opment of a judicious antimicrobial strategy for the ICU
requires a close collegiality between infection control,
pharmacy, microbiology and the clinical staff so that
emerging patterns of antimicrobial resistance are recog-
nized early and correlated with therapeutic efficacy.

18.12
Final Comment on Infection Control Practices
Within the Critical Care Environment

Reducing the risk of healthcare-associated infection
within the critical care environment requires an inter-
disciplinary effort, strong leadership and committed
administrative (institutional) support. The foundation
of this effort necessitates a commitment to basic infec-
tion control principles such as appropriate handwash-
ing practices and adherence to isolation guidelines [40,
49]. Finally, acquisition of a healthcare-associated in-
fection in the critical care environment is predicated on
host susceptibility and other risk factors. Limiting ex-
posure of high-risk patients to selective microbial path-
ogens should be viewed as the basic goal of any infec-
tion control initiative. This may require the infection
control practitioner to at times “think outside of the
box” or explore the clinical utility of using innovative
infection control strategies, such as waterless antiseptic
cloths for cleansing patients in the unit or the adoption
of antibiotic or antiseptic impregnated technologies
that reduce the risk of biomedical (i.e., central venous
or Foley catheters) device bacterial colonization, which
can lead to overt morbidity and/or mortality in suscep-
tible high-risk patients [8, 50, 51].
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19 Antibiotic Resistance in the Intensive Care Unit
J. Vila, F. Marco

19.1
Introduction

Nosocomial infections, especially those caused by anti-
bacterial agent-resistant pathogens, represent an im-
portant source of morbidity and mortality for the pa-
tients in an ICU. Important antibacterial agent-resis-
tant nosocomial pathogens include both Gram-nega-
tive (ESBL-producing Enterobacteriaceae and non-fer-
menting bacilli, such as Pseudomonas aeruginosa, Aci-
netobacter baumannii and Stenotrophomonas malto-
philia) and Gram-positive (methicillin-resistant Staph-
ylococcus aureus [MRSA] and vancomycin-resistant
Enterococcus spp. [VRE]) bacteria. Overall, the preva-
lence of resistance is often highest in units where the

Fig. 19.1. Mechanisms of antimicrobial resistance

most vulnerable patients are located and where anti-
bacterial use is consequently the heaviest. For instance,
ICU patients have shown twofold higher rates of MRSA,
ceftazidime resistance among Enterobacter cloacae and
P. aeruginosa, and vancomycin resistance among ent-
erocci than in patients in general wards [1].

19.2
Brief Overview of the Mechanisms
of Antimicrobial Resistance

Bacterial resistance to antibacterial agents may occur
mainly through four mechanisms (Fig. 19.1). Altered
uptake of an antibacterial agent into the bacterial cell
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can be due either to a decreased permeability (entry in-
to the cell, pathway 1 in the scheme of Fig. 19.1) or in-
creased efflux (pumping the antibacterial agent out of
the cell, pathway 2 in the scheme) or to the interplay of
both mechanisms. Therefore, there is a decrease in the
amount of antibacterial agent reaching its protein tar-
get. An overexpression of an efflux pump affecting one
or several antibacterial agents can be found in both
Gram-negative and Gram-positive bacteria, whereas a
decreased permeability associated with a decrease in
porin expression, the main protein which constitutes
the pores used by the most hydrophobic drugs to cross
the outer membrane, is exclusive of Gram-negative
bacteria. The target protein for a specific antibacterial
agent can be structurally modified, hence resulting in a
lower affinity of this molecule for the antibacterial
agent (pathway 3 in the scheme); such is the case for the
penicillin-binding proteins (PBP), the protein targets
for the q -lactam antibacterial agents. Finally, the most
predominant mechanism of resistance is the presence
of genes encoding enzymes, which hydrolyse or modify
the antibacterial agent, rendering it inactive (pathway 4
in the scheme). Examples of such enzymes are the q -
lactamases, aminoglycoside-modifying enzymes and
chloramphenicol acetyl transferase. Bacteria often pos-

Table 19.1. Main mechanisms of resistance to antibacterial
agents

Antibacterial agent Mechanism of resistance

q -Lactams Altered penicillin-binding proteins
Reduced permeability
Increased efflux
Synthesis of q -lactamases

Aminoglycosides Modification of ribosomal proteins
Synthesis of aminoglycoside-modify-
ing enzymes
Increased efflux

Macrolides and
ketolides

Methylating enzymes
Increased efflux

Glycopeptides Altered target

Fluoroquinolones Altered DNA gyrase and topoiso-
merase IV
Reduced permeability
Increased efflux
Synthesis of peptide protecting
protein targets

Tetracyclines Ribosomal protection
Increased efflux

Rifampicin Altered RNA-polymerase

Chloramphenicol Synthesis of chloramphenicol acetyl
transferase
Decreased permeability
Increased efflux

Trimethoprim Altered dihydropholate reductase
Decreased permeability
Increased efflux

sess multiple mechanisms of antibacterial resistance
for each of the antibacterial agents and some of these
mechanisms can be found concomitantly, providing
the bacteria with a higher level of resistance (Ta-
ble 19.1). In classical cross-resistance, a single bio-
chemical mechanism confers resistance to a single class
of drugs: use of a given antibiotic can select resistance
to other members of the group but not to drugs belong-
ing to other classes. However, cross-resistance between
drug classes, also called pleiotropic resistance, can oc-
cur by two mechanisms: overlapping targets and drug
efflux. An example of target overlap is provided by the
macrolides, lincosamides, and streptogramins (MLS),
which are chemically distantly related.

19.3
Acquisition of Resistance

The natural (intrinsic) resistance shown by some mi-
croorganisms is normally related to specific features of
these microorganisms, which prevent the arrival of the
antibacterial agent to the protein target. One example
of this is the constitutive expression of some efflux
pumps. Moreover, this intrinsic resistance can also take
place when there is a natural modification of the pro-
tein target. Although some bacteria can present an in-
trinsic resistance, most bacteria acquire resistance
mainly by two processes. The most common mecha-
nism of acquired resistance is the uptake of extrachro-
mosomal DNA (plasmids, transposons or integrons)
that contains antibacterial resistance genes. Conjugati-
ve plasmids and transposons are able to pass directly
between bacteria through the process of conjugation in
which a plasmid is transferred from the donor cell to
the recipient cell. The origin of the resistance genes that
can be transferred between bacteria on plasmids and
transposons is unknown, but some, at least, may have
originated as a self-protective mechanism in antibiotic-
producing organisms. There are two other mechanisms
for gene transfer in addition to conjugation: transduc-
tion and transformation. In transduction genes are
transferred by bacterial viruses, called bacteriophages.
In transformation, pieces of DNA in the bacteria’s envi-
ronment are taken into the bacteria and incorporated
into the bacterial chromosome. Secondly, resistance
can develop by mutation of chromosomal genes. One
type of resistance that combines both mechanisms is
the uptake of non-plasmid DNA fragments via trans-
formation and recombination into the bacterial chro-
mosome. This is exemplified by the transfer of penicil-
lin resistance among pneumococci. Although muta-
tions occur only rarely, prolonged exposure to antibac-
terial agents can select for mutations which take place
during a patient’s treatment.
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19.4
Factors Favouring Resistance Development

The emergence, persistence and spread of resistant mi-
croorganisms in the hospital setting are associated with
several factors: (1) factors dependent on the microor-
ganism, among which is the propensity to acquire for-
eign genetic elements carrying resistant genes. Among
these, the ability to survive in several environments
and the capability to easily colonise and infect can be
highlighted. (2) The existence of human and inanimate
reservoirs, in which resistant bacteria can survive. Nor-
mally, these reservoirs provide a good environment for
the interchange of genetic material. Finally, (3) the
strategies of use of specific antibacterial agents. In ad-
dition, there are several factors which favour the spread
of a resistant strain: Crowding of patients with high lev-
els of disease acuity in a relatively small, specialised ar-
ea of the hospital, reductions in nursing staff associated
with economic pressure and the presence of more
chronically and acutely ill patients who require pro-
longed hospitalisation [2–4].

Reductions in antibiotic resistance have been asso-
ciated with hospital-instituted programmes aimed at
combining judicious overall use of antibiotics with the
use of narrow-spectrum antibiotics. The risk of acqui-
sition of a particular infection as a function of the pro-
portion of people colonised has been called “colonisa-
tion pressure”, and has been described as a major vari-
able affecting the spread of VRE and MRSA [5, 6]. The
widespread adoption of antibiotic-control measures
and promotion of strict adherence to infection-control
procedures are necessary to prevent the colonisation
pressure observed in hospitals, especially in ICUs.
Quantitative analysis of vancomycin-resistant Entero-
coccus faecalis transmission in an ICU indicates that
staffing levels have a critical role in transmission, and
that a productive alliance between patients and staff is
a very effective means in decreasing transmission, such
that the level of adherence to hand hygiene is an inverse
function of the endemic level of vancomycin-resistant
E. faecalis colonisation [6, 7].

Prolonged length of hospital stay appears to predi-
spose patients to infection with antibiotic-resistant
bacteria. This predisposition may result, in part, from
the greater likelihood over time of becoming colonised
with such bacteria or the generally poorer underlying
immune status of most seriously ill patients. In addi-
tion, the use of invasive devices, such as endotracheal
tubes, and intravascular and urinary catheters, seems
to encourage such infections. The rising presence of in-
fections causing antibiotic resistant bacteria among pa-
tients in long-term treatment facilities can also be an
important source for the entry of resistant bacteria into
the ICU. Furthermore, outbreaks of multidrug resistant
bacteria are also key factors promoting the spread of

resistance. A reduction in the duration of mechanical
ventilation could decrease the incidence of ventilator-
associated pneumonia and consequently reduce the
length of hospital or ICU stay. Protocols for patients re-
quiring mechanical ventilation have been shown to re-
duce the duration of mechanical ventilation and the
length of ICU stay.

19.5
Antimicrobial Resistance in Gram-Negative
Bacteria

During the past decade, extended-spectrum q -lacta-
mase (ESBL) producing Enterobacteriaceae, mainly
Klebsiella pneumoniae and Escherichia coli, have be-
come increasingly common nosocomial pathogens.
This development is likely related to heavy use of third-
generation cephalosporins [8]. The prevalence of ESBL
production among the Enterobacteriaceae varies great-
ly from country to country and among the institutions
in the country. These q -lactamases confer resistance to
most q -lactam antibiotics with the exception of carba-
penems. Data from the National Nosocomial Infections
Surveillance (NNIS) system showed a sudden increase
from 2% to 23% in ESBL-producing K. pneumoniae be-
tween 1989 and 1990 and this level has been maintained
to date [9]. Overall, the percentage of ESBL-producing
E. coli strains is lower than ESBL-producing K. pneu-
moniae strains (Table 19.2). Several reports have shown
that the use of any q -lactam/ q -lactamase inhibitor oth-
er than ceftazidime is associated with a decrease in
rates of isolating ESBL-producing Enterobacteriaceae
in the ICU [10]. The spread of ESBL-producing Entero-
bacteriaceae is worsened by their common association
with other multiple resistance genes, sometimes locat-
ed in the same plasmid. Enterobacter cloacae is another
important microorganism causing ventilator-associat-
ed pneumonia. Third-generation cephalosporin treat-
ment of infections caused by Enterobacter has been as-
sociated with rapid selection on AmpC cephalospori-
nase derepressed mutants and this scenario may limit
the treatment to carbapenems. In several surveillance
studies the percentage of third-generation cephalospo-
rin-resistant Enterobacter strains is from 26% to 36%
(Table 19.2).

Resistance to quinolones is also a growing problem.
In the ICU, where changes in the prevalence of quinolo-
ne resistance can be investigated more accurately be-
cause of its closed environment, the overall quinolone
resistance of Gram-negative bacilli steadily increased
from 14% in 1994 to 24% in 2000 [11]. In particular, the
average of quinolone-resistant E. coli clinical isolates in
the USA is 2%, whereas in Europe it is 12% (Table 19.2).

P. aeruginosa and A. baumannii are the two most
relevant non-fermentative Gram-negative bacteria. In
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Table 19.2. Comparison of resistance rates obtained from dif-
ferent surveillance programs monitoring ICU infections

Microorganism % of resistance
SENTRY-
USAa

ICAREb SENTRY-
EUc

ESBL – E. coli 3.7 2.2 3.6
ESBL – K. pneumoniae 14.5 10.4 15.8
3GCd-resistant Enterobacter 26.1 33.1 36.2
FQe-resistant E. coli – 2.0f 12.1
Imipenem-resistant

P. aeruginosa
16.1 16.4 29.0

3GC-resistant P. aeruginosa – 20.6 23.3
FQ-resistant P. aeruginosa 24.8 23.0 30.4
Imipenem-resistant A.
baumannii

– – 44.6

VRE 28.4 24.7 2.9
MRSA 51.4 53.5 42

a Reference [13]
b Reference [14]
c Reference [15]

d 3GC – third generation cephalosporins
e FQ – fluoroquinolones
f Reference [16]

a surveillance study with P. aeruginosa and A. bauman-
nii isolates from 65 laboratories in the United States
collected between 1998 and 2001, Karlowsky et al. [12]
found that the percentage of imipenem-resistant P. ae-
ruginosa isolates was 16.7%, being 7.8% and 9.9% for
cefepime and ceftazidime, respectively. In the same
study it was observed that the quinolone-resistance P.
aeruginosa strains isolated from patients in the ICU in-
creased from 18.3% in 1998 to 25.0% in 2001. Similarly,
the proportion of ciprofloxacin-resistant A. baumannii
isolates also increased from 46.2% to 53.8%. Only 3%
of the A. baumannii strains analysed were resistant to
imipenem, in contrast with 44% of imipenem-resistant
A. baumannii isolates found in Europe.

19.6
Antimicrobial Resistance in Gram-Positive
Bacteria

Gram-positive bacteria resistant to several antibiotics
have been reported as an important cause of ICU infec-
tion and in many circumstances, particularly with van-
comycin-resistant Enterococcus faecium, few alterna-
tive antimicrobial agents remain effective.

MRSA continues to be a major nosocomial pathogen
that causes severe morbidity and mortality in many
hospitals worldwide. As many strategies to prevent and
control the spread of MRSA microorganisms have been
described [17, 18], the incidence of nosocomial MRSA
in ICU patients is used to assess the quality of infection
control measures. However, a continuing increase has
been observed in the proportion of MRSA isolates
identified from patients in the ICU with nosocomial in-
fections. Recent data from the NNIS comparing resis-
tance rates from January through December 2003 with

those from 1998 to 2002 showed that the proportion of
Staphylococcus aureus isolates resistant to methicillin
was nearly 60% (59.5%) and the percentage increase in
the rate of resistance was 11% [19]. These results un-
derscore the continuing increase in antimicrobial resis-
tance as surveillance programs performed previously
reported lower resistance rates (Table 19.2) [13–15].
Data from the NNIS also confirm that methicillin resis-
tance in coagulase-negative staphylococci (89.1%) is a
very common feature in strains isolated from ICU pa-
tients [19].

In 1996 reduced susceptibility to vancomycin (MIC
= 8 g/ml) was reported in Japan and the United States,
both in association with the failure of vancomycin
treatment for MRSA infection [20, 21]. The mechanism
for the reduced susceptibility is not completely under-
stood, but it appears to have developed “de novo” after
antibiotic exposure [22]. It has been suggested that
these strains develop independently [22] due to the dif-
ferent patterns of antibiotic susceptibility [23]. Recent
reports of MRSA isolates resistant to vancomycin due
to the acquisition of the vanA gene from enterococci
pose a potentially serious threat to public health
[24–26].

VRE have recently emerged as a significant nosoco-
mial pathogen, especially in the ICUs. Several pheno-
types of glycopeptide resistance have been described,
but strains of Enterococcus faecalis or E. faecium be-
longing to the class VANA and VANB phenotypes are
the most numerous recovered from patients. Although
the first VRE isolate that harboured the vanA gene was
identified in 1987 in Europe [27], the highest preva-
lence of VRE is observed in the United States [13–15].
From 1989 to 1993, a 34-fold increase in the prevalence
of VRE in ICUs in the United States was observed [28].
In ICU patients, data from a recent NNIS report showed
that the proportion of Enterococcus spp. resistant to
vancomycin was 28.5% [19]. However, the rate of in-
crease has diminished for this pathogen, which was re-
ported as +31% in 2000 compared to +12 in 2003 [29].
In a report published by Streit et al. [30], these authors
found a resistance rate of 3.9% for E. faecalis and 65.8%
for E. faecium in enterococcal isolates recovered from
ICU patients in North America. The emergence of van-
comycin resistance among E. faecium, the second most
frequently encountered species, is of special concern
because of the high prevalence of resistance to multiple
agents, including ampicillin, gentamicin and strepto-
mycin. It is noteworthy that the spread of VRE to non-
ICU wards has occurred in recent years and more than
25% of enterococci associated with bloodstream infec-
tions in hospitalised patients in the United States were
resistant to vancomycin [29].
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19.7
Clinical Consequences of Antimicrobial
Resistance

The high frequency of antimicrobial resistant microor-
ganisms is a major public health problem in many
countries. Although it can be difficult to gather evi-
dence on the direct relationship between antibiotic use
and antimicrobial resistance, previous exposure proba-
bly exerts selective pressure favouring the emergence
of resistance. Methods to reduce inappropriate or ex-
cessive antimicrobial use differ from institution to in-
stitution and deciding which is the most effective in a
particular setting can be difficult [31, 32]. In addition
to prudent use and scheduled rotation of antibiotics,
strict compliance with infection control policies can
aid in the reduction of nosocomial multidrug resistant
isolates. However, several studies have shown that com-
pliance with simple handwashing in ICUs varies from
20% to 40% [33, 34].

Antimicrobial resistance in the ICU has a clear inci-
dence in increasing therapeutic failure, morbidity,
mortality and cost [35–37]. Alvarez-Lerma et al. [38]
suggested that isolation of multiresistant pathogens in
critically ill patients can occur in the following circum-
stances: (a) detection of resistance of the original
strain, particularly during treatment with cephalospo-
rins, in relation to the development of antibacterial-in-
duced inactivating enzymes, as in the case of Entero-
bacteriaceae and P. aeruginosa. This event is associated
with failure of antimicrobial therapy and an increase in
mortality; (b) isolation of one or more resistant strains
of the same species in the form of an epidemic outbreak
(A. baumannii, ESBL K. pneumoniae, VR E. faecium,
MRSA). This form of presentation has an important
impact on the antibiotic policy of the ICU and a major
effect on the clinical course of patients with intermedi-
ate degrees of illness severity; and (c) individual isola-
tion in a patient at risk (prolonged ICU stay, previous
use of broad spectrum antimicrobial agents, high se-
verity score). In this situation, multiresistant strains
(MRSA, P. aeruginosa, A. baumannii) are frequently
identified at the last phase of the clinical course of the
patient. The presence of these pathogens is a marker of
severity, although it has a low effect on the final out-
come of the patient or on the antibiotic policy of the
ICU. The infections with multidrug resistant bacteria
have a significant impact on several clinical outcomes.
The patients infected with multidrug-resistant micro-
organisms are usually treated with an effective antibac-
terial agent later than other patients. Several studies
have demonstrated a strong association between inade-
quate antibiotic treatment and in-hospital mortality
rates for patients with ventilator-associated pneumonia
[39, 40]. In addition to higher patient mortality rates,
infections caused by multidrug resistant microorgan-

isms are associated with a significantly longer duration
of hospital stay, and as a consequence greater hospital
charges [41, 42].
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20 Epidemiology of Pseudomonas aeruginosa
in the Intensive Care Unit
R.G. Wunderink, D.L. Mendoza

20.1
Introduction

Pseudomonas aeruginosa, a member of the family
Pseudomonadaceae, is a gram-negative aerobic rod. P.
aeruginosa can grow anaerobically if nitrates are avail-
able. Almost all strains are motile by means of a single
polar flagellum. It has a predilection for growth in
moist environments, probably reflecting its natural ex-
istence in soil and water. P. aeruginosa is tolerant of a
wide variety of physical conditions, including high
concentrations of salts and dyes, weak antiseptics and
many commonly used antibiotics. Its growth require-
ments are so minimal that it can grow in distilled water
and even survive in the presence of some disinfectants
[1]. Optimal growth occurs in the range of 37.0–
42.0°C, but it can also grow at temperatures higher
than 20.0°C [2]. P. aeruginosa grows in a variety of me-
dia but does not ferment sugar. These natural proper-
ties of the bacterium contribute to its ecological success
as an opportunistic pathogen.

Pseudomonas aeruginosa isolates produce three col-
ony types. Natural isolates from soil or water typically
produce a rough colony. Clinical samples, generally,
yield one or another of two colony types. One type is
smooth, with flat edges and an elevated appearance.
The other type, frequently obtained from respiratory
and urinary tract secretions, has a mucoid appearance.
The smooth and mucoid phenotypes presumably play a
role in colonization and virulence. This pathogen also
produces two types of soluble pigments, pyoverdin and
pyocyanin, which result in its characteristic green ap-
pearance in culture. The latter is relatively specific for P.
aeruginosa and is produced by approximately half of
the strains.

Pseudomonas aeruginosa is an opportunistic patho-
gen that is able to cause severe invasive diseases in criti-
cally ill and immunocompromised patients. Surpris-
ingly, P. aeruginosa only occasionally causes serious in-
fections in healthy persons and is infrequently identi-
fied as normal microbial flora in healthy individuals.
While a common nosocomial pathogen in all depart-
ments of the hospital, P. aeruginosa infections are espe-
cially prevalent among intensive care unit (ICU) pa-

tients [3–5], possibly due to the severity of illness in
this population as well as the high rate invasive devices
or procedures. The respiratory tract is the most fre-
quent source of P. aeruginosa isolates, followed by sur-
gical wounds, urine and bloodstream [6].

The incidence of nosocomial P. aeruginosa infec-
tions has increased in recent decades [7]. A multicenter
study placed P. aeruginosa as the most common gram-
negative pathogen recovered in the ICU [8] and the
leading cause of ventilator-associated pneumonia
(VAP) [9–11]. Moreover, the high frequency of multi-
ple resistance among P. aeruginosa strains makes its
eradication difficult [8, 12, 13]. High mortality and
morbidity rates have been observed for P. aeruginosa
infections, especially with respiratory tract infection
[14].

20.2
Environment and Nosocomial Reservoirs

Pseudomonas aeruginosa is a ubiquitous organism,
both the hospital and the external environment. P. ae-
ruginosa is a common inhabitant of soil, water and veg-
etation. These can serve as reservoirs and as agents for
dissemination [15, 16]. Its ability to survive for lengthy
periods as long as sufficient moisture is available may
be the reason for this extensive ecologic niche. The nat-
ural and permanent reservoir of this microorganism is
therefore independent of humans.

Only a small proportion of healthy individuals carry
P. aeruginosa [17, 18]. It is found on the skin of some
healthy persons and has been isolated from the throat
and stool of non-hospitalized patients. The length of
carriage in healthy individuals is not known. Despite
abundant opportunities for exposure, community-ac-
quired pneumonia due to P. aeruginosa infection is
very rare in people without structural lung disease.

Hospital reservoirs for the microorganism include
respiratory equipment, bronchoscopes, antiseptics,
disinfectants, hand lotions, soap, sinks, artificial fin-
gernails and physiotherapy/hydrotherapy pools [19,
20]. Many recent hospital outbreaks of P. aeruginosa
have been reported by contamination from one of these
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reservoirs. The water supply in hospitals may be an im-
portant source for colonization and infection in sus-
ceptible patients [20, 21], including faucets that are
contaminated during hand washing. A review of pro-
spective studies published between 1998 and 2005
showed that between 9% and 68% of random tap water
samples on different types of ICUs were positive for P.
aeruginosa. Indeed, between 14% and 50% of infec-
tion/colonization episodes in patients were due to ge-
notypes found in ICU water. Furthermore, this micro-
organism is constantly reintroduced into the hospital
environment on fruits, plants, vegetables, as well as by
visitors and patients transferred from other facilities.

Spread occurs by direct patient contact with con-
taminated reservoirs, by the ingestion of contaminated
foods and water (drinking water has been associated
with P. aeruginosa infection when used for hydrothera-
py of burned patients) and from patient to patient on
the hands of hospital personnel. The latter mechanism
has been increasingly reported in nosocomial out-
breaks [22–26] and emphasizes the role of healthcare
workers as vectors and reservoirs for this pathogen.

With this degree of hospital contamination, the low-
er respiratory tract of mechanically ventilated patients
and the skin of hospitalized patients treated with
broad-spectrum antibiotics can be colonizedwith P. ae-
ruginosa at rates exceeding 50% [27]. The gastrointes-
tinal carriage rates increase in hospitalized patients to
20% within 72 h of admission.

20.3
Epidemiologic Typing of P. aeruginosa

Although P. aeruginosa was discovered more than a
century ago, many aspects of its reservoirs and trans-
mission pathways remain unknown. A possible expla-
nation is inconsistency of epidemiologic data obtained
with conventional typing methods. Phenotyping meth-
ods were widely used before molecular typing tech-
niques substituted them. When using phenotyping
techniques, establishing relationships between envi-
ronmental and patient isolates was frequently impossi-
ble [28, 29].

Studies comparing the classical typing methods
with genotyping confirmed that the former were of low
discriminatory power and yielded variable results. The
important methods of pulsed-field gel electrophoresis
(PFGE), amplified fragment-length polymorphism
(AFLP) analysis and random amplified polymorphic
DNA polymerase chain reaction (RAPD-PCR) have
successfully supplanted the phenotyping methods in
terms of typeability, reproducibility and discriminato-
ry power.

PFGE is now considered to be the most accurate
method for discrimination of related and unrelated iso-

lates of P. aeruginosa [30, 31] and is preferred to other
typing methods for the epidemiological study of P. ae-
ruginosa [32, 33]. Categories of genetic and epidemio-
logical relatedness of isolates using PFGE can be ap-
plied for relatively small sets of isolates related to puta-
tive outbreaks of disease [34]. Thus, molecular typing is
a potentially powerful screening method for continu-
ous quality improvement. Epidemiological surveil-
lance combined with PFGE should help to improve the
targeting of preventive strategies.

The major drawbacks of PFGE are that it is time-
consuming and expensive. Moreover, digitalized data
management and computer analysis are required for
the analysis of larger numbers of isolates, particularly
for longitudinal studies on the molecular epidemiology
of P. aeruginosa. Technical conditions must be opti-
mized to make gel comparisons possible.

20.4
General Epidemiology of P. aeruginosa in the ICU

An estimated 2–13% of individuals are colonized with
P. aeruginosa upon admission to ICUs [17, 32, 35–37]
and approximately 1% are infected at admission [17].
These rates tend to increase during the period of hospi-
talization.

In the most recent National Nosocomial Infections
Surveillance (NNIS) system report in the USA, P. aeru-
ginosa represents the third most frequent organism as-
sociated with wound or pulmonary infections, the
fourth most frequent organism causing urinary tract
infection, and the fifth most frequent organism isolated
from blood cultures in septicemia [38]. VAP is the main
infection caused by P. aeruginosa in terms of frequency,
morbidity and mortality [36, 37]. In primary septice-
mia, data from Europe and the USA show a relatively
constant proportion of 4% of cases being originated by
P. aeruginosa [39, 40]. Both pulmonary and blood-
stream infections caused by this pathogen are associat-
ed with significant morbidity and mortality rates [41,
42].

The general epidemiology of P. aeruginosa in the
ICU suggests that colonization plays the main role and
represents the true bacterial load within ICUs. An un-
derstanding of the mechanisms involved in the setting
and maintenance of the endemicity of P. aeruginosa
colonization is therefore important.

Pseudomonas aeruginosa has a remarkable capabili-
ty to colonize certain subgroups of patients, with ICUs
clearly established as endemic settings for this patho-
gen. Risk factors significantly related with the acquisi-
tion of this pathogen in ICUs include: length of stay
[43], mechanical ventilation [43], widespread use of
antibiotics [18, 44, 45], use of indwelling urinary cathe-
ters [18] and alcoholism [18, 43].
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Even though colonization by P. aeruginosa frequent-
ly precedes overt infection [18], the original source of
the organism and the precise mode of transmission are
often unclear. Moreover, colonized patients are a
source of bacteria that may colonize other patients.
This may lead to Pseudomonas infection in patients
who have none of the risk factors listed above for en-
dogenous colonization, although endogenous is still
the most frequent source of acquisition [37, 46]. Envi-
ronmental sources have also been clearly demonstrated
to be important in horizontal transmission and out-
breaks have been reported in several ICUs [47, 48]. An
understanding of the relative importance of exogenous
and endogenous colonizations is vital in order to devel-
op infection control measures and strategies to prevent
infection.

Screening cultures can characterize the endemic
burden in ICUs and to determine the incidence of colo-
nization. The intestinal tract is regarded as the most
important reservoir for most bacteria [35, 37]. Howev-
er, the lower respiratory tract also plays an important
role in the carriage of P. aeruginosa in ICU patients
[43]. A screening program for P. aeruginosa carriage in
ICUs must therefore include both rectal and respiratory
tract specimens to identify the largest proportion of the
positive patients.

20.4.1
Endemic P. aeruginosa Infections

Endemic infections occur with a continuous and pre-
dictable frequency, mainly from an endogenous source
[49]. Molecular typing in a non-epidemic ICU setting
has demonstrated in several studies that the major res-
ervoir of P. aeruginosa is the endogenous flora of the
patients [32, 36, 37, 50, 51]. Length of ICU stay, me-
chanical ventilation duration, prior antibiotic exposure
and long-dwelling central venous catheters placed are
risk factors for multi-drug resistant (MDR) P. aerugino-
sa infection.

Pneumonia is the main manifestation of P. aerugino-
sa infection in the ICU, being more commonly associat-
ed with late-onset VAP. P. aeruginosa is related with sig-
nificantly worse prognosis than other pathogens [52].
Colonization of the upper respiratory tract usually pre-
cedes the onset of pneumonia. After colonization, aspi-
ration serves as the major mode of inoculation. P. aeru-
ginosa is the cause of 20% of respiratory infections in
ICU patients but is also responsible for approximately
5% of bloodstream infections, 10% of urinary tract in-
fections, and 15% of surgical infections [4, 38, 53, 54].
Bloodstream infections lead to the most significant im-
pact on morbidity and mortality.

20.4.2
Epidemic P. aeruginosa Infections

A large number of nosocomial P. aeruginosa outbreaks
have been linked to contaminated environmental
sources or breakdown in infection control measures
with cross-infection from colonized patients or health-
care workers [20, 35, 43, 55–59]. Endogenous infec-
tions from the intestinal tract colonization appear to
play a minor role [35, 37, 46]. The majority of outbreaks
reported were clonal, as identified by genomic typing
systems. Because P. aeruginosa infection is so common
in the ICU, determining whether an outbreak is caused
by a single clone or by multiple isolates is important.
An early hint of whether the outbreak is clonal or not
and if antibiotic pressure is playing a role is whether the
isolates are resistant to all available antimicrobial
agents or specifically to one.

Contamination of healthcare workers hands via an
environmental water source is a common cause of the
outbreaks. Spread occurs mainly from patient to pa-
tient on the hands of hospital personnel and by direct
patient contact with contaminated reservoirs. Trans-
mission of P. aeruginosa may not only occur within an
ICU but has also been reported between hospitals,
spreading from one to another by transferred patients
or healthcare workers working at both sites [60].

20.5
Patterns of Resistance and Virulence

Pseudomonas aeruginosa has intrinsic resistance to
several q -lactams, commonly associated with produc-
tion of high levels of a cephalosporinase (AmpC). Pseu-
domonas also exhibits acquired resistance to any anti-
biotic by a variety of different mechanisms. These in-
clude mutations in outer membrane porins resulting in
reduced permeability, penicillin binding proteinmodi-
fications, production of extended-spectrum q -lacta-
mases (ESBL), acquisition of metallo- q -lactamases or
other enzymes, and overexpression of efflux pumps
systems effective against multiple antibiotics [61–66].
The higher rates of resistance in ICUs are strongly in-
fluenced by prior antibiotic use [10, 11, 67] and associ-
ated with adverse clinical outcomes [68]. Significant
variability among geographic regions and hospitals
must be considered [6, 10].

The main q -lactamases produced by P. aeruginosa
are chromosomally encoded rather than located on
plasmids. The presence of ESBLs in these bacteria has
important clinical implications because they confer re-
sistance to all penicillins and cephalosporins but are
difficult to detect phenotypically by MIC testing. This
problem may lead to the false susceptibility reporting
and, consequently, to inappropriate therapy. Amino-
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glycoside resistance is usually a result of enzyme-medi-
ated antibiotic modification [69]. Resistance to quino-
lones occurs principally by alterations in the binding-
site structure of the DNA-gyrase enzyme, which is the
site of action of quinolones. MDR strains may emerge
by combinations of efflux pumps, impermeability and
production of inactivating enzymes [70]. The use of
combination therapy with agents that act by different
mechanisms may limit the emergence of resistance but
clinical data supporting this hypothesis are lacking.

The ability of P. aeruginosa to form biofilms greatly
enhances its ability to adhere to and survive on envi-
ronmental surfaces, medical devices and the airways of
patients with chronic lung disease. Growth within bio-
films gives rise to the potential for resistance against
disinfectants and antibiotics [71].

Pseudomonas aeruginosa produces a number of
substances that contribute to its pulmonary toxicity, in-
cluding exotoxins, proteases, cytotoxins and hemoly-
sins. These enzymes and toxins can cause a necrotizing
pneumonia with abscess formation, limiting the antibi-
otic penetration [72]. Perhaps the best known and
characterized of these substances is exotoxin A, pro-
duced and released by most clinical strains of this path-
ogen. The type III protein secretion in pneumonia
caused by P. aeruginosa has been related with worse
clinical outcome [73]. This microorganism also pro-
duces a number of pigments with biologic properties
that add to its virulence. Pyocyanin is the most impor-
tant. The antibiotic activity of pyocyanin favors the
growth of P. aeruginosa rather than other bacteria in
some circumstances [74, 75].

Recently, awareness of the importance of the quo-
rum-sensing system has increased. By this mechanism,
the number of bacteria of the same type remaining in a
same site influences the gene transcription and protein
production, generally with an alteration of the pheno-
type toward more invasive characteristics when ade-
quate numbers of bacteria are present. The increased
ability to incorporate new virulence and resistance
genes is one aspect of the quorum-sensing system.

Interestingly, P. aeruginosa shares its natural habitat
with free living amoebae. Amoeba host defense sys-
tems can be used to analyze the virulence of P. aerugi-
nosa strains [76, 77]. Wild-type Pseudomonas strains
are more virulent and inhibit amoebal growth. An ex-
perimental study reported that, compared to environ-
mental isolates, P. aeruginosa strains causing invasive
hospital-acquired infections are more virulent in
amoeba assays as well as more resistant to antibiotics.
These data suggest that clinical infections due to P. ae-
ruginosa are, at least in part, due to increased bacterial
virulence [78].

20.6
Impact of P. aeruginosa Infection

Pseudomonas aeruginosa infection tends to occur pre-
dominantly in patients who are severely ill and already
at increased risk of dying of other causes. However, this
bacterium should always be considered as a lethalpath-
ogen, with a reported 35% attributable mortality in
bacteremia [79, 80] and an overall mortality of 69% in
VAP [81], with an attributable mortality of at least 10%
[82]. This excess mortality represents the potential for
improved outcome if prevention or better therapy of P.
aeruginosa VAP can be developed. Unfortunately, the
mortality has not improved over the last 25 years, de-
spite the availability of increasingly potent antibiotics.
This increased mortality has been attributed to the
elaboration of a mucoid exopolysaccharide that offers
protection from host immune factors, the production
of a wide variety of enzymes and toxins responsible for
tissue destruction and bacterial invasion, the immuno-
logical vulnerability of the host, and the worldwide
emergence of MDR nosocomial clones [81].

Because the balance between the adequacy of host
defense and the virulence of P. aeruginosa is often very
close, the appropriateness of antibiotic treatment is ex-
tremely important. The most active agents are the car-
bapenems, piperacillin, cefepime, ceftazidime, quino-
lonesand aminoglycosides [83, 84]. Nevertheless, P. ae-
ruginosa is one of the predominant microorganisms as-
sociated with failure of therapy [85–87]. In the case of
VAP caused by P. aeruginosa, the most important strat-
egy is to change to different antibiotic combinations
than the patient has received previously [85], always as-
suming that a resistant clone has been selected. An op-
tion unique to VAP is the addition of aerosolized antibi-
otics [88, 89]. No new classes of antipseudomonal anti-
biotics are anticipated to be available in the near future,
so optimizing use of the present antibiotics remains
critical.

A novel approach to P. aeruginosa infections may be
to attack the structure of the bacterial biofilm. Al-
though macrolides possess virtually no antipseudomo-
nal activity per se, they have been shown to inhibit the
formation of P. aeruginosa biofilms [90]. Possible
mechanisms for such responses include inhibition of
quorum-sensing system [91] and the immunomodula-
tory effects of macrolides.

20.7
Prevention and Infection Control Measures

Given its high mortality, prevention of P. aeruginosa in-
fection is an important area for emphasis and further
investigation. Preventive strategies should be designed
specific to the type of ICU and surveillance should be
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implemented, with the availability of molecular typing
to determine the diversity of the strains and identify
potential exogenous outbreaks. Screening tests will
document the carriage of the pathogen within the in-
testine and lower respiratory tract. Rectal swabs and
nasal or tracheal aspirations remain the best sites for
this type of screening [17].

Since P. aeruginosa is commonly found in tap water
and other environmental sources, strict hand washing
and the appropriate use of antiseptics and gloves is crit-
ical to avoid the horizontal transmission of MDR P. ae-
ruginosa clones [24, 26]. Hand disinfection may be
preferable to handwashing between contact with differ-
ent patients [92]. In addition to hand disinfection,
spread of P. aeruginosa can be controlled with careful
attention to aseptic techniques, cleaning and monitor-
ing all the medical devices involved in patient care, and
by appropriate detection and isolation of patients colo-
nized or infected with MDR strains. Compliance to cur-
rent infection control recommendations plays a vital
role in prevention.

The environment should be monitored weekly to
prevent tap water from becoming colonized with P. ae-
ruginosa. Techniques of water tap disinfection include
mechanical cleaning of taps and aerators, chemical dis-
infection by hyperchlorination, and thermal disinfec-
tion [93]. Mechanical cleansing is very expensive and
does not prevent retrograde recontamination. A recent
study demonstrated good results with point-of-use wa-
ter filtration, using disposable tap-mounted filters for
7 days [94].

Avoidance of antibiotics may be the best prevention
strategy. The overwhelming majority of P. aeruginosa
pneumonias occur in patients already exposed to anti-
biotics [95]. Despite its significant virulence and ubiq-
uitous presence, Pseudomonas appears to require sup-
pression of the normal host bacterial flora by antibiot-
ics to cause infection. The eradication of normal hu-
man bacterial flora, particularly anaerobic flora, facili-
tates the overgrowth of P. aeruginosa [37, 96]. Avoid-
ance of unnecessary antibiotic therapy may not prevent
the development of pneumonia, but less antibiotic
pressure may prevent P. aeruginosa from being the
causative agent.

Active immunization with a specific vaccine appears
to be too toxic for general use. Several types of vaccines
are being tested, but none is currently available. There-
fore, the only immunoprophylaxis demonstrated to be
of benefit is the use of granulocyte-colony stimulating
factor in patients with neutropenia [97].

20.8
Conclusion

Pseudomonas aeruginosa has become a dominant
pathogen in most ICUs. Not only is it the most frequent
pathogen in mechanically ventilated patients but mor-
tality rates remain unacceptably high. Widespread use
of broad-spectrum antimicrobials has resulted in the
emergence of MDR P. aeruginosa strains. New resis-
tance mechanisms are being continuously identified
while few new antibacterial agents are being developed,
leaving a limited number of therapeutic options avail-
able. The complex epidemiology of these MDR strains
needs to be further studied in order to design measures
to control their spread. Optimal management of infec-
tions with MDR strains of P. aeruginosa requires
knowledge of local epidemiology.

Endemic infections occur with a continuous and
predictable frequency, mainly from an endogenous
source. P. aeruginosa outbreaks have been linked to
contaminated environmental sources. Strains from
these sources then contaminate the hands of healthcare
workers and are transmitted from patient to patient.
Surveillance cultures may be used in combination with
molecular typing techniques to evaluate the endemicity
and cross-transmission rates of P. aeruginosa in order
to improve the targeting of preventive strategies.

Prevention and control of P. aeruginosa colonization
and infection in ICU patients requires attention to mul-
tiple facets of pathogenesis: prudent antimicrobial use,
compliance by healthcare workers with hand hygiene
recommendations, identification and isolation of colo-
nized/infected patients, prompt detection and manage-
ment of outbreaks, maintenance of a clean ICU envi-
ronment and appropriate cleaning and disinfection of
medical equipment. Further research to further define
aspects of the pathogenesis of this microorganism and
to determine more effective treatments and prevention
strategies is clearly needed.
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21 How To Control MRSA Spread
in the Intensive Care Unit
J.-R. Zahar, J.-F. Timsit

21.1
Epidemiology of MRSA

Staphylococcus aureus is a major human pathogen, re-
sponsible for a wide range of infections, from mild skin
infections to severe wound infections and bacteremia.
Since the introduction of methicillin in 1959, for the
treatment of infections caused by penicillin-resistant S.
aureus, strains of S. aureus resistant to methicillin have
emerged. Methicillin-resistant S. aureus (MRSA) has
evolved from methicillin-sensitive S. aureus (MSSA) by
the acquisition of a large genetic element known as the
staphylococcal cassette chromosome mec (SCCmec).
SCCmec carries the mec gene complex and also various
resistance genes against non- q -lactam antibiotics.

Usually, infections due to MRSA are acquired in hos-
pitals, long-term care facilities or similar settings, and
these strains appear to be generally resistant to multi-
ple antibiotics and genetically closely related [1, 2].

21.1.1
Hospital and ICU Epidemiology

The spread of MRSA has been reported worldwide,
with a highly variable prevalence according to the type
of clinical ward (e.g., intensive care units versus outpa-
tient departments) and the geographic area. In the US,
the rate of infections due to MRSA in intensive care
units (ICUs) increased from 35.9% in 1992 to 64.4% in
2003 [3]. In Europe, the overall prevalence of MRSA in-
creased between 1999 and 2004 from 16% to 24%
(p<0.0001) [4]. A recent survey of 3,051 S. aureus iso-
lates from 25 university hospitals in 15 European coun-
tries confirmed that MRSA strains are more prevalent
in southern Europe than in northern Europe, as the
highest prevalence was seen in Portugal (54%) and Ita-
ly (43–58%), whereas the lowest prevalence was ob-
served in Switzerland and the Netherlands (2%) [5]. In
France, 3.7% of ICU patients have had at least one clini-
cal sample positive with MRSA [6]. Globally, MRSA
isolates accounted for 25% of all S. aureus isolates, and
38% of the ones from ICUs. The prevalence of methicil-
lin resistance was the highest among S. aureus strains
responsible for nosocomial pneumonia (34%); it was

24% among blood isolates, and the lowest among iso-
lates associated with skin infections (22%).

21.1.2
Spread Resistance: New Features
21.1.2.1
Emergence of Community-Acquired MRSA Strains

Data from the Sentry Antimicrobial Surveillance Pro-
gram showed an increase in methicillin resistance, not
only among nosocomial S. aureus strains, but also
among community strains [7]. Some have argued that,
because of the dramatically increasing prevalence of
MRSA in the hospital, the parallel epidemic in the com-
munity is attributable to individuals with MRSA from
healthcare facilities and returning to the community
[8]. However, findings from epidemiological and mo-
lecular typing studies suggested that community-ac-
quired MRSA (CA-MRSA) strains are distinct from
hospital-acquired MRSA (HA-MRSA). CA-MRSA have
been isolated mostly from skin and soft tissue infec-
tions, and in community-dwelling patients without es-
tablished risk factors for the acquisition of MRSA [9].
These CA-MRSA isolates exhibited a different chromo-
somal cassette mec element, SCCmec type IV, and have
a different distribution of antibiotic resistance genes
and of toxin genes [10]. The prevalence rates of CA-
MRSA vary widely among studies. The pooled preva-
lence of CA-MRSA among MRSA isolates from hospi-
talized patients was 30.2% in 27 retrospective studies
and 37.3% in five prospective studies, and only 0.2%
among community members without healthcare con-
tacts [9].

21.1.2.2
Resistance to Glycopeptides

There has been increasing concern about the possible
emergence of vancomycin-resistant S. aureus (VRSA)
strains. The concentration of vancomycin required to
inhibit most strains of S. aureus is between 0.5 and
2 mg/l. S. aureus isolates with vancomycin MICs of
8–16 mg/l are currently classified as vancomycin-inter-
mediate (VISA), and isolates with vancomycin MICs
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& 32 mg/l are classified as vancomycin resistant
(VRSA). Of note, the mechanisms of resistance are dif-
ferent. In VISA strains, cell wall is thickened by alter-
ation of its biosynthesis, hindering glycopeptide reach-
ing its target. In VRSA strains, the glycopeptide target
itself is altered [11]. The glycopeptides – notably vanco-
mycin – have traditionally been the mainstay of treat-
ment of MRSA, but overuse of this antibiotic has led to
the emergence of VISA and VRSA. In 1996 the world’s
first documented infection due to S. aureus with inter-
mediate resistance to glycopeptides (GISA) was diag-
nosed in Japan [12], and shortly after reports from the
US [13] and France [14] published cases of infections
with GISA. To date only isolated cases due to VRSA iso-
lates have been reported. The increase in the use of van-
comycin to treat MRSA will increase the vancomycin
selective pressure, which in turn may lead to more
strains of GISA.

21.2
From Carriage to Infection
21.2.1
Risk Factors for Carriage and Infection

Humans are a natural reservoir of S. aureus. Both meth-
icillin-sensitive and methicillin-resistant isolates can
be persistent colonizers [15]. Ten to 20% of healthy
adults are persistently colonized with S. aureus, and
therefore are at increased risk from staphylococcal in-

Table 21.1. Risk factors for methicillin-resistant Staphylococcus
aureus carriage

Risk factors for S. aureus carriage
Intravenous drug use

Chronic medical illness
Type I diabetes mellitus
Patients undergoing hemodialysis

Impaired immune function
AIDS
Quantitative defect in leukocyte function
Qualitative defect in leukocyte function

Risk factors for methicillin-resistant S. aureus carriage
Age >60 years
Previous colonization
Exposure to a patient known to be colonized or infected

with MRSA
History of stay in an ICU during the last 5 years
History of surgery during the last 5 years
Prolonged hospital stay (21 days or longer)
Residence in a skilled nursing facility
Transfer from an institution with a high prevalence of

MRSA
Presence of open skin lesions
Antimicrobial therapy within the last year
Surgery within the last year
Central venous catheter
Chronically poor health status

Adapted from [15]

fections. Patient conditions associated with a higher
risk of staphylococcal colonization are listed in Ta-
ble 21.1. As ICU patients seem to be exposed simulta-
neously to several risk factors, they are especially prone
to becoming S. aureus carriers.

Of note, the MRSA cross-colonization could be
avoided when the overall rate of MRSA carriers is rath-
er low. A multivariate analysis demonstrated that the
colonization pressure (defined as the number of
MRSA-carrier patient-days/total number of patient-
days) was the only independent predictive factor for
MRSA acquisition (P=0.0002) [16]. The risk of acquisi-
tion of MRSA was approximately fivefold times higher
with a colonization pressure above 30% than when the
colonization pressure was less than 10% [relative risk,
4.9; 95% confidence interval (95% CI), 1.2–19.9;
P<0.0001]. In fact, the most important risk factor for
developing an MRSA infection is MRSA carriage [17].
Workload and understaffing are also associated with
MRSA infection [18].

To a lesser extent, antibiotic administration in-
creased the risk of MRSA colonization and infection in
several studies [19]. Comparison of patients colonized
with MSSA and MRSA reveals that the number of anti-
biotics received and the duration of therapy are statisti-
cally associated with an increased risk of MRSA acqui-
sition and infection. Although antibiotic pressure is not
able to select methicillin resistance in S. aureus strains,
many epidemiological studies suggest that MRSA is
more prevalent when antimicrobials, especially the flu-
oroquinolones and first generation cephalosporins, are
frequently used [19, 20].

21.2.2
Clinical Consequences of Infection

Infections with antibiotic-resistant organisms are
thought to result in higher morbidity and mortality.
However, conflicting results have been obtained with
regard to the impact of methicillin resistance on out-
come. A recent meta-analysis concluded that MRSA
bacteremia is associated with a significantly higher
mortality rate than MSSA bacteremia [21]. Indeed
when data from all studies were pooled, a significant
increase in mortality was associated with MRSA bac-
teremia as opposed to MSSA bacteremia. Recently,
Combes et al. [22], and our group [23], conducted stud-
ies to analyze impact of the methicillin resistance on
outcome of S. aureus ventilator-associated pneumonia.
In these two studies and after controlling for clinical
and physiologic heterogeneity between MRSA and
MSSA infections, methicillin resistance did not signifi-
cantly affect the 28-day mortality of patients. In vitro
studies have not detected differences in virulence be-
tween MRSA and MSSA. This suggests that the discrep-
ancies may stem from confounding factors related to
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differences in the populations such as duration of stay
in the ICU at the time of infection, performance of in-
vasive procedures, severity of disease at ICU admission
or treatment adequacy between patients infected with
MRSA and those infected with MSSA. Patients with
MRSA seem to be sicker and older and will have a high-
er mortality because of their underlying illness.

The most important finding is that MRSA infections
lead to an important increase in the use of vancomycin
[17] which, in turn, increases the risk of other microor-
ganisms such as VISA and vancomycin-resistant en-
terococci.

21.3
How To Control MRSA in the ICU

ICUs are particularly likely to receive patients infected
or colonized with MRSA. Several studies showed that
8–10% of patients had MRSA at ICU admission [24].
These patients can form a reservoir for subsequent dis-
semination in the ICU unless the organism is identified
through routine screening at admission and early isola-
tion precautions are taken. Effective MRSA control has
been achieved by implementing stringent infection
control policies of MRSA outbreaks [25, 26]. Recent
recommendations for MRSA control include two key
components: identification of the MRSA reservoir us-
ing clinical and screening cultures, and contact precau-
tions for MRSA-positive patients [27]. However, the ex-
act modalities of the procedures to be applied then have
to be adjusted to local constraints.

21.3.1
Should We Screen Everybody?

In an endemic setting, screening for MRSA on admis-
sion allows the imported cases to be identified. Identi-
fying colonized patients early through screening is im-
portant to enable the implementation of isolation and
infection control. Screening patients on admission to
the ICU is recommended to establish whether the pa-
tients are colonized with MRSA, and then weekly or
more frequently thereafter to identify and monitor car-
riage.

Recently, Lucet et al. [28] conducted a multicenter
prospective study including 14 French ICUs for
6 months. Among the 2,347 admissions with MRSA
screening, 7% were positive for MRSA, of whom 54.3%
were detected through screening only. Carriage was de-
tected by nasal swabs in 78% of the MRSA-positive ad-
missions, and by nasal and skin swabs in 92%. Clinical
specimens detected only 18.5% of MRSA-positive ad-
missions. Factors associated with MRSA carriage in the
multivariate analysis were age greater than 60 years,
prolonged hospital stay in transferred patients, history

of hospitalization or surgery, and presence of open skin
lesions in directly admitted patients. However, 13% of
the MRSA carriers among the transferred patients had
none of the identified risk factors for MRSA carriage.
Therefore, limiting screening at admission to patients
with at least one risk factor would have included 70.4%
of transferred patients and identified 86.8% of MRSA
carriers. Limiting it to patients with at least two risk
factors would have included 15.7% of transferred pa-
tients and identified 43.4% of MRSA carriers. Of the
1,443 directly admitted patients, limiting screening at
admission to patients with at least one risk factor would
have identified 88.4% of the MRSA carriers, and limit-
ing it to the patients with at least two risk factors would
have identified 55.8% of the MRSA carriers. The cost-
benefit analysis concluded that the cost of routine
MRSA screening and preventive isolation was lower
than the cost of treating the MRSA infections prevented
by this strategy. The sensitivity analysis indicated that
universal screening and preventive isolation saved
money when the prevalence of MRSA carriage varied
from 2% to 20% at ICU admission. Based on similarly
identified risk factors for newly detected MRSA car-
riage at ICU admission, a risk score was recently com-
piled [29]. Based on the analysis of 1,006 patients in-
cluded in a case-controlled study, the probability of
MRSA carriage was 8% for patients with a low risk
score, as opposed to 19% for patients with an interme-
diate score and 46% for patients with a high score.
Therefore, applying this risk score was recommended
to achieve a more effective MRSA control strategy.

However, the identification of previously unknown
MRSAs at ICU admission takes 2–3 days when using
conventional techniques. In Geneva University Hospi-
tal, the rapid diagnostic tests such as the quick multi-
plex immunocapture quantitative PCR have been re-
cently shown to reduce dramatically the delay of notifi-
cation (which decreased from 87 to 21 h in the surgical
ICU and from 106 to 23 h in the medical ICU), and the
number of preemptive isolation days [30].

21.3.2
Hand Hygiene

The most important mode of transmission of MRSA
within institutions appears to be poor hand hygiene.
Once introduced into a hospital, MRSA can be spread
to a large silent reservoir of colonized patients. By the
time serious infections such as bacteremia draw atten-
tion to the problem, asymptomatic colonization will
typically be widespread and contamination of the envi-
ronment may be extensive. Hand hygiene is a funda-
mental aspect of infection control, with several studies
showing a decline in nosocomial infection rates when
compliance with hand hygiene is enhanced [31]. De-
spite universal acknowledgement of the pivotal role
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that hand hygiene plays in reducing nosocomial infec-
tion, compliance among healthcare workers remains
poor, ranging from 16% to 81% [32]. Pittet et al. stud-
ied predictors of non-compliance with hand hygiene in
an observational study and found that, in a multivari-
ate analysis, physicians and nursing assistants had low-
er compliance rates than nurses. Worryingly, compli-
ance was lower in ICUs, during procedures associated
with a high risk of contamination and whenthe activity
index was the highest. In a more recent cross-sectional
survey of 163 physicians, the same investigators re-
ported that adherence to hand hygiene was associated
with awareness of being observed and ready availabili-
ty of hand rubs [33]. A statistical model showed that the
rate of carriageof resistant organisms could be reduced
by a third if hand hygiene compliance increased from
40% to 70% [34]. Attempts to improve compliance
have included increasing the number of accessible
sinks and educating HCWs, but none of these interven-
tions led to a marked and sustained improvement in
compliance. Interventions which emphasized targeted
education and frequent performance feedback were the
most effective. The introduction of alcohol/chlorhexi-
dine hand hygiene solution combined with education
and motivation programs can improve hand hygiene
compliance and reduce total nosocomial infections.
The main reasons raised for not adhering to the recom-
mendation to hand hygiene was the lack of time and
workload in the ICU [35]. The rapid efficacy of alcohol-
based solutions compared with handwashing, even
with an antiseptic agent, is a major argument support-
ing their use in clinical practice [36]. Handrubbing also
achieved a higher reduction in bacterial contamina-
tion, suggesting higher efficacy. Moreover handrub-
bing remained effective after a series of applications. A
number of clinical studies have evaluated handwashing
with plain soap versus handrubbing in everyday prac-
tice, and all showed positive results in favor of hand-
rubbing. One randomized clinical study compared
handwashing with an antiseptic soap versus handrub-
bing with an alcohol-based solution with the assess-
ment of skin tolerance as the primary objective. Hand-
rubbing was better tolerated than handwashing and
achieved a comparable reduction in bacterial contami-
nation [37].

21.3.3
Environmental Contamination

Beside the hands of HCWs as the main source of trans-
mission for MRSA, and colonized or infected patients
as the main reservoirs, the role of the environment
should not be neglected. Staphylococci are able to sur-
vive for at least 1 day on five common hospital materi-
als, with some still viable after 56 and 90 days on poly-
ester and polyethylene plastic, respectively. Boyce et al.

demonstrated that the environmental contamination of
a patient’s room was sufficient to contaminate the
gloves of healthcare workers even without direct pa-
tient contact [38]. In a recent study, Sexton et al. as-
sessed the degree of environmental contamination in
isolation rooms with patients colonized or infected
with MRSA [39]. Over half of the surface samples, in-
cluding those taken from beds and mattresses, were
positive, and these strains were confirmed by PFGE fin-
gerprinting as similar to those isolated from patients.

21.3.4
Isolation and Cohorting

Most transmission of MRSA from patient to patient is
thought to be mediated by transiently colonized health-
care workers (HCWs), although airborne dispersal and
transmission through contacts with contaminated sur-
faces may also be important. Isolation measures for pa-
tients are intended to interrupt such transmission [40].

The most intensive forms of isolating patients are
isolation wards (designated for the treatment of known
or suspected carriers of MRSA) and nurse cohorting
(the physical segregation of MRSA patients in one part
of a ward, with nursing by designated staff who care ex-
clusively for these patients). Other isolation measures
include the use of single bedded rooms, cohorts of pa-
tients on general wards (without designated nursing
staff), and barrier precautions (use of aprons or gowns,
gloves, and, in some cases, masks by HCWs as the only
physical barrier to transmission). Such control mea-
sures may place substantial burdens on hospital re-
sources, and the value of their continued use has been
questioned. National guidelines for preventing the
spread of MRSA recommend mainly contact precau-
tions and isolation of infected or colonized patients in
a single room or cohort [41–43]. Although several re-
ports have suggested a benefit from single-room isola-
tion or cohort nursing, a systematic review pointed out
the lack of well-designed studies allowing the assess-
ment of the role of isolation measures alone. Studies
were predominantly retrospective, lacking in proper
statistical analysis, and generally undertaken in re-
sponse to outbreaks rather than within intensive-care
units of high endemicity [44]. Moreover, isolation was
generally introduced within a package of measures,
variably including surveillance, improved hand-wash-
ing compliance, reduction in ward activity, and addi-
tion of other treatments [45]. Despite conflicting data
there is evidence that interventions including isolation
can achieve major reductions in MRSA, even when en-
demic [40, 46, 47]. However, isolation and cohorting
had to be part of a broader program to be successful.
Single rooms simplify adherence to infection control
guidelines by concentrating all activities on the one pa-
tient room and avoiding accidental reuse of contami-
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nated medical devices for another patient. But such iso-
lation of critically ill patients presents some risks. De-
spite higher illness severity scores, isolated patients are
visited half as often as non-isolated patients (5.3 vs.
10.9 visits per hour), and are twice as likely to have ad-
verse events (31 vs. 15 events per 1,000 patient-days)
[48–50].

Lucet et al. [51], in a prospective observational co-
hort over 6 years assessing the effectiveness of screen-
ing strategy and contact precautions for patients with
MRSA in intensive care units, concluded that MRSA
control in three ICUs with a high prevalence of MRSA
at admission was achieved via multiple interventions
including screening, contact precautions, and use of al-
cohol handrub solution. Indeed, between the two com-
pared periods, acquisition incidence of MRSA de-
creased from 7% to 2.8%. The benefits of active screen-
ing programs over a long period are still questionable;
however, this is the first demonstration proving the ef-
ficacy of such a program. De Lassence et al. [52] de-
scribed recently the first large outbreak of coloniza-
tions and infections with a GISA strain. This strain was
associated with a high rate of infection and extensive
colonization of environment. Patient isolation and bar-
rier precautions failed when used alone. The termina-
tion of the outbreak was achieved only when a stringent
policy of restricted admissions, twice daily environ-
mental cleaning, and implementation of hand decon-
tamination with a hydroalcoholic solution were added,
associated with an increased patient/nurse ratio.

21.3.5
Eradication: What Should We Think About Mupirocin

From prospective epidemiological studies, nasal colo-
nization with S. aureus is a major risk factor for infec-
tion, and suppression or eradication of this organism
can help to prevent S. aureus infections. Many different
antimicrobial agents have been used to eradicate MRSA
carriage from colonized patients and HCWs. Mupiro-
cin has emerged as the topical antibacterial agent of
choice. Numerous open trials involving surgical, he-
modialysis and continuous ambulatory peritoneal dial-
ysis patients demonstrated that the use of mupirocin in
patients with postoperative nasal colonization with S.
aureus significantly reduced nosocomial S. aureus in-
fections. A recent meta-analysis showed that perioper-
ative intranasal mupirocin decreased the incidence of
surgical-site infection when used as prophylaxis in
non-general surgery [53]. The cost-effectiveness of this
approach is still questionable, as well as the optimal
regimens and strategies, and also whether infections
due to other species can increase as the rate of S. aureus
infections declines. Moreover, several investigations of
outbreaks have shown that the level of resistance to mu-
pirocin can rapidly increase, and that resistant strains

can be spread from patient to patient [54]. The useful-
ness of mupirocin-based nasal decolonization in ICU
remains a matter of debate. A recent study suggested
that nasal mupirocin in ICUs can effectively prevent the
occurrence of infections due to endogenous MRSA
[55]. But this finding stands in contrast to double-blind
randomized, placebo-controlled trials that included
patients hospitalized in different types of unit [56].

21.4
Conclusion

One aspect of MRSA infections that has still not been
clarified in recent years is how vigorously we should try
to contain and control MRSA. It is difficult to predict
the course of events when MRSA is introduced into a
hospital. Rapid spread of the organism throughout the
ICU and hospital could occur. Outbreaks seems to be
more common following introduction of MRSA into
medical or surgical intensive care units. Arguments for
implementation of special control measures could be as
follows:

1. MRSA can spread rapidly in hospitals and cause
substantial morbidity.

2. Once MRSA strains are introduced into a facility
they often become endemic and eradication could
be very difficult.

3. If MRSA accounts for more than 5% of clinical
isolates, vancomycin use may increase substantially
and widespread use of vancomycin increases the
risk of emergence of vancomycin resistant organ-
isms.

Despite variable outcomes of MRSA control measures,
aggressive infection control measures have been shown
to be cost-effective. All these studies and our own expe-
rience plead in favor of vigorous advocacy for the
screening of patients at admission in the ICU and dur-
ing their stay, as well as the isolation of MRSA carriers.
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22Epidemiology of Acinetobacter baumannii
in the Intensive Care Unit
J. Garnacho-Montero, C.O. Leyba, J.A. Martı́n

Over the last few decades, Acinetobacter baumannii has
become one of the main nosocomial pathogens, caus-
ing epidemics and endemics in hospitals all over the
world and affecting patients in intensive care units
(ICUs) in particular [1]. It is a non-fermenting Gram-
negative bacillus which causes mainly nosocomial in-
fections (it also exceptionally causes community-ac-
quired infections) such as pneumonia, primary bacte-
raemia, catheter-related infections, meningitis and sur-
gical wound infections. To date, there are eight patho-
genic Acinetobacter species (Table 22.1); however,
through DNA and 16S ribosomal DNA hybridisation
studies, 21 genospecies with numerical designation
have been identified [2]. The genospecies 2 (A. bau-
mannii), 1 (A. calcoaceticus), 3 and 13 TU are of most
clinical importance [3].

Table 22.1. Classification of Acinetobacter species

Genotypic classification Phenotypic classification

Genospecies 1–7 A. calcoaceticus
Genotype 3 Biotypes 1, 2, 6 and 9

Genospecies 8/9 A. baumannii
Genospecies 10–12 A. haemolyticus
Genospecies 13–14 TU A. junnii

Genotype 13 TU A. johnsonnii
Genospecies BJ 14–17 A. lwoffii

A. radioresistens
A. venetianus

22.1
General Characteristics of Acinetobacter
Outbreaks

Knowledge of the epidemiology of Acinetobacter spp.
infections is based on traditional tools such as pheno-
typic and antibiotype identification, but these methods
are not sufficient due to their low discrimination pow-
er, the low metabolic activity of this bacterium and its
frequent multi-drug resistance pattern. It should be
pointed out that microorganisms with identical antibi-
otic resistance patterns often belong to different geno-
types [4].

The clonal identification of the isolations is firstly
based on the definitive characterisation of the genospe-
cies by means of 16S ribosomal DNA amplification of
Acinetobacter spp. (around 1,500 base pairs) and their
subsequent treatment with the restriction endonucle-
ases CfoI, AluI and MspI (ARDRA) [5]. Once the geno-
species have been established, a molecular method
such as electrophoresis in a pulsating field or the ampli-
fication of repetitive sequences and treatment using re-
striction endonucleases (REP-PCR) should be used for
clonal identification [6].

The presence of a prevailing clone was suggested at
first as the cause of nosocomial outbreaks; however, we
now know that several clones often coexist in the same
hospital. Hsueh et al. studied an outbreak of A. bau-
mannii, which included 203 strains, and described 10
different clones although there was a predominant
clone specifically located in the ICU [7]. Fernández-Cu-
enca et al. studied an outbreak, in the GEIH-Ab2000
project, which included 221 strains from 25 Spanish
hospitals [8], and described 21 genospecies which con-
tained a large variety of clones (79 clones) even within
the same hospital. They concluded that the outbreak
could be explained by the coexistence of epidemic and
endemic clones. In addition, Abbo et al. [9] published a
retrospective case-control study in order to understand
the epidemiology of multiresistant A. baumannii infec-
tions. They studied 118 cases (88 of these were nosoco-
mial infections). This outbreak had 51 clones; two of
whch were predominant. They concluded that there
was no temporal grouping in the cases and they ap-
peared in multiple services, the incidence increment in
an area is not due to a single clone alone and that in one
clone the strains present various antibiotypes, verify-
ing that strains with the same antibiotype may belong
to various clones. Similarly, in a recent multi-centre
study carried out in Spain, in the case of imipenem re-
sistant A. baumannii, there was a high number of
clones; a single clone was not found in any of the partic-
ipating hospitals [10].
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0

10

20

30

40

50

60

Incidence Imipenem resistance

19
95

19
96

19
97

19
98

19
94

19
99

20
00

20
01

20
02

20
03

20
04

19
95

19
96

19
97

19
98

19
94

19
99

20
00

20
01

20
02

20
03

20
04

22.2
Evolution of Antimicrobial Resistance

Invariably, one of the most alarming characteristics of
this Gram-negative bacillus is its ability to develop re-
sistance to all available antibiotics, which is even higher
than in other non-fermenting Gram-negative bacilli,
such as Pseudomonas aeruginosa.

The sensitivity patterns may vary according to envi-
ronmental factors, the evolution time of the outbreak
and the different antimicrobial strategies. Currently, in
hospitals with prolonged outbreaks or in an endemic sit-
uation, the majority of A. baumannii strains are resistant
to aminoglycosides, ureidopenicillins, third and fourth
generation cephalosporins, and fluoroquinolones; and
these antibiotics are not indicated in the empirical treat-
ment of infections in which A. baumannii is suspected.

One essential factor is knowledge of the resistance
rates to carbapenems, the empirical treatment of
choice. In fact, recently, the International Network for
the Study and Prevention of Emerging Antimicrobial
Resistance has defined the emergence of imipenem re-
sistance in Acinetobacter spp. as a “sentinel event”
which requires an urgent, coordinated response to con-
trol this multi-resistant pathogen [11]. From 1997 to
1999, SENTRY surveillance in the USA, Canada and
Latin America found 8% resistance to imipenem and
10.7% resistance to meropenem, the resistance rates
being greater in the isolations in the ICU. Another sur-
veillance carried out in the United States from 1998 to
2001 showed lower rates of resistance to carbapenems;
95% of the isolations were imipenem sensitive, 90%
meropenem sensitive.

At present, the situation is highly heterogeneous:
there may be incidental outbreaks in hospitals or out-
breaks in which 30–60% of the A. baumannii are imi-
penem resistant. These high resistance rates have been
recorded all over the world, both in developed and de-
veloping countries [12–15], affecting large hospitals in
particular. Figure 22.1 shows the incidence of A. bau-
mannii in ICUs and the imipenem resistance rates in
ICUs in Spain from 1994 to 2004.

Carbapenem resistant strains are often also resistant
to the majority of antimicrobial agents, including sul-
bactam, a q -lactamase inhibitor which acts as a bacteri-
cide against A. baumannii [16]. The sole exception is
colistin methanesulphonate (polymyxin E), a polypep-
tidic antimicrobial agent which acts as a bactericide
against several Gram-negative bacterial species, in-
cluding A. baumannii and P. aeruginosa [17]. It acts by
means of phospholipids in the bacterial cell membrane,
halting its structure. Although almost 100% of Acineto-
bacter baumannii strains are sensitive to this polypep-
tidic antibiotic, there are series for which in long term
endemic or epidemic situations, resistance has been re-
corded in 1–2% of the strains [18, 19].

Fig. 22.1. Incidence of A. baumannii in Spanish ICUs and rates
of imipenem resistance from 1994 to 2004 (ENVIN: National
Surveillance Program for Nosocomial Infection)

Consequently, this is a very alarming situation due to
the lack of therapeutic alternatives. Tigecycline, a novel
glycycline derived from minocycline, should be men-
tioned here as the only option against multi-drug resis-
tant A. baumannii that will be soon available. It has a
broad antibacterial spectrum, including A. baumannii
[20]. Clinical data are lacking in relation to the utility of
tigecycline in case of multi-drug resistant A. baumannii
infections, but it has been established that tigecycline is
active in vitro against imipenem resistant strains [21].

22.3
Mechanisms of Antimicrobial Resistance

Acinetobacter baumannii has the ability to rapidly de-
velop antimicrobial resistance. Among the factors
which influence the development of resistance, the fol-
lowing should be considered: it is a microorganism
which, throughout its phylogenetic evolution, has been
exposed to antibiotic producing microorganisms from
soil; its great ability to respond to antibiotics develop-
ing multiple resistance mechanisms; the wide use of an-
tibiotics in hospitals; and its capacity to survive in any
environment.

Resistance in A. baumannii is fundamentally carried
out by conjugation, and plasmids, transposons and in-
tegrons play an important role. The encoding genes are
located in both chromosomes and plasmids.

Acinetobacter baumannii has developed resistance
mechanisms against the majority of antimicrobial
agents. Three types of aminoglycoside-modifying en-
zymes have been recorded: acetylases, adenylases and
phosphorylases, In addition, fluoroquinolone resis-
tance is developed through mutations in the gyrA gene
and changes in the outer membrane have not been
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ruled out which would contribute to the A. baumannii
cross resistance to quinolones, aminoglycosides and all
q -lactamics [22].

With respect to resistance in the latter group, the
production of q -lactamases such as TEM 1 and 2,
CARB-5, SHV-like (penicillinase) and ACE 1–4 (ce-
phalosporinase) plays an important role. The carbape-
nems are the most efficient antibiotics in the treatment
of multi-resistant A. baumannii infections, but the ap-
pearance of resistant strains is becoming more fre-
quent.

In various geographic areas, there have been record-
ings of class B plasmids, which encode metalloenzymes
that hydrolyse all q -lactamics except aztreonam and
belong to the 1, 2, 4 and 5 IMP and 1 and 2 VIM fami-
lies. These types of enzymes are easy to detect as they
are inhibited by EDTA presence [23]. DoxA enzymes,
which also inactivate carbapenems, penicillins and
cephalosporins, do so less effectively than the metal q -
lactamases. They are very widespread and have been
involved in the development of outbreaks [24, 25], they
are not inhibited by the presence of EDTA and they hy-
drolyse cefepime more effectively than ceftazidime, for
which both antibiotics must be used to correctly identi-
fy it [26].

Other imipenem resistant mechanisms recorded in
A. baumannii are the change in the PBP2 (penicillin
binding protein), and changes in outer membrane
porin due to mutations or reduced expression (Ta-
ble 22.2).

Although A. baumannii resistance to colistin is now-
adays exceptional, susceptibility breakpoints for this
antimicrobial are not standardised by the Clinical and
Laboratory Standards Institute. Determination of the
MIC (minimum inhibitory concentration) of the
strains by means of broth microdilution methods or by
E test diffusion is required for the clinical use of colis-
tin. Strains with MIC values above 4 mg/l are consid-
ered resistant [27].

Table 22.2. Mechanisms of A. baumannii resistance to q -lacta-
mics

A. �-Lactamics: �-lactamase
TEM 1 and 2 (penicillin)
ACE 1–4 (cephalosporins)
AMP C

B. Carbapenems:
Carbapenemases

Metalloenzymes. Hydrolyze all q -lactamics expect
aztreonam: IMP or VIM family

OXA 23 (ARI-1)-27 and 40: Hydrolyze all q lactamics
Class A: It can be inhibited by clavulanic acid

Altered PBP2: Hydrolyze carbapenems
Reduced antibiotic concentration: hydrolyze carbapenems

Absence/reduced expression of outer membrane porine
Efflux pumps

22.4
Factors Which Favour Infection/Colonisation
by Acinetobacter spp. in the ICU

These infections usually appear in critically ill patients,
with long hospital stays, in particular in ICUs, and who
undergo multiple invasive procedures. It is a ubiqui-
tous microorganism and it is estimated that there is col-
onisation and not a true infection in 50% of cases [28],
which is very important since it implies a different ther-
apeutic and prognostic approach. When studies of Aci-
netobacter baumannii risk factors have been carried
out, prior exposure to antimicrobial agents appears
constantly [29–31].

The two main infections caused by A. baumannii are
bacteraemia and pneumonia. The most frequent ori-
gins of bacteraemia are the respiratory tract and ve-
nous catheters. Nevertheless, it should be pointed out
that in a third of the cases, the clinical and microbiolog-
ical criteria used to determine the origin of the bactera-
emia are not exact, which is verified when genotyping
the isolated strains from the blood and in the suspected
focus of infection [32].

Bacteraemia due to A. baumannii usually affects im-
munodepressed patients, who have received broad
spectrum antibiotherapy with long stays in the ICU and
with multiple invasive procedures. This was proven in a
cohort study designed to determine A. baumannii bac-
teraemia risk factors in which the invasive procedure
rate (the number of invasive procedures divided by the
number of days) was a predisposing factor in the multi-
variate analysis for the emergence of bacteraemia due
to A. baumannii [31].

In addition, in the literature review, we found three
studies designed to discover the risk factors for A. bau-
mannii ventilator associated-pneumonia (VAP). The
first two were carried out in an epidemic outbreak
while the third was in an endemic unit due to A. bau-
mannii. In a study by Baraibar et al. [33], A. baumannii
was isolated in only 8% of the episodes. The factors in-
dependently associated with this pathogen were: neu-
rosurgery, head trauma, acute respiratory-distress syn-
drome and aspiration. In contrast to other studies, it is
noteworthy that the use of antimicrobial agents was not
an independent determinant of A. baumannii VAP. The
identification of the aspiration is explained by the fact
that patients in ICUs are colonised with this pathogen,
and aspiration is a pathogenic mechanism which
causes the pulmonary infection. In addition, in a case-
control study carried out in the United States, the only
associated factor was prior use of ceftazidime [34].

In a third study carried out in a unit with endemic A.
baumannii, prior use of antimicrobial agents was the
only independent factor associated with VAP due to
this Gram-negative bacillus [35]. It should be pointed
out that reintubation was a statistically significant fac-
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tor in the bivariate analysis. Undoubtedly, as with rein-
tubation, the same occurred in a study carried out by
Baraibar et al. [33] with aspiration. In both cases, colo-
nisation occurred in the upper respiratory tract, and
subsequently descended, causing pneumonia, which
may be favoured by reintubation or aspiration.

Another aspect which should be analysed are risk
factors linked to the isolation of A. baumannii strains,
resistant to carbapenems, the empirical treatment of
choice. Prior exposure to third generation cephalospo-
rins and imipenem are associated independent risk fac-
tors for colonisation or infection by imipenem resistant
A. baumannii strains [36].

The admission into units with a high number of pa-
tients colonised with carbapenem resistant strains is
another factor in a study of 1,836 critically ill patients,
which shows the facility with which transmission of
this pathogen occurs [13].

Presentation of A. baumannii infections is typically
slow, both in bacteriaemia and VAP. It usually affects
patients with an average stay of 3 weeks and who have
received antibiotics over 7 days almost without inter-
ruption [31, 37, 38]. Nevertheless, it should be pointed
out that patients in endemic situations are colonised
early with A. baumannii [39], a factor which explains
the premature appearance of these patients in units in
endemic situations.

22.5
Conditions Favouring Acinetobacter spp. Spread

Acinetobacter spp. is a ubiquitous microorganism that
can survive for long periods in adverse conditions.
Moreover, humans and inanimate surfaces can be easi-
ly colonised with this pathogen. In epidemic situations,
A. baumannii may be isolated in any material or surface
around the patient (bedclothes, mattresses, curtains,
floors, drains, etc.), as well as in medical material
(phonendoscopes, laryngoscopes, respirators, etc.)
[40]. Although it is a non-spore-forming bacterium, its
survival in diverse materials such as steel and dry sur-
faces for long periods of up to several months has been
recorded, a characteristic which undoubtedly favours
the transmission of this pathogen and the persistence
of outbreaks [41, 42]. In addition to these environmen-
tal factors, multi-drug resistant strains have a greater
capacity to spread and cause epidemics than sensitive
strains, without any difference existing between them
in adhesion properties, such as haemagglutination
[43]. The factors which favour its spread are summari-
sed in Table 22.3.

Acinetobacter spp. is a normal commensal flora in
the patients’ and hospital staff ’s skin which converts
them into a reservoir of infection in hospitals in epi-
demic and endemic situations. Many parts of the pa-

Table 22.3. Factors promoting Acinetobacter spp. transmission
in the ICU

1. It can survive for long periods in inanimate surfaces
2. Heavy contamination of the environment
3. Contamination of the medical equipment
4. High rates of antibiotic resistance
5. Rapid development of resistance
6. Resistance to conventional soaps and antiseptics
7. High rates of colonised patients (especially critically ill

patients)
8. Contamination of health workers’ hands

tient’s body may be colonised with this Gram-negative
bacillus but particularly the skin, pharynx and humid
areas such as the axils, the groins or the perineum. It
should be pointed out that in a critically ill patient, the
digestive tract can be colonised, with A. baumannii be-
coming a reservoir in endemic situations, which is very
relevant, given that Acinetobacter spp. is not part of the
gastrointestinal flora.

The main form of A. baumannii transmission is
through direct contact and the hospital staff are the
main transmission means of this pathogen [44, 45]. In
addition, it has also been recorded that it can be spread
by air transmission. Thus, it has been demonstrated
that A. baumannii can be isolated at more than 4 m
away from patients with respiratory colonisation [46].
For this reason, open aspirations in patients with colo-
nisation or respiratory infection with this pathogen can
infect patients at a significant distance and therefore
should be avoided.

In addition, A. baumannii transmission has oc-
curred between hospitals. In Spain, this form of acqui-
sition represents at least 3% of the cases [8]. This
means of transmission should be noted by the nosoco-
mial infection surveillance program of every hospital,
and especially for the management of admissions from
other hospitals in epidemic or endemic situations.

22.6
Control Measures

Given that the main transmission mechanism is by di-
rect contact, measures such as handwashing and barri-
er protections should be used in order to avoid the
spread of this pathogen. Strict control measures should
be implemented including the use of gowns, gloves, and
masks. Besides, patients colonised or infected with A.
baumannii should be isolated from other patients in in-
dividual rooms [47].

An additional problem is that multi-drug resistant
strains are almost uniformly resistant to habitual anti-
septic agents such as chlorhexidine. In addition, it has
been recorded that antiseptic agent dispensers may be-
come reservoirs for A. baumannii, a factor favouring
the spread of the pathogen [48].
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The lack of strict rules with respect to washing
hands favours the spread of A. baumannii. When com-
ing into contact with a patient and their environment,
hand hygiene with alcoholic solutions is mandatory
[49, 50]. It is crucial to implement educational mea-
sures and to ensure that the alcohol-based dispensers
are easily accessible to all heath workers.

Adequate cleaning of the surroundings with hypo-
chlorite solutions is essential in order to avoid A. bau-
mannii transmission, as contamination in the sur-
roundings is an essential mechanism in the spread of
this pathogen. For this reason, we must attempt to
eradicate it from all the surfaces on which it survives
[51]. The impact of the architectural design of the units
on the spread of A baumannii is well known. Thus, after
an ICU was transformed from an open unit to enclosed
isolation rooms with handwashing facilities in each
room, A. baumannii respiratory colonisation was re-
duced in patients requiring mechanical ventilation
[52]. In this study, colonisation was only associated
with prolonged hospital stays and not with the underly-
ing characteristics of the patients.

22.7
Morbidity and Attributable Mortality

Crude mortality rates due to A. baumannii clearly de-
pend on the focus of infection; the highest rates (ap-
proximately 50%) occurring in cases of pulmonary in-
fections and bacteraemia, although related mortality is
around 35%. The explanation is that these infections
usually affect seriously ill patients and patients with
long hospital stays. Therefore, this infection is consid-
ered more as a marker of the underlying severity. There
is controversial data about attributable mortality re-
sulting from A. baumannii bacteraemia, although it is
established that this infection is associated with an in-
crease in hospital stays and the consequent rise in costs
[53].

In contrast with other Gram-negative bacilli such as
P. aeruginosa, in which it has been shown that VAP due
to this pathogen has a mortality excess [54], there are
doubts about the attributable mortality of A. bauman-
nii VAP. In a case-control study, it was shown that there
was no attributable mortality to VAP due to this Gram-
negative pathogen nor an increase in the length of hos-
pital stays after matching cases and controls according
to initial severity of illness, reason for ICU admission
and hospital length of stay. In episodes caused by imi-
penem resistant strains, a higher mortality rate was no-
ticed but without statistical significance, although only
25 cases were included [37].

Finally, it should be pointed out that A. baumannii is
a ubiquitous microorganism, which explains why in al-
most half of the A. baumannii isolations it is considered

as a mere coloniser, and not a true infection, which has
significant prognostic consequences as mortality rates
do not increase although it is associated with an incre-
ment in the length of stay and associated costs [55, 56].

22.8
Conclusions

Acinetobacter baumannii infections are a very serious
problem in hospitals all over the world, occurring
mainly in patients in ICUs. Undoubtedly, it remains un-
solved why there are some hospitals in which the occur-
rence of this pathogen is high, while in others it is prac-
tically non-existent, although this problem usually af-
fects large hospitals in which seriously ill patients are
admitted.

In any case, the epidemiology of these infections is
widely known. On the one hand, we are dealing with a
pathogen with a high survival capacity in adverse envi-
ronmental situations. As a result, colonisation may oc-
cur in inanimate surfaces, including medical material
and patients, who become the main reservoir. The
main transmission mechanism is through direct con-
tact with medical staff hands although we must remem-
ber that hospital material can help in its spread as air-
borne transmission is possible.

Multi-drug resistant A. baumannii isolation re-
quires a rapid, coordinated, multi-disciplinary re-
sponse in order to avoid its spread and eliminate the
reservoirs. It is clear that a correct antibiotic policy
would help to mitigate this growing problem.
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3. Bergogne-Bérézin E, Towner KJ (1996) Acinetobacter spp.
as nosocomial pathogen: Microbiological, clinical, and epi-
demiological features. Clin Microbiol Rev 9:148–165

4. Villegas MV, Hartstein AI (2003) Acinetobacter outbreaks,
1977–2000. Infect Control Hosp Epidemiol 24:284–295

5. Vaneechoutee M, Dijkshoorn L, Tjenberg I, Elaichouni A,
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23Brain Abscess
L.M. Mundy, S.J. Bersoff-Matcha

23.1
Introduction and Historical Perspective

Brain abscess is a focal, intracerebral infection that be-
gins as a localized area of cerebritis and develops into a
collection of pus surrounded by a well-vascularized
capsule [1]. Prior to the late 1800s, brain abscess was a
near fatal condition with most cases diagnosed post-
mortem. The initial success in the treatment of brain
abscess was surgical drainage or removal. This success
was further enhanced during and after World War II
when antibiotic therapy with penicillin and chloram-
phenicol became available. Over the past 25 years, there
has been continued reduction in morbidity and mor-
tality associated with brain abscesses due to advances
in diagnostics and treatment strategies [1–4]. Al-
though brain abscess is considered rare, there have
been an estimated 1,500–2,500 cases diagnosed annu-
ally in the United States, with an incidence that ranges
from 0.9 to 2.7 per 100,000 person-years in studied pop-
ulations [5–7]. For diagnostics, neuroimaging studies,
stereotactic brain biopsies, and aspiration techniques
have significantly contributed to the identification of
lesion(s) size, number, location, potential approaches,
and evaluation over time. New antimicrobial therapies
have simplified empiric- and pathogen-directed regi-
mens. The epidemiology of this condition has evolved
in recent years from a predominance of cases due to
otogenic brain abscess to a rise in incidence of brain ab-
scess among immunocompromised host populations
[4, 7].

23.2
Pathophysiology and Microbiology
23.2.1
Pathophysiology

The brain is rather resistant to bacterial and fungal in-
fection, given the frequency of overt and occult bacter-
emia and fungemia. This protection against seeding
during bloodstream infection may be due to the abun-
dant blood supply and relatively impermeable blood-
brain barrier formed by the capillary-endothelial tight

junctions. Through an experimental animal model, the
natural history of brain abscess formation can be cate-
gorized into four distinct, chronological stages: early
cerebritis (days 1–3), late cerebritis (days 4–9), early
capsule stage (days 10–14), and late capsule stage
(>14 days) [8, 9].

23.2.1.1
Source

1. Contiguous focus of infection. Organisms invade
the brain parenchyma usually as a consequence of
a contiguous infection of nonneural tissues such as
the middle ear, mastoids, paranasal sinuses, or soft
tissues of the face, orbit, or scalp.

2. Hematogenous dissemination. Bloodstream infec-
tion serves as a source of inoculum. Patients with
congenital cyanotic heart disease in whom venous
blood is shunted into the systemic circulation are
especially prone to brain abscess formation via this
mechanism.

3. Traumatic inoculation. Direct inoculation of bacte-
ria into the brain following penetrating brain inju-
ry is common, yet unlikely to result in brain ab-
scess formation.

4. Post-craniotomy infections. Such infections are
complications of post-surgical care.

5. Other. Congenital lesions, including dermal sinuses
and various forms of ruptured encephaloceles, may
provide direct access from microorganisms to
brain tissue. Ultimately, 20–30% of cases are cryp-
tic and have no identified route of development.

23.2.2
Microbiology

Although most abscesses are caused by a single patho-
gen, mixed infections occur in up to one-third of cases
and are especially common with otogenic infections.
Typical intracranial brain abscess sites, likely patho-
gens and predisposing conditions are summarized in
Table 23.1.

Most infections in immunocompetent hosts are bac-
terial, often polymicrobial with a combination of aero-
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Table 23.1. Typical intracra-
nial locations and pathogens
of brain abscesses associated
with identified predisposing
conditions

Predisposing
conditions

Intracranial
location

Usual pathogen Initial empiric therapya

Paranasal sinusitis
or otitis

Frontal lobe Aerobic streptococci,
anaerobes, Staphylococ-
cus aureus, Haemophilus
influenzae

Ampilicillin-sulbactam
or 3rd generation ceph-
alosporin and metroni-
dazole

Otogenic infection Temporal lobe or
cerebellum

Mixed infections;
Fusobacterium spp.,
Actinomyces spp.

3rd generation cephalo-
sporin and metronida-
zole

Hematogenous
dissemination

MCA distribution S. aureus,
Enterobacteriaceae

3rd generation
cephalosporin

Penetrating
trauma

Site of injury Streptococcus spp.,
Staphylococci spp.

3rd generation
cephalosporin

HIV Caudate nucleus Toxoplasma gondii Pyrimethamine, sulfadi-
azine, and folinic acid

HIV Varies with ‘soap
bubble lesions’

Cryptococcus
neoformans

Amphotericin B

Non-HIV immu-
nosuppression

Varies Candida albicans and
Aspergillus spp.

Amphotericin B or
caspofungin

Diabetes mellitus Varies Mucor or Rhizopus Amphotericin B

Pyogenic lung in-
fection

MCA distribution Anaerobes Penicillin G and
clindamycin

Post-craniotomy Post-surgical site

Neonates/infants MCA distribution Proteus spp. or
Citrobacter spp.

3rd generation
cephalosporin

Post-craniotomy Post-surgical site Staphylococci,
streptococci

Penicillin G

Cryptogenicb Varies Varies Broad-spectrum

MCA middle cerebral artery,
HIV human immunodefi-
ciency virus type-1 infection
a Empiric therapy: initial

therapy until pathogen
identified

b Twenty to 30% of all brain
abscess cases

bic and anaerobic organisms. These occur in both adult
and pediatric populations. In brain abscess associated
with sinusitis, Staphylococcus aureus, aerobic strepto-
cocci, Haemophilus influenzae, and anaerobes are the
most common isolates. In brain abscess associated with
otogenic sources, anaerobic bacteria are the most fre-
quent. In patients with congenital heart disease, strep-
tococci are common. In post-craniotomy brain abscess
(subdural empyema and intraparenchymal abscess),
S. aureus and Staphylococcus epidermidis are most
common. In post-trauma cases, S. aureus is the most
frequent pathogen. Among persons with HIV infec-
tion, pathogens associated with brain abscess include
bacteria, atypical bacteria, fungi and parasites; Toxo-
plasmosis gondii is the most frequent etiology for brain
abscess with enhancing lesions noted on neuroimaging
studies. In non-HIV immunosuppressed hosts, fungi
such as Candida albicans and Aspergillus spp. are much
more common. Diabetic patients are vulnerable to the
Zygomycetes infections of Mucor and Rhizopus.

23.3
Clinical Manifestations

Although the classic triad of symptoms for patients
with brain abscess is fever, headache and focal neuro-
logical deficit, less than half of patients present with all
three symptoms [10]. Instead, symptoms depend more
on the underlying condition of the patient, the size and
location of the abscess and the organisms causing the
infection. Many of the clinical manifestations of brain
abscess are nonspecific, which can lead to a delay in di-
agnosis, although most patients (>75%) have symp-
toms for less than 2 weeks at the time the diagnosis is
made [10, 11]. Headache, characterized by a dull, poor-
ly localized ache, occurs in 72–92% of patients and is
the most common presenting symptom in those pa-
tients who are able to report a history of present illness
[1, 10–12]. Fever >100°F is seen in only 40–60% of
adults and 80% of children; thus the absence of fever is
not a reliable way to rule out the diagnosis [1, 11, 12].
The presence of fever is not necessarily more likely in
those patients with worse initial mental status or with
multiple abscesses [10, 11]. In one study, patients with-
out fever tended to be older, had temporal lobe lesions
and higher mortality [10].
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Nausea and vomiting occur in about 50% of pa-
tients, probably due to increased intracranial pressure.
Other central nervous system (CNS) symptoms such as
papilledema, lethargy and stupor occur in 10–66% of
patients; these symptoms also indicate increased intra-
cranial pressure [1, 10, 12]. Patients with significant al-
tered mental status tend to have a poorer prognosis
[11]. Focal neurological deficits such as hemiparesis
(the most common focal neurological deficit in pa-
tients with brain abscess), ataxia, or aphasia may occur
in one-third to one-half of patients, and their presence
depends on the location of the abscess. Nuchal rigidity
also occurs in up to 50% of patients, and when it occurs
with abrupt onset, may indicate intraventricular rup-
ture of the abscess [1, 10, 12]. This is a serious compli-
cation associated with a very high (>80%) mortality
[1, 11]. Seizures have been the presenting symptom in
35% of patients and occur in 25–50% of cases during
initial hospitalization [10, 11].

In a 2003 study of 94 patients with bacterial brain
abscess who were admitted to an intensive care unit
(ICU), patients had neurological symptoms for a medi-
an of 9 days [13]. Presenting symptoms included fever
in 88%, headache in 68%, neurological findings in
57%, behavioral disturbances in 50% and generalized
seizures in 16%. The most common reasons for ICU
transfer included neurological deterioration in 63%,
respiratory insufficiency in 6% and hemodynamic fail-
ure in 6%; 21% of the patients were admitted directly
to the ICU after neurosurgery. Upon admission to the
ICU, the median Glasgow Coma Scale score was 11. Me-
chanical ventilation was required for 56% of patients
for neurological reasons; median duration of mechani-
cal ventilation was 13 days. The patients in this series
spent a median duration of 22 days in the ICU and a
median 32 days in the hospital [13].

23.4
Children

Children account for up to 25% of patients who develop
brain abscess, often as a complication of chronic otitis
media and/or mastoiditis. When frontal lobe abscess
occurs in children, it is most commonly seen in male
adolescents as a complication of frontal sinusitis. These
patients usually present with headache, fever, and occa-
sionally altered mental status. However, clinical find-
ings for this condition are often subtle and routine head
CT scans may initially be negative; thus a high index of
suspicion is necessary. As with brain abscess in adults,
both the brain abscess and sinusitis should be managed
surgically and with appropriate antibiotics. In neo-
nates, brain abscesses sometimes occur as a rare com-
plication of meningitis from group B streptococci or
Escherichia coli [1]. Other facultative Gram-negative

organisms such as Serratia marcescens, Proteus spp.,
Citrobacter spp., and Enterobacter spp. are rare causes
of meningitis in this age group. However, when such
pathogens are cultured from the CSF, a brain abscess is
present in >75% of cases [1]. Brain abscesses from
these organisms are also associated with a very high
mortality rate. Those who survive usually have signifi-
cant long-term neurological sequelae [1]. As with any
patient with brain abscess, infants and children should
be managed aggressively with both surgical drainage
and antimicrobial therapy.

Congenital cyanotic heart disease, particularly te-
tralogy of Fallot and transposition of the great vessels
(and any other condition resulting in a significant
right-to-left shunt), is an important predisposing fac-
tor for brain abscess in as many as 50% of children [1].
The peak incidence of brain abscess in children with
this risk factor is between 4 and 7 years of age and is
rare in children under 2 years [14]. Brain abscess asso-
ciated with congenital cyanotic heart disease may also
occur in adults. Patients who have procedures to cor-
rect the right-to-left shunt significantly reduce their
risk of brain abscess, while those patients who have pal-
liative procedures that do not completely correct the
shunt do not diminish their risk [1]. Thus, the earlier
and more completely the cyanotic heart disease is cor-
rected, the lower the risk of brain abscess. The mortali-
ty from brain abscess associated with cyanotic congen-
ital heart disease is high (30–40%) and, as with brain
abscess associated with other causes, requires both ag-
gressive surgical and antimicrobial therapy [14].

23.5
Immunocompromised Hosts

Immunocompromised hosts, including those with dia-
betes, as well as those receiving corticosteroids or other
immunosuppressive therapies, may develop brain ab-
scess due to a wide variety of etiologic agents, including
fungi, nocardia and tuberculosis. The clinical presenta-
tion of brain abscess in these patients differs from those
with pyogenic brain abscess; they are less likely to de-
velop headache or meningismus (presumably from less
inflammatory response), and are more likely to present
with fever, focal neurological deficits and seizures [1].
Since the variety of etiologic agents that could poten-
tially cause a brain abscess in these patients is so broad,
choosing empiric therapy is difficult. In such cases,
early surgical intervention is recommended so that cul-
tures can be obtained and the correct antimicrobial
agent(s) can be administered.

While the most common cause of brain mass in pa-
tients with acquired immune deficiency syndrome
(AIDS) is toxoplasmosis, patients with AIDS may de-
velop brain abscess from bacterial pathogens as well.
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AIDS patients with radiographic evidence of space-oc-
cupying CNS lesions should be started on empiric ther-
apy for toxoplasmosis with pyrimethamine (for adults,
a loading dose of 200 mg followed by 75–100 mg per
day), sulfadiazine (1–1.5 g orally every 6 h), and folinic
acid (10 mg po qd) to prevent bone marrow suppres-
sion that can occur with pyrimethamine. If the patient
deteriorates or fails to show clinical improvement after
2 weeks of treatment, a brain biopsy or aspiration via
neurosurgical or CT-guided techniques is recommend-
ed [15]. Patients with AIDS are also more susceptible to
brain abscesses due to Salmonella spp., L. monocytoge-
nes, Nocardia spp., tuberculosis, and the endemic my-
coses (cryptococcosis, coccidioidomycosis, blastomy-
cosis and histoplasmosis).

23.5.1
Diagnosis

The differential diagnosis for the clinical presentation
consistent with brain abscess includes brain abscess, ne-
crotic tumor (glioblastoma), metastatic tumor, subdur-
al abscess, sinus thrombosis, meningitis, mycotic aneu-
rysm and encephalitis. In metastatic tumors, gadolini-
um-enhanced contrast studies are more likely to reveal
irregular, diffuse borders. In conjunction with the his-
tory and physical examination, supportive data include:

1. Laboratory data. Laboratory findings are of mini-
mal assistance in the diagnosis or follow-up of
patients with brain abscess. As many as 40% of
patients have normal white blood cell counts with
only 10% of patients having leukocytosis that

a b

Fig. 23.1. Coronal (A) and sagittal (B) T1-weighted post-gadolinium sequence images showing ring enhancement of multiple
brain abscesses

exceeds 20,000/mm3. Higher leukocyte counts sug-
gest a concurrent meningitis or systemic infection.
The erythrocyte sedimentation rate (ESR), al-
though not specific, is elevated in 90% of cases; the
mean ESR in patients with brain abscess is
45–55 mm/h [1]. C-reactive protein is also elevat-
ed. Hyponatremia may occur and in most cases
indicates the syndrome of inappropriate antidi-
uretic hormone (SIADH) secretion. Blood cultures
are most often negative, but two sets should be
drawn from febrile patients because when positive
can help direct antimicrobial therapy. Lumbar
puncture is not recommended for patients with
brain abscess due to the risk of herniation. When
performed, cerebrospinal fluid (CSF) findings are
non-specific among patients with brain abscess;
25% of CSF samples reveal hypoglycorrhachia,
67–81% show elevated protein, and 60–70% show
a mononuclear pleocytosis [10]. In many cases,
CSF findings are normal, and in only 10% of cases
are CSF cultures positive. Thus, because CSF does
not routinely provide useful clinical information
and patients are at risk for potential ‘mass effect’,
lumbar puncture should not be routinely per-
formed even after neuroimaging studies have been
reviewed for open cisterns and evidence of poten-
tial or existing midline intracranial shift [1, 10].
The most reliable way to make a microbiological
diagnosis is to culture specimens obtained during
neurosurgery or CT-guided aspiration. With ap-
propriate handling of specimens (i.e., careful atten-
tion to anaerobic transport techniques and prompt
plating of culture material), aspirate or intraopera-
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tive culture yield can approximate 100% [11, 12]. In
many cases, however, antimicrobial therapy has
been initiated prior to surgery and in those patients
cultures may be negative. While the incidence of
negative cultures is greater from patients who have
already begun antibiotics, material obtained during
surgery should still be sent for Gram’s stain and
culture since findings may be helpful in guiding
selection of antimicrobial agents.

2. Initial neuroimaging studies. The most important
and expeditious part of the initial work-up for sus-
pected brain abscess is a neuroimaging study with
contrast, unless contraindicated. The majority of
brain abscesses are ring enhancing with a thinner
medial wall; intense edema is often present. Gas
within the ring-enhancing lesion is highly sugges-
tive of brain abscess. Initial neuroimaging can be-
gin with either a head CT scan or brain magnetic
radioimaging (MRI), with the selection sometimes
guided by the suspected source or nidus of infec-
tion. Theoretically, based on animal models, brain
MRI is better than head CT for detection of brain
abscess. Head CT will enhance evaluation of bone
invasion and is a quicker procedure for unstable
patients. Brain MRI is best if there is involvement
of a paranasal sinus or suspicion of venous sinus
thrombosis. The fluid-attenuated inversion recov-
ery (FLAIR)-weighted images are superior in de-
picting empyema and vasculitic CNS complications
[16]. Diffusion weighted imaging (DWI) helps
differentiate pyogenic abscess from ring enhancing
lesions of other etiologies such as toxoplasmosis or
lymphoma [16]. Pyogenic abscess has marked
hyperintense signal on DWI and reduced calculat-
ed apparent diffusion coefficient which indicates
restricted water diffusion [16]. In brain abscess,
proton magnetic resonance spectroscopy (PMRS)
reveals specific peak patterns, although this meth-
odology is not yet routinely available [16].
If non-contrast MRI is used, a rounded appearing
lesion with edema is usually visualized. The
T1-weighted image reveals hypointensity at the
central necrotic portion, surrounded by less hypo-
intensity, representative of cerebritis and edema.
The T2-weighted images show increased or variable
signal centrally surrounded by decreased signal in-
tensity and then increased intensity (edema). After
contrast the brain MRI reveals ring enhancement.
If there is a brain abscess complicated by rupture
of the abscess into the ventricle, there may be
enhancement of the ependymal surfaces.

3. Follow-up neuroimaging studies. If non-surgical
management is selected for treatment, close clini-
cal and radiographic follow-up is necessary. Serial
head CT scanning is the usual neuroimaging mo-
dality for this purpose.

a) Radionucleotide studies. Other imaging modali-
ties such as indium 111-labeled leukocyte scans
offer little to the initial or ongoing evaluation of
brain abscesses. The role of thallium-201 brain
single-photon emission computed tomography
(SPECT) is considered helpful in the differentia-
tion of toxoplasmosis (low uptake) from lym-
phoma and tuberculoma (high uptake) [17]. The
role of positron emission tomography (PET) in
brain abscess remains to be determined.

b) Cerebral angiography. This can reveal that the
lesion(s) are acellular in the central bulk.

c) Repeat head CT or brain MRI. Each of these
neuroimaging studies should reveal resolution
over time for persons receiving appropriate
therapy. As an example, in cryptococcal menin-
goencephalitis, diffuse meningeal enhancement,
ventriculitis, multiple punctuate lesions and
“soap bubble lesions” can be visualized on MRI
and resolve with targeted antifungal therapy [16].

4. Biopsy/aspiration. CT- or MRI-guided stereotactic
biopsy or aspirate of the putative brain abscess can
be both diagnostic and therapeutic. In cases of sin-
gle lesions by MRI, stereotactic biopsy is the usual
next diagnostic step [16]. Cultures and antimicrobi-
al susceptibility data can guide pathogen-directed
therapy.

23.6
Therapy

Proper management of a patient with a brain abscess
includes both antimicrobial therapy and a surgical
drainage procedure during which abscess material can
be obtained for Gram stain and culture. Since brain ab-
scesses are uncommon, there have been no randomized
controlled trials to compare different therapies. Yet,
based on the location of the abscess and previously re-
ported experiences, some recommendations regarding
therapy can be made. Bacterial brain abscesses are fre-
quently polymicrobial and the organisms isolated de-
pend to some extent on the source, location and predi-
sposing condition of the patient. However, the most
common agents isolated in patients from large clinical
series are microaerophilic streptococci (particularly
Streptococcus milleri and other streptococci) and an-
aerobic bacteria [10, 18, 19]. Other organisms such as S.
aureus and the Enterobacteriaceae have also been seen.
Thus, empiric antibiotic coverage should include anti-
microbials with activity against all these organisms un-
til material from the abscess can be obtained for culture
and organism specific antimicrobial therapy can be ad-
ministered.

Transplant recipients and patients who are immuno-
compromised from cancer chemotherapy are at risk for
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brain abscess from Aspergillus and Candida species. As
in most patients with brain abscess, therapy for these
patients should include both surgical debridement and
antifungal therapy. In those patients where recovery
from the immunocompromised state is possible, the
likelihood of survival is greatest; however, mortality re-
mains high. Diabetic patients, patients on chronic ste-
roid therapy and patients with prolonged neutropenia
are at risk for brain abscess due to mucormycosis.
These patients frequently require extensive and disfig-
uring surgical debridement in addition to treatment
with high-dose antifungal agents.

23.7
Surgery

Although there have been case reports documenting
resolution of brain abscess using antimicrobial therapy
alone [20], in most cases, both medical and surgical in-
tervention is recommended. The two most commonly
performed procedures are open craniotomy and needle
aspiration. Prior to the widespread availability of intra-
cranial radiographic imaging studies, open craniotomy
under general anesthesia was the only available proce-
dure for brain abscess drainage. Now, head CT and
brain MRI scans have made it possible to more defini-
tively localize abscesses. In addition, needle aspiration
under CT guidance is less invasive and has made brain
abscess drainage possible with local anesthesia. Open
craniotomy is now reserved for patients with multilo-
culated abscesses, multiple abscesses, abscesses that
fail to resolve with needle aspiration and abscesses
caused by resistant pathogens. While the two proce-
dures have not been compared in a controlled trial, ret-
rospective analysis indicates that neither procedure has
emerged as being superior in terms of outcome [11].
Because the closed needle aspiration is less invasive,
most patients now initially undergo the stereotactic as-
piration procedure, followed by the more invasive open
procedure if deemed necessary. Patients who do under-
go open craniotomy have not been shown to have a
higher incidence of seizures than those who have un-
dergone needle aspiration [1].

23.8
Antimicrobial Agents

When choosing appropriate antimicrobial therapy for
brain abscesses, several issues must be considered.
First, the antimicrobial agent(s) must have activity
against the likely pathogen(s). Second, consideration
must be given as to whether the agent will penetrate the
abscess cavity. Many studies have been carried out to
determine antimicrobial penetration into the CSF; yet

data regarding antimicrobial penetration into brain ab-
scess cavities is limited. The factors that predict wheth-
er an antibiotic will penetrate the CSF do not necessari-
ly also predict penetration into a brain abscess cavity
[21].

Chloramphenicol has many attractive attributes that
made it one of the standard therapies for brain abscess
for many years. It has a broad antimicrobial spectrum,
good CNS penetration, and it has been shown to have
good penetration into brain abscess cavities [10, 22].
However, because of its side effect profile, lack of avail-
able oral formulation, and because positive cultures
from abscess fluid persist in many cases despite ade-
quate drug concentrations (it is bacteriostatic against
Bacteroides fragilis [23]), it has fallen out of favor as a
first line therapy [10].

In spite of relatively poor CSF penetration, high-
dose penicillin G (>24 million units daily in adults) has
been found to reach therapeutic concentrations within
brain abscess pus [24]. One study, however, found that
after a 1-h in vitro incubation within brain abscess pus,
in some cases, greater than 90% of the drug was inacti-
vated [25]. There is limited and conflicting data regard-
ing the penetration of the semi-synthetic penicillins
(methicillin, oxacillin and nafcillin) into abscess fluid.
One study showed that methicillin was detectable in
brain abscess pus after standard dosing, but nafcillin
was not [22]. However, there are no data to suggest that
these drugs should not be used to treat brain abscess
when the organisms are susceptible. In patients with
staphylococci who are allergic to penicillin, or in cases
when the organism is resistant to methicillin, vancomy-
cin should be used [26].

Experiences with linezolid in the treatment of brain
abscess are limited as this drug does not have an indica-
tion for CNS infections. However, it has been shown to
penetrate into the brain and has been used successfully
to treat brain abscess due to Capnocytophaga spp. [27],
Nocardia spp. [28], and Peptostreptococcus spp. [29]. At
the time of this writing, there have been no reports of
daptomycin use for brain abscess.

First generation cephalosporins do not have good
CNS penetration and should therefore not be used to
treat patients with brain abscess. Third generation
cephalosporins, however, have excellent CSF penetra-
tion and many of the drugs are active against most of
the organisms that cause both meningitis and brain ab-
scess. While cefotaxime, ceftizoxime, ceftriaxone and
ceftazidime all have good CSF penetration, activity
within a brain abscess cavity cannot be inferred. Cefo-
taxime has been shown to penetrate into brain abscess
cavities at therapeutic levels, and it is active against
many of the bacteria that cause brain abscess [30].
When used for this purpose, cefotaxime should be giv-
en at high dose (3 g IV q8), in combination with metro-
nidazole. This regimen has been shown to be an effec-
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tive combination for the treatment of brain abscess [30,
31]. Ceftazidime has been shown in one study to have
good penetration into brain abscess cavities, with high
enough levels for bactericidal activity against most
pathogens including streptococci [32]. There are limit-
ed data for ceftriaxone and ceftizoxime, but they have
been used successfully in the treatment of brain abscess
in small numbers of patients [1].

Metronidazole is one of the standard drugs used in
the treatment of brain abscess. It has excellent and re-
producible penetration into brain abscess pus and it is
bactericidal against Bacteroides fragilis. Metronidazole
is useful only for treating strict anaerobes, and there-
fore must be used in combination with another agent
that has activity against both aerotolerant anaerobes
and microaerophilic streptococci, since these organ-
isms are resistant to metronidazole [33]. Side effects in-
cluding CNS toxicity (seizures, increased somnolence,
and/or peripheral neuropathy) are more frequent in
patients with hepatic insufficiency and may make it dif-
ficult to distinguish drug side effects from clinical dete-
rioration due to the underlying infection.

Imipenem has a broad antimicrobial spectrum and
has been used successfully in the treatment of brain ab-
scess [34, 35]. However, because this drug has been
known to induce seizures [36], it is usually reserved for
CNS infections due to resistant pathogens [1]. Merope-
nem is a carbapenem with a similar antimicrobial spec-
trum to imipenem, but may have fewer CNS side effects.

In addition to having good CNS penetration, the
quinolones have excellent activity against Gram-nega-
tive facultative anaerobes (including the Enterobacteri-
aceae and Pseudomonas spp.). However, quinolones
have been shown to lower the seizure threshold.

Until recently, amphotericin B was the mainstay of
therapy for brain abscess due to Candida spp., Aspergil-
lus spp. and mucormycosis. It has poor penetration into
the CNS and requires doses as high as 0.8–1.5 mg/kg/
day in patients known to have brain abscess [37]. Since
most patients with fungal brain abscess require 3 g or
more of amphotericin, concern arises over renal toxici-
ty. Some of the newer amphotericin B formulations
may be less likely to result in renal toxicity and there-
fore may be preferable to traditional amphotericin in
patients with fungal brain abscess. Voriconazole is a
newer azole that has activity against Aspergillus spe-
cies, CNS penetration and demonstrated superiority in
invasive aspergillosis compared to amphotericin B
[38]. Caspofungin is an echinocandin antifungal indi-
cated for treatment of infections due to Aspergillus and
Candida species. It is dosed at 70 mg IV on the first day
as a loading dose, followed by 50 mg IV qd. It pene-
trates into the CNS and may be preferable to amphote-
ricin B for long-term treatment because it does not
cause renal toxicity [39]. Caspofungin does not have ac-
tivity against the fungi of mucormycosis.

The definitive duration of antimicrobial therapy for
brain abscess is unknown. In clinical series of bacterial
brain abscess, most authors advocate a 6–8 week
course of intravenous antibiotics directed at the patho-
gen(s) cultured from abscess pus post-drainage. Thus,
if adequate surgical drainage is achieved, 6–8 weeks of
intravenous therapy is likely to be sufficient. Other in-
vestigators believe that intravenous courses as short as
3 weeks may be adequate [30]. In most cases, decisions
regarding duration should be individualized and based
on the patient’s response to therapy (both clinically and
radiographically), the susceptibilities of the organ-
ism(s) to the chosen antimicrobial agent and the ade-
quacy of surgical drainage. It is unclear whether oral
antibiotics upon completion of an intravenous course
are necessary; however, an additional 2–3 month
course of oral antibiotics (given upon completion of the
6–8 weeks of intravenous therapy) has been suggested
in order to prevent relapse [1].

Patients with fungal brain abscess may require a
much longer course of therapy. As part of routine fol-
low-up, patients should have both clinical examina-
tions and radiographic (head CT or brain MRI) scans
on a monthly or bimonthly basis, in order to document
resolution of the abscess.

23.9
Adjunctive Agents

The question of whether corticosteroids are useful as ad-
junctive therapy in patients with brain abscess has not
been evaluated by controlled clinical trials. Studies using
corticosteroids in animal models of brain abscess have
had conflicting results [1]. A short course of high-dose
corticosteroid therapy (given po or iv at 100 mg q 6 h,
which is rapidly tapered over 5–7 days) for patients with
increased intracranial pressure and/or impending herni-
ation may be beneficial [1]. However, studies indicate
that prolonged use of corticosteroids should probably
not be used since they have been shown in some cases to
decrease penetration of antibiotics into the abscess cavi-
ty or interfere with microbial clearance [1]. In spite of
these findings, clinical series with relatively large num-
bers of patients have shown no significant difference in
outcome in those patients who received corticosteroids
over those patients who did not [1, 10, 18]. While cortico-
steroids may be beneficial in certain circumstances, their
use should be determined on a case-by-case basis.

It has been recommended that anticonvulsant medi-
cations be given to patients, even with no previous his-
tory of seizures, as prophylaxis during treatment of
brain abscess and continuing for at least 3 months post-
surgery [1]. After 3 months, the decision regarding
whether to continue the anticonvulsants should be
based on the results of a neurological evaluation. It is
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recommended that a few months after completion of
antimicrobial therapy, patients undergo an electroen-
cephalogram. If the result is normal, discontinuation of
anticonvulsant therapy can be considered [1]. If the
electro-encephalogram is abnormal, the medication
should probably be continued [1].

23.10
Outcomes and Sequelae

The outcome of untreated bacterial abscess is usually
death. In general, morbidity and mortality vary with
location, degree of encapsulation, site of original infec-
tion, presence of complications and number of abscess-
es. In the literature, mortality has ranged from 35% to
55%, with the highest rate occurring among lesions as-
sociated with pulmonary infections [40]. In a study
from Switzerland, the overall mortality rate was only
4% [41]. This lower rate of mortality was attributed to
CT-guided stereotactic aspiration and early treatment.
In a study of patients with brain abscess requiring ad-
mission to the ICU that spanned from 1980 to 1999, the
overall death rate was 26% [13]. The authors did note
a significant improvement in mortality with time,
from more than 30% in 1980–1992 falling to 8% in
1993–1999 [13]. Interestingly, stereotactic brain biopsy
was available as of the early 1980s and the rate of open
surgical treatment did not change during the study pe-
riod. The authors could pinpoint no clear reason for the
improvement in prognosis seen with time [13].

Some complications of brain abscess result in worse
outcomes, perhaps the most ominous of which is rup-
ture of the brain abscess into the ventricular space. Pa-
tients typically present with sudden worsening of a
preexisting headache accompanied by meningismus.
This complication is usually fatal. If death is not imme-
diate, neurosurgical intervention is warranted.

In a study by Seydoux and Francioli, sequelae of
brain abscesses occurred in 44% of patients [11]. The
only factor that influenced reduction in sequelae was
the clinical presentation at admission. The sequelae of
brain abscess include recurrence of brain abscess, new
brain abscess formation, residual focal neurological
deficits and recurrent seizures. In a study of patients re-
quiring intensive care, 36% had long-term adverse
neurological outcomes; 20% had motor or sensory def-
icits, 15% had cognitive impairment, and 7% had sei-
zures [13]. In this study, patients who were admitted to
the ICU earlier in the hospitalization had better neuro-
logical function and better survival. Glasgow Coma
scale score on admission to the ICU of e 9 (indicating
poor neurological function) was an independent pre-
dictor of in-hospital mortality in this series [13]. For
recommendations on seizure prophylaxis and treat-
ment see above section on treatment.

23.11
Summary

Major advances in diagnostic and therapeutic strate-
gies have enhanced the management of brain abscess
over the past 25 years. Coordinated, strategic care
among neuroradiologists, neurosurgeons, infectious
disease specialists and ICU physicians is recommended
to optimize tailored short- and long-term care of pa-
tients with brain abscess.
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24 Falciparum Malaria
C. Feldman, G.A. Richards

24.1
Introduction

Malaria is one of the most common infectious diseases
in the world today, being the most important parasitic
infection, and Plasmodium falciparum is the organism
responsible for most of the mortality [1]. It has been es-
timated that approximately 300–500 million people
contract malaria every year, with approximately 1–2
million deaths, most of these occurring in children
[1–5]. Plasmodium falciparum, Mycobacterium tuber-
culosis and measles currently compete for the title of
the single most important pathogen causing human
morbidity and mortality [2, 3]. Infection with Plasmo-
dium falciparum has a wide variety of potential clinical
consequences [4, 6, 7].

Factors that may influence presentation include the
age of the patient, their degree of immunity to the para-
site and the duration of infection [7]. In holo- or hyper-
endemic areas, most adults and older children are par-
tially immune and the disease burden is mainly in chil-
dren in the first few years of life [7, 8]. The greatest mor-
tality is between the ages of 1 and 3 years [7]. Parasiti-
zation may be almost universal in this age group and ef-
fects range from an asymptomatic infection, to a febrile
illness, or even life-threatening disease [8]. In areas of
low endemicity, severe malaria occurs in both adults
and children and non-immune travelers and migrant
workers are also vulnerable [7]. In adults infected with
falciparum malaria for the first time, the range of clini-
cal syndromes is wide and may include specific and
multi-organ failure [8].

24.2
The Organism

Malaria is a protozoal disease caused by several species
of Plasmodium which are spread by mosquitoes of the
genus Anopheles [4]. Plasmodium falciparum is one of
the four species of Plasmodium causing human infec-
tion. The period from inoculation to the appearance of
parasitemia (prepatent period) is usually 9–13 days for
P. falciparum, but may be longer, particularly in those

who have been on ineffective prophylaxis [4]. During
feeding the female mosquito injects saliva, within
which malaria sporozoites are carried, into the skin.
Within minutes the sporozoites penetrate into hepato-
cytes and produce tissue schizonts (also known as me-
ronts). After 5–7 days, each tissue schizont has pro-
duced 30,000 daughter merozoites that enter the circu-
lation, invade erythrocytes and form ring trophozoites
[4]. Using hemoglobin as energy, development occurs
after 48 h into late trophozoites (larger and lacier in ap-
pearance), early blood schizonts (division begins) and
then mature schizonts [4]. The erythrocytes then lyse
and merozoites are released into the circulation to in-
vade other red blood cells [4]. In non-immune individ-
uals, the process is amplified 20-fold with each cycle.
When parasitemia reaches 10–15 trophozoites per mi-
croliter, it is detectable on thick blood films, ending the
prepatent period [4]. After several cycles, some tropho-
zoites differentiate into sex cells or gametocytes, which
are infectious to the mosquito. The gametocyte of P. fal-
ciparum is characteristically banana-shaped. If male
and female gametocytes are taken up by the mosquito,
they mate, migrate through the midgut wall and form
an oocyst which eventually leads to the release of about
1,000 sporozoites after 5–8 days [4]. These invade the
salivary glands of the mosquito to complete the cycle at
the next blood meal [4].

The time from first inoculation to first symptoms is
the incubation period [4]. Its length depends on the pa-
tient’s immune status and is usually 1–2 days longer
than the prepatent period. In non-immune patients,
symptoms may occur even before parasitemia is pre-
sent. The other extreme is premunition where partial
immunity is associated with asymptomatic parasitemia
[4].

24.3
Epidemiology

Malaria persists in those parts of the world where the
population of anopheline mosquitoes as well as the in-
fected human population remain above the critical
density required for sustained transmission. Approxi-
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mately 40% of the world’s population is at risk of ac-
quiring malaria, resulting in those 300–500 million
cases annually [4]. In Africa alone approximately 200
million cases occur every year, with a mortality of
about one million. In rural Africa one in 20 children die
from malaria before the age of 5 years [4]. Compound-
ing the problem of malaria control in the developing
world is the presence of drug resistance, and resistance
of mosquitoes to insecticides [4].

Malaria also afflicts individuals in Southeast Asia,
Latin America and South America. In 1992 approxi-
mately 75% of malarial infections were acquired in Af-
rica, 17% in Asia, 4% in Central America and the Ca-
ribbean and 1% each in South America, North Ameri-
ca, and Oceania [4]. In developed countries such as the
United States, malaria largely occurs as a result of im-
portation from other countries in the blood of immi-
grants, visitors, military personnel and occasionally al-
so from importation of infected mosquitoes [4].

Recently there has been renewed interest in epide-
miological aspects of falciparum malaria [9]. It is rec-
ognized that there are clear-cut distinctions between
severe and non-severe disease and between the differ-
ent forms of severe disease [10]. An important question
is why Plasmodium falciparum causes severe infection
in some, but not all, patients. This relates partly to the
age of the patient, history of prior exposure to the para-
site and various aspects of the hosts’ immune response
[7–11]. Most interestingly, it is now recognized that
many of the differences in response may relate to diver-
sity or polymorphisms in both the host and the para-
site, which may impact on disease pathogenesis and be
the major determinants of the outcome of a malarial in-
fection [8–10, 12–16]. For example, in the host, pos-
session of hemoglobin AS genotype influences the risk
of both cerebral malaria and severe anemia [9], where-
as possession of certain HLA genotypes (e.g., HLA-
B53) may be linked to resistance to these two complica-
tions [12, 13]. Susceptibility to both these complica-
tions is linked to polymorphism in the promoter se-
quence for the tumor necrosis factor (TNF) gene [15,
16], whereas susceptibility to each of these complica-
tions individually is influenced by mutations at other
sites [9]. Also, different strains of P. falciparum have
been shown to vary in their ability to induce produc-
tion of host TNF, and this may determine the clinical
severity of the infection [14]. In addition, clonal pheno-
typic variation with antigenic switching is linked to,
and may alter, adhesive properties of the parasite and
this may be an important mechanism of immune eva-
sion [8]. Finally, specific adhesive and linked antigenic
types may be associated with severe infection [1, 8].
One of the best studied genetic markers associated with
P. falciparum virulence is the erythrocyte membrane-
protein-1 family that is responsible for antigenic varia-
tion and cytoadherence of parasitized erythrocytes to

endothelial and placental syncytiotrophoblast cells.
Parasites causing severe malaria express a small subset
of these proteins that differ from those expressed by
parasites causing uncomplicated infection [1].

24.4
Severe Malaria

The salient manifestations of severe P. falciparum infec-
tion are shown in Table 24.1 [5]. There has been some
debate in the literature about the definition of both se-
vere malaria and cerebral malaria. A definition of cere-
bral malaria proposed by the World Health Organiza-
tion (WHO) reads as follows “A clinical syndrome char-
acterized by coma (inability to localize a painful stimu-
lus) at least one hour after termination of a seizure or
correction of hypoglycemia, detection of asexual forms
of P. falciparum malaria parasites on peripheral blood
smears, and exclusion of other causes of encephalopa-
thy” [17, 18]. More recently, severe malaria has been
recognized to be a complex multi-system disorder and
to have many of the features in common with severe
sepsis or a severe inflammatory response syndrome
[19, 20]. Studies of outcome of patients with falciparum
malaria in the intensive care unit (ICU) commonly re-
port that markers of severity of illness (such as the
SAPS or APACHE II score), shock, acidosis, coma, pul-
monary edema and coagulation disorders are indica-
tors of poor outcome [21]. The level of parasitemia has
not consistently been shown to be a good predictor of
outcome. Metabolic acidosis has long been recognized
as a major predictor of, as well as a significant contribu-
tor to, death [6, 20]. Whereas lactate has been consid-
ered to be the major contributor to the acidosis, un-
identified anions other than lactate have been shown,
more recently, to be even more important [22]. At-
tempts to assess severity of infection objectively have
included other markers, such as the procalcitonin level,
which has shown some promise [23].

One other consideration with regard to severe infec-
tion, at least in certain areas of the world, is the poten-
tial interaction between malaria and human immuno-
deficiency virus (HIV) infection in those patients who

Table 24.1. Manifestations of severe Plasmodium falciparum
infection

Cerebral malaria
Severe anemia
Acute renal failure
Pulmonary edema
Metabolic acidosis
Coagulation disturbances
Hypoglycemia
Hypotension
High severity of illness score (e.g., APACHE II, SAPS)
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are co-infected [24–26]. On the one hand it has been
suggested that this may be associated with increased
HIV viral replication, viral genotypic heterogeneity and
CD4 T-lymphocyte loss leading to accelerated decline in
immune function, reduced survival and increased HIV
transmission [25]. On the other hand studies have sug-
gested that HIV infection may be significantly associat-
ed with the development of severe and complicated ma-
laria [24], being associated with a high parasite burden
with the associated risk that this may potentially lead to
poor malaria control and a greater chance for the devel-
opment of resistance to anti-malarial agents [26].

24.5
Pathogenesis of Severe Disease
and Cerebral Malaria

The adhesive properties that the parasite confers on the
host’s erythrocytes appear to play a central role in ma-
laria pathogenicity [27–29]. As the parasite grows in
the red blood cells it induces the expression of surface
ligands, as well as various endothelial receptors, that
mediate adhesion to the endothelium of post-capillary
venules, which results in sequestration of the parasite
within the peripheral circulation [27, 28]. In addition,
some isolates induce expression of receptors on non-
infected red cells, leading to rosette formation, and still
others induce expression of adhesion molecules on
other parasitized cells causing auto-agglutination [27].
These phenomena can lead to reduced microcirculato-
ry flow or even obstruction to local blood flow and/or
cause local metabolic disturbances, such as the produc-
tion of lactic acid, which may manifest as organ-specif-
ic dysfunction [27–30]. Multiple endothelial receptors
have been recognized (reviewed elsewhere [30, 31]),
and it has now been demonstrated that endothelial ac-
tivation and leukocyte sequestration in the brain ap-
pear to be a feature of fatal malaria [27, 32].

A number of theories have been forwarded to more
fully explain the mechanisms of cerebral malaria [3,
27–29, 33–40]. Initially it was assumed that it was sim-
ply a mechanical effect related to sludging of parasit-
ized red blood cells within the vasculature, causing de-
creased cerebral perfusion with hypoxia [28]. Other
theories have included altered microvascular perme-
ability, secondary to malarial “toxins” or mediators
such as kinins, causing cerebral edema, but this has
largely been discounted [35]. Immunological mecha-
nisms were considered following the detection of im-
mune complexes and complement in affected brains [7,
34] and still others have investigated the possibility that
disseminated intravascular coagulation (DIC) [34] or
endotoxemia [36] may be involved.

Clarke and co-workers proposed the cytokine theo-
ry of human cerebral malaria [38–40].

They recognized that cytokines such as TNF and in-
terleukin (IL)-l when overproduced could themselves
cause clinical syndromes such as those seen in human
malaria [38–40].

Many of these may simply be manifestations of a se-
vere systemic inflammatory response syndrome. Prod-
ucts of schizogony have been shown to trigger release
of TNF and IL-l and serum levels of these cytokines cor-
relate with the severity of malaria infection, including
the presence of cerebral symptoms [38–40]. The cyto-
kine theory is also consistent with the concept of se-
questration of parasites in the cerebral circulation in
that schizogony could cause higher local levels of cyto-
kines and their products [40].

Sequestration, however, may not be essential to the
development of cerebral dysfunction according to the
cytokine theory [40]. Cytokines themselves may alter
cerebral function through the local generation of nitric
oxide (NO), which may act as a vasodilator to increase
intracranial pressure and which may also function as a
false neurotransmitter [39, 40]. Cytokines, especially
IFN * , TNF, and lymphotoxins, and chemokine recep-
tors are also said to be responsible for both blood-brain
barrier alterations and biochemical changes that may
also lead to parenchymal brain lesions [41]. It is also
important to consider that septic encephalopathy may
be a feature of any severe critical illness and may be in-
distinguishable clinically from cerebral malaria [42].

24.6
Laboratory Diagnosis of Malaria

For the laboratory diagnosis of malaria, thick and thin
blood smears should be made according to standard
procedures [4, 43]. Thick smears are 20–40 times more
sensitive and should be used for screening. Thin
smears fixed with methanol, to preserve erythrocyte
morphology, and Giemsa stained allow speciation as
well as determination of the level of parasitemia [4, 43].
Various clues to distinguish falciparum malaria on thin
smear include the finding of small tight rings, appliqué
forms and banana-shaped gametocytes.

Parasitemia should be quantified and counted on
thin smears as parasites per 1,000 red blood cells cor-
rected to percentage [4, 43]. After initiation of treat-
ment, parasitemia should be followed regularly until
resolution to confirm therapeutic efficacy. The time
from initiation of treatment until thick smears are re-
peatedly negative is called the parasite clearance time.
A number of newer techniques have been developed for
the diagnosis of malaria including quantitative buffy
coat methods, antigen detection, enzyme linked immu-
nosorbent assay, polymerase chain reaction (PCR), in-
cluding real time PCR, and indirect fluorescent anti-
body tests [4, 43–46].
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24.7
Treatment of Severe and Complicated Malaria

If possible, patients with severe or cerebral malaria
should be treated in an intensive care Unit (ICU) [6].
Treatment should be initiated as rapidly as possible,
and should not necessarily await parasitological confir-
mation of the diagnosis if this is likely to be delayed [6].
Patients should be weighed in order to determine drug
dosages accurately [6]. Careful fluid management is es-
sential and may be aided by the placement of a central
venous catheter and a urinary catheter. The impor-
tance of hypovolemia in severe malaria is well recog-
nized, particularly in children, and early recognition
and treatment may be associated with an improved
outcome [47, 48]. However, care should be taken to
avoid fluid overload with the possibility of precipitat-
ing pulmonary edema. In patients with severe hemody-
namic instability, non-invasive cardiac output moni-
toring may be of value. A recent meta-analysis of ex-
change transfusion as adjunctive management of se-
vere malaria concluded that there was no evidence of
an increase in survival with its use [49]. However, the
authors indicated that there were substantial problems
with the comparability of the two treatment groups and
suggested that only a randomized controlled trial
would give definitive answers. Hyperpyrexia >38.5°C
should be treated with tepid sponging, fanning and a
cooling blanket [6].

The drug treatment of severe or complicated malar-
ia is shown in Table 24.2 [1, 4–7, 50, 51].

Table 24.2. The parenteral
treatment of severe and
complicated falciparum
malaria

Drug Regimen

Chloroquinea Chloroquine 10 mg base/kg by constant infusion over 8 h followed by 15 mg
base/kg over 24 h

Quinine
(intravenous)

Quinine dihydrochloride salt 20 mg/kg intravenously in 200 ml 5% dex-
trose and/or saline over 4 h (loading dose) followed by quinine dihydroch-
loride salt 10 mg/kg infusion over 4 h every 8 h (maintenance dose) begin-
ning 8 h after start of the loading dose, until patient can take oral medica-
tion

ALTERNATIVEb

Quinine dihydrochloride salt 7 mg/kg intravenously over 30 min (loading
dose) followed immediately by 10 mg/kg infusion over 4 h repeated 8 hour-
ly (maintenance dose) until patient can take oral medication

Quinidine
(intravenous)

Quinidine base 15 mg/kg intravenously over 4 h (loading dose) followed by
quinidine base 7.5 mg/kg over 4 h (maintenance dose) every 8 h beginning
8 h after start of loading dose, until patient can take oral medication

ALTERNATIVEb

Quinidine base 10 mg/kg intravenously over 1–2 h (loading dose) followed
immediately by 0.02 mg/kg/min by infusion (maintenance dose) for 72 h or
until patient can take oral medicationc

Artemesinin
derivatives

Artesunate 2.4 mg/kg IVI or IM bolus initially followed by 1.2 mg/kg at 12 h and 24 h
then 1.2 mg/kg daily for 5–7 days
OR

Artemether 3.2 mg/kg IM initially followed by 1.6 mg/kg IM daily for 5–7 days

a For the parenteral treat-
ment of severe malaria in
cases of drug-sensitive in-
fections; if any doubt treat
as for resistant infections

b Alternative regimens sug-
gested particularly in the
ICU setting

c The same dosing regimen
has also been reported for
the quinidine salt [5]

Chloroquine is only used in areas where the infec-
tion is definitively known to be sensitive to this agent.
Parenteral antimalarial drugs are recommended ini-
tially in most cases, at least until there is clear evidence
of clinical improvement and oral medication is able to
be tolerated [4, 6, 7, 51].

Parenteral quinine is the drug of choice in most of
the tropical world. In some countries, such as in the
United States, quinidine may be the drug of choice. An
intravenous loading dose of either agent is recom-
mended to achieve therapeutic levels rapidly since
most deaths occur within the first 48 h [4, 6, 7, 50–52].
A total of 7 days medication is required, which may be
completed with oral quinine or quinidine.

Artemisinin and its derivatives, although not yet li-
censed in many areas, appear to be exciting new agents
for the treatment of severe and multidrug-resistant ma-
laria [53–71]. This group of drugs is being used more
commonly and it has been suggested that these agents
may be the drugs of choice for severe malaria because
of their efficacy and safety [53–71]. Artesunate is water
soluble and may be given intravenously or intramuscu-
larly, while artemeter is oil-based and is given intra-
muscularly [61]. Both preparations come in supposito-
ry form and may be given rectally, which has also been
shown to be effective in the treatment even of severe
malaria [59–62]. However, there is growing concern
about the development of resistance to these agents,
which is already beginning to emerge [72–74]. This, to-
gether with the fact that these agents have a short half-
life, has led to the recommendation that they always be
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given with another agent such as mefloquine, doxycy-
cline or clindamycin, which may be associated not only
with a better and/or more rapid cure of the infection,
but also limit the development of resistance [5, 53, 63,
75].

Combination therapy with various drugs with dif-
ferent modes of action is increasingly being recom-
mended for the treatment of malaria and a number of
new combinations are at different stages of develop-
ment [1, 75]. Additional drugs that are sometimes rec-
ommended as combination therapy with quinine in-
clude antibiotics such as the macrolides (e.g., azithro-
mycin), doxycycline or clindamycin, which should be
added particularly in areas of intense quinine resis-
tance or where prolonged treatment with quinine
would otherwise be necessary [50, 75]. Tetracyclines
are contraindicated in pregnancy and childhood.
Where initial response to therapy is poor, halofantrine
or mefloquine have been recommended [6, 7]. Other
agents that have been used in treatment of malaria, but
which are now no longer recommended, include dexa-
methasone, mannitol, heparin and dextran [3, 6, 76,
77].

24.8
Cerebral Malaria

In many parts of the world cerebral malaria is said to be
the most common clinical presentation of severe ma-
laria in man, with a mortality in the region of 20%, or
greater, and accounting for 80% of deaths [6, 7]. How-
ever, in some parts of Africa, anemia is a more common
severe manifestation particularly in children. Patients
fulfilling the criteria for cerebral malaria [3, 6, 17, 18]
manifest features of a diffuse symmetrical encephalop-
athy.

In adults cerebral malaria tends to develop after sev-
eral days of fever and other non-specific symptoms [3,
7]. In children it tends to be more acute in onset, usual-
ly after less than 2 days [3, 7]. It may start dramatically
with a generalized convulsion followed by persistent
unconsciousness. Post-ictal coma should resolve with-
in 30 min, but coma due to cerebral malaria usually
persists more than 24–72 h. The most common neuro-
logical picture of cerebral malaria is that of a bilateral
symmetrical upper motor neuron lesion with increased
muscle tone and reflexes [7].

Various forms of posturing may be observed, in-
cluding decerebrate and decorticate rigidity [6, 7].
These may occur in hypoglycemic and normoglycemic
patients. While neck rigidity and photophobia do not
tend to occur, mild neck stiffness is not uncommon [3,
6, 7]. Neck retraction and opisthotonus may, however,
occur in both adults and children [7]. Corneal and eye-
lash reflexes and papillary responses are usually nor-

mal in adults, but disorders of conjugate gaze are com-
mon [6, 7]. The gag reflex is usually maintained but ab-
dominal reflexes are invariably absent. This latter may
be a valuable clinical sign [6, 7]. Papilledema is not a
feature of cerebral malaria, probably reflecting the fact
that raised intracranial pressure is not found in the
majority of patients early in the course of the illness [6,
7, 78]. Forcible jaw closure and bruxism are common
[6, 7].

Studies in children recovering from cerebral malaria
have shown neurological sequelae in approximately
10% or more of cases and these occur especially with
infections that were complicated by hypoglycemia [3,
7]. Hemiplegia, cortical blindness, behavior distur-
bances, cranial nerve lesions, extrapyramidal tremor,
polyneuropathy, mononeuritis multiplex, Guillain-
Barre syndrome, and prolonged coma have all been de-
scribed as neurological sequelae of patients with cere-
bral malaria [3, 7].

The APACHE II severity of illness scoring index has
been used to predict the mortality of patients with cere-
bral malaria. In one study, a cut-off of 24 stratified pa-
tient mortality with an accuracy of >95%. In that
study, high APACHE II score, deep unconsciousness,
acute renal failure and acidemia were identified as poor
prognostic factors [79].

24.9
Convulsions

Convulsions may occur in as many as 50% of cases of
cerebral malaria and are more common in children [6].
In children it may be difficult to differentiate febrile
convulsions from those due to cerebral malaria and the
possibility that they may be related to hypoglycemia
should also always be considered [6]. Convulsions are
usually generalized, but other types, including focal
seizures, may occur [6]. Generalized convulsions ap-
pear to impact negatively on the outcome.

The role of prophylactic anticonvulsants in patients
with cerebral malaria is under investigation. Once sei-
zures occur they should be managed in the usual way
[6, 80]. Treatment is initially with lorazepam 0.1 mg/kg
or midazolam 0.2 mg/kg intravenously, together with
maintenance of the airway and appropriate cooling of
the patient [6, 80]. Studies of generalized convulsive
status epilepticus have suggested that 0.1 mg/kg loraze-
pam, or 15 mg/kg phenobarbital, or diazepam 0.15 mg/
kg followed by 18 mg/kg phenytoin, are all acceptable
initial treatment regimens; however most people would
treat status with lorazepam initially followed by mida-
zolam (0.2 mg/kg then infusion at 0.1 mg/kg/h) or pro-
pofol (5 mg/kg then infusion at 30 µg/kg/min) if not
successful [80].
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24.10
Severe Anemia

The occurrence of anemia is invariable in patients with
severe falciparum malaria [6, 7].

It is due to hemolysis of parasitized red blood cells,
shortened survival of unparasitized cells and bone
marrow dysfunction [6]. Certain red cell enzyme de-
fects, such as G6PD deficiency, may increase suscepti-
bility to antimalarial induced oxidant-mediated hemo-
lysis. Coombs positive hemolytic anemia and microan-
giopathic hemolytic anemia also occur [6]. It is recom-
mended that patients should be transfused if the he-
matocrit falls below 20% [6]. Specific clotting factors
should be administered as needed [6]. Transfusions
should be carefully monitored to prevent fluid overload
with its associated complications and in some patients
low dose loop diuretics (e.g., furosemide 20 mg) may be
administered during the transfusion to prevent its oc-
currence [6].

24.11
Blackwater Fever

This was previously described as the occurrence of un-
usually severe intravascular hemolysis with other se-
vere manifestations of falciparum malaria, including
renal failure, hypotension and coma, despite relatively
low levels of parasitemia [6, 7]. The condition was at-
tributed to some form of immunological response to
quinine or one of the other anti-malarial agents, but it
is also possible that it may have represented unrecog-
nized G6PD deficiency [6, 7]. No special treatment of
hemoglobinuria is currently recommended, although
alkalinization of the urine may be desirable [6].

24.12
Renal Failure

Some degree of renal dysfunction, as manifested by a
raised serum creatinine, is common in patients with se-
vere falciparum malaria [81, 82]. This may be related to
hypovolemia and blackwater fever, but more common-
ly occurs in association with severe malaria in which
the mechanism is said to be a reduction in renal capil-
lary blood flow [6].

A variety of glomerular lesions have been described;
however the clinical course of all three forms of renal
failure is usually that of acute tubular necrosis [6, 7, 82].
The management is similar to that of renal failure in
other critical care settings [83, 84]. Attention should be
given to fluid status, electrolytes and acid-base balance.
If there is anuria or oliguria after fluid replacement, in-
creasing intravenous doses of furosemide should be

given in an attempt to increase urine output [6].
Whereas the absolute indications for dialysis are simi-
lar to those of other situations and include severe hy-
perkalemia, fluid overload, metabolic acidosis and ure-
mia, continuous dialysis should be initiated early, prior
to the development of fluid overload, and not be dictat-
ed by an arbitrary metabolic parameter such as creati-
nine [6, 83, 84].

It has been recommended that the doses of antimalar-
ials should be reduced in patients with renal failure [6].
This was based on the observation of high plasma con-
centrations of quinine in patients with renal failure.
However, this was probably due to impaired hepatic
clearance as a consequence of severe infection, rather
than impaired renal clearance, which has not been docu-
mented to occur even in patients with moderately elevat-
ed serum creatinine levels [6]. A suggested dosing regi-
men is as follows: initial dose 20 mg/kg of intravenous
quinine dihydrochloride (salt) over 4 h followed by
10 mg/kg every 8 h [6]. The infusion volume may be re-
duced to 50–100 ml of 5% dextrose. After the second day
the dose should be reduced to 5 mg/kg eight hourly [6].

Hemodialysis removes quinine and in this situation
the dose should remain 10 mg/kg every 8 h [6]. There
does not appear to be a need to alter the dose of chloro-
quine in patients in renal failure, even in those on he-
modialysis [6].

24.13
Pulmonary Edema

This is a particularly serious consequence of severe fal-
ciparum malaria and is often fatal [6, 7]. It is similar in
most respects to the acute respiratory distress syn-
drome (ARDS), and hyperparasitemia (>10%) and
pregnancy are important predisposing factors [6]. The
pathogenesis is not entirely clear, but as it is associated
with a normal/low pulmonary capillary wedge pressure
it is most likely due to an increase in pulmonary capil-
lary permeability, as occurs with ARDS [6, 7]. The first
indication of the onset of this condition is an increase in
the respiratory rate, which precedes the development of
any of the other chest signs [6, 7]. Careful fluid manage-
ment is the cornerstone of the prevention and manage-
ment [6]. Hemodynamic monitoring by means of a cen-
tral venous catheter or a non-invasive cardiac output
monitor may aid in management of fluid status.

24.14
Metabolic Acidosis

Metabolic acidosis is common in patients with pulmo-
nary edema, although it may also occur in its absence
[6]. The mechanism is not entirely certain and it may
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occur even in the absence of significant hypoxia or hy-
poperfusion [6]. It appears to be due to tissue hypoxia as
a consequence of stagnant flow of parasitized red blood
cells through capillary beds [6]. Other factors may in-
clude impaired hepatic blood flow (a site of lactate dis-
posal) and high cytokine levels (TNF leads to lactate
production) [6]. In addition, the malaria parasite itself
produces large amounts of lactate as a by-product of
glycolysis. The possible important role of unidentified
anions other than lactate has been described above [22].
The acidosis of severe bacterial sepsis appears to involve
peroxynitrite induced mitochondrial dysfunction and it
is possible that a similar mechanism is involved with se-
vere malaria [85]. Therapy should include correction of
hypotension and hypoxemia, if present [6]. Whether
correction of an acidosis improves outcome is not
known. It should only be corrected if the pH falls below
7.15, if at all, since infusion may worsen pulmonary ede-
ma due to the large sodium load [6]. The prognosis of
patients with severe lactic acidosis is poor [6].

24.15
Hyperthermia

Progressively increasing body temperature may be as-
sociated with convulsions, delirium and coma [6].
High fever increases metabolic demand, which may
further compromise tissues damaged by stagnant cap-
illary blood flow [6]. Heat stroke may be associated
with permanent neurological sequelae [6]. Patients
with cerebral malaria often improve with a decrease in
the temperature, which may be achieved by tepid
sponging, fanning and cooling blankets [6].

24.16
Coagulation Disturbances

While thrombocytopenia is very common in severe fal-
ciparum malaria, in most cases it does not appear to be
an indicator of disseminated intravascular coagulation
as it usually occurs in the setting of normal coagulation
and without evidence of bleeding [6, 7]. It appears that
the previous concerns of an important pathogenic role
for DIC in severe falciparum malaria were exaggerated
and that full blown DIC with bleeding probably only oc-
curs in 5% or less of patients with severe malaria [6, 7].

24.17
Hyperparasitemia

Patients with a blood parasitemia of >10% were previ-
ously said to be at increased risk for the complications
of severe malaria, which was said to be proportionate to

the degree of parasitemia [6]. It was further recom-
mended that patients with hyperparasitemia should
have an exchange blood transfusion [6, 86]. This rec-
ommendation was not based on large prospective ran-
domized studies, but followed individual case reports
and is confounded in some cases by patients with ma-
laria with higher levels of parasitemia who recover
without transfusion and in others by the fact that total
parasite burden may not be reflected in the peripheral
smear [4, 6, 86]. In addition, as described above, a re-
cent meta-analysis of exchange transfusion in the liter-
ature, while acknowledging problems with the studies
reviewed, concluded that there was no evidence, in gen-
eral, of its benefit [49]. It has also been noted that facili-
ties for full exchange transfusions (6–8 units of blood)
are often not widely available, although in these situa-
tions it was previously suggested that partial exchange
transfusion (e.g., 4 units) could be undertaken [3, 6].

24.18
Hepatic Dysfunction

While abnormalities in “liver function tests” are quite
common in patients with severe malaria, true hepatic
dysfunction is uncommon and if present is mild [6].
Raised bilirubin levels are often noted and are mostly
due to hemolysis [6]. Raised serum levels of aspartate
aminotransaminase may also be associated with hemo-
lysis. Occasional patients with severe falciparum ma-
laria do, however, have marked jaundice with raised se-
rum levels of both aspartate and alanine aminotrans-
ferases in addition to prolonged prothrombin time [6].
These patients may have true hepatic dysfunction con-
tributed to by hemolysis and DIC [6].

24.19
Hypoglycemia

Hypoglycemia is a commonly reported complication in
severe malaria [6, 7]. It occurs in two situations in par-
ticular [6, 7, 87]. Firstly it may occur in pregnant wom-
en, where in addition to neurological sequelae it may
also cause fetal distress [6, 7]. Unless it has been pro-
longed and very severe it is associated with a good
prognosis and responds well to glucose administration.
Secondly, hypoglycemia may occur in severely ill pa-
tients and be associated with severe anemia, jaundice,
hyperparasitemia, lactic acidosis and coma [6, 7]. Qui-
nine-induced stimulation of insulin release may be an
important mechanism, but other factors, including glu-
cose consumption by the parasite, may be contributory
[6, 7, 87]. Other mechanisms that have been considered
as possible causes of hypoglycemia include depleted
hepatic glycogen stores and inhibition of hepatic gluco-
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neogenesis [7]. Many of the usual clinical features of
hypoglycemia are absent, or are masked by, or inter-
preted as the symptoms of malaria, but whenever the
level of consciousness deteriorates in patients with ma-
laria, hypoglycemia should be suspected [6, 7, 87]. Glu-
cose requirements may be high and infusions of 50%
glucose followed by 10–20% glucose, preferably
through a central venous catheter, may be required to
maintain adequate blood levels [6].

24.20
Bacteremia/Septicemia

Gram-negative microorganisms are frequently cul-
tured from the blood of patients with severe malaria [6,
7]. While there is often no apparent source for these or-
ganisms it is possible that they may arise via transloca-
tion through ischemic bowel. In addition these patients
often have central venous and urinary catheters in
place [6, 7]. The manifestations of bacteremia vary
from asymptomatic to severe sepsis with shock [6].
One study has shown a high incidence of bacterial in-
fection in patients with falciparum malaria presenting
in shock [88]. The previously described “algid malaria”
is very reminiscent of Gram-negative sepsis and it has
been suggested that they may represent one and the
same condition [6, 7]. Many authorities recommend
both conventional antibiotics and antimalarial agents
in the initial therapy of patients with severe malaria [6].

24.21
Gastrointestinal Bleeding

This complication has been noted particularly in pa-
tients who have been given high-dose corticosteroids,
and is thought to be due to gastric erosion [3, 6, 76]. It
should be treated in the usual way together with the in-
fusion of fresh blood [6].

24.22
Aspiration Pneumonia

This complication may occur in any patient with a de-
creased level of consciousness and is particularly com-
mon in severe malaria since these patients often vomit
[6]. The latter may be associated with convulsions or be
due to anti-malarial agents. Antiemetics may be given
but their efficacy has not been consistently demon-
strated [6].

24.23
Special Considerations in Pregnancy

Falciparum malaria is a particularly dangerous disease
in pregnancy, especially during the second and third
trimester [6]. The mortality of cerebral malaria is ap-
proximately 40% in pregnant women and both mother
and fetus may die despite aggressive treatment [4, 6].
Pregnant women are at particular risk of hypoglycemia
and pulmonary edema [4, 6]. The exact mechanism by
which pregnancy enhances the susceptibility to, and
the risk of, complicated disease is not certain. However,
red cells containing mature forms of the asexual para-
sites are found in the placenta, being a key feature of
maternal infection with P. falciparum, and are associat-
ed with significant compromise of placental function
[6, 89]. Placental parasites express different surface li-
gands that facilitate immune evasion and their adhe-
sion to specific placental molecules [89]. Treatment
should start immediately and the potential teratogenic
or abortifacient properties of quinine and chloroquine
in this severe situation should be ignored and in any
case are considered by many authorities to have been
largely exaggerated [4, 6, 7, 90]. Blood glucose levels
should be measured frequently and, where possible, fe-
tal monitoring should be undertaken [6]. Some clini-
cians favor cesarian section or induction of labor if the
fetus is viable [6].

24.24
Special Considerations in Children

Children tend to have a shorter disease course and pro-
gress much more rapidly than adults to severe malaria
[4]. Hypoglycemia, seizures, severe anemia and sudden
death are more common, whereas renal failure, pulmo-
nary edema and jaundice are less likely than in adults
[4, 6, 7]. Although respiratory distress does not appear
in the original WHO definition of severe malaria, it is
recognized by clinicians treating children with malaria
as an important sign which is not usually due to pulmo-
nary edema or ARDS [91–93]. It has also been termed
the malaria hyperpneic syndrome [91]. Possible causes
include cardiac failure, coexistent pneumonia, direct
sequestration of parasites in the lungs, or a sign of cere-
bral malaria [93]. It is important to remember that the
clinical features of pneumonia and malaria, both com-
mon causes of childhood morbidity and mortality in
the developing world, overlap considerably and many
children fulfilling the WHO criteria for pneumonia
may actually have malaria [9, 94]. The majority of cases
of respiratory distress in children are associated with
lactic acidosis and this is well documented as a poor
prognostic factor [93, 95]. After cerebral malaria,
9–26% of children may have neurologic sequelae of
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which half will resolve completely [3, 4, 96]. Hypoglyce-
mic children are at greater risk of neurologic sequelae
and/or death [4]. It is important to remember in the
treatment of children with malaria that drug dosages
need to be modified [4].

24.25
Conclusions

The enormous cost in lives, as well as the cost of treat-
ment, makes malaria a considerable socioeconomic
burden. Control of the disease through control of para-
site and insect vectors has become largely ineffective
due to mosquito and parasite mutation with subse-
quent development of resistance, together with a
change in the social behavior of the host [97]. The need
for effective control measures has never been greater
[97–99]. Measures to achieve this should include pre-
vention, such as insecticide impregnated bednets and
mosquito repellents as well as targeted chemoprophy-
laxis, and provision of easy access to early treatment
once infection occurs [97, 98, 100].

Measures for the future include the possibility of a
vaccine which could be anti-parasite or even anti-dis-
ease, a variety of which are currently being tested
[101–109]. However, a recent Cochrane meta-analysis
[110] of some of the studies of currently available vac-
cine candidates suggested that they were not yet opti-
mal. The possible substantial socioeconomic savings
that would occur with effective vaccine use underlies
the need for emphasis on immunoprophylaxis.
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25Toxic Shock Syndromes
K.B. Laupland, H. Dele Davies

25.1
Introduction

Staphylococcal toxic shock syndrome (TSS) was first
described in seven children aged 8–17 years by Todd et
al. in 1978 [1]. It shortly thereafter became well known
as an illness of menstruating women who used tam-
pons [2, 3]. The syndrome is characterized by rapid on-
set of fever, hypotension, and multisystem failure with
desquamating rash occurring in convalescence [4]. The
majority of early cases reported were menstrually asso-
ciated (MTSS) but this has been changing with an in-
creasing proportion of cases non-menstrually associat-
ed (NMTSS) [5].

In the late 1980s, cases of severe invasive group A
streptococcal (GAS) infections associated with a simi-
lar clinical presentation to staphylococcal TSS began to
appear in the literature [6–8]. This streptococcal toxic
shock-like or streptococcal toxic shock syndrome
(STSS) shares in common features of fever, shock, and
multisystem organ failure with staphylococcal TSS [4,
9]. In contrast, STSS has no menstrual association, is
more common at extremes of age and is a much more
lethal condition compared to TSS with case fatality
rates of approximately 50% as compared to 5–10% re-
spectively [5, 10–14]. STSS is occasionally associated
with the severe soft tissue infection necrotizing fascii-
tis, which has been popularly called “flesh eating dis-
ease” by the media [15].

25.2
Epidemiology
25.2.1
Staphylococcal Toxic Shock Syndrome

There have been significant changes in the rates of TSS
since its first description nearly three decades ago. In
the early 1980s the incidence peaked and there was
much public awareness [14]. Case-control studies iden-
tified white race, young women (under 20 years), barri-
er contraceptives, and use of tampons, particularly the
superabsorbent variety Rely brand, as risk factors for
acquiring TSS [2, 16–18]. The Rely brand tampon was

withdrawn from the market in 1980 and there was a
temporally associated decrease in TSS incidence from
rates of approximately 10 per 100,000 young women in
1980 to 1 per 100,000 in 1986 [2, 14, 19–21].

Following the initial identification of MTSS cases,
there were increasing numbers of NMTSS cases re-
ported. The majority of NMTSS cases are nosocomially
acquired and the sources of infection may be either
genital, such as with postpartum or contraceptive dia-
phragm associated illness, or non-genital such as with
postoperative wound infection, burns, cellulitis, and
rarely necrotizing fasciitis [5, 22, 23]. Since the mid
1980s rates of NMTSS have been similar to those for
MTSS. The overall incidence of TSS has been less well
documented since the late 1980s but rates did not evi-
dently increase for years after until just recently when
an increase in cases was noted in the Minneapolis-St.
Paul (Twin Cities) area in the United States [24, 25]. The
case fatality rate for TSS is lowest for vaginally associat-
ed disease in young females under 15 years old (2%)
and highest in men (17%) and non-vaginally associat-
ed cases in women (13%) over 45 years old [26].

25.2.2
Streptococcal Toxic Shock Syndrome

Invasive GAS infections, defined as the isolation of
Streptococcus pyogenes from normally sterile sites such
as blood or cerebrospinal, pleural, or deep tissue aspi-
rate fluid, have re-emerged in recent decades as signifi-
cant causes of severe infections. These infections were
common until the middle of the twentieth century but
then decreased in incidence for poorly defined reasons.
The global burden of invasive GAS disease is estimated
at more than 600,000 cases yearly with rates dramati-
cally higher in less developed countries [27]. Popula-
tion-based studies have shown that invasive GAS dis-
ease in Europe and North America occurs at an inci-
dence of 2–5 per 100,000 [10, 13, 28, 29]. Among cases
of invasive GAS infection, STSS occurs in approximate-
ly 5–15% (incidence of 0.2–0.7 per 100,000 popula-
tion) and necrotizing fasciitis in 3–6% [12, 13, 29, 30].

Although early studies suggested that STSS was
more common among healthy young individuals, pro-
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spective population based studies have demonstrated
that this is not the case [8, 10, 11, 13]. The risk for devel-
opment of STSS is highest in the elderly and those with
chronic underlying illnesses [10, 13]. Important risk
factors for development of invasive GAS infection and
STSS determined by population-based studies include
extremes of age, black as compared to white race, and
coexistent HIV infection, malignancy, heart disease, di-
abetes, lung disease, and alcohol abuse [10, 12, 28]. Skin
trauma or breakdown is observed as a preceding event
to invasive GAS disease in approximately one-third of
cases but the relative risk associated with this is un-
known. In children, varicella is the most important
documented risk factor for acquisition of invasive GAS
disease and necrotizing fasciitis [10, 12, 13].

Approximately one-half of patients with necrotizing
fasciitis have concomitant STSS, although only one-
quarter of cases of STSS have necrotizing fasciitis [10,
12, 15]. The most common foci of infection associated
with STSS include soft tissue infection, pneumonia,
bacteremia with no focus, and septic arthritis [10]. The
case fatality rate of invasive GAS infection is markedly
increased when associated with STSS, with rates of
45–81% identified in population based studies [10, 12,
28, 29]. Necrotizing fasciitis in the absence of criteria
for STSS does not increase the case fatality rate above
that for invasive GAS infections alone.

25.3
Etiology and Pathogenesis
25.3.1
Staphylococcal Toxic Shock Syndrome

TSS is caused by toxigenic strains of Staphylococcus au-
reus. The evidence supporting a toxic pathogenesis in
TSS includes the clinical findings of multisystem in-
volvement in the absence of systemic infection (posi-
tive blood cultures in less than 10% of cases) and the
ability to reproduce a TSS-like illness in rabbits using
purified S. aureus toxins [5, 31, 32]. There is strong evi-
dence implicating toxic shock syndrome toxin-1
(TSST-1) and the staphylococcal enterotoxins as the
etiologic agents of TSS [33]. TSST-1 was identified in-
dependently by Bergdoll et al. and Schlievert et al. in
1981 and its role in TSS is widely accepted [34, 35]. This
protein is produced by over 90% of MTSS isolates and
the majority of NMTSS isolates [33, 35]. The staphylo-
coccal enterotoxins are commonly co-produced with
TSST-1 and are likely responsible for the syndrome in
non-TSST-1 producing isolates from TSS cases [33, 36].
Staphylococcal enterotoxin B is produced by the major-
ity of NMTSS isolates in which TSST-1 is not produced
and is likely the cause of the disease in these cases [5,
36–38]. TSST-1 negative TSS has a higher case-fatality
rate which may reflect the higher rate of co-morbid

medical conditions typical of NMTSS patients or the
different toxins mediating the illness [33].

It is not clear why TSS emerged as a “new” complica-
tion of S. aureus infections in the late 1970s. Retrospec-
tive studies have identified that S. aureus has had the
ability to produce TSST-1 since at least the 1950s [39].
The onset of MTSS in the 1980s appears to be closely re-
lated to the use of superabsorbent tampons, as these
products probably increase the risk of MTSS by altering
the vaginal milieu to encourage S. aureus colonization
and promote toxin production. In vitro studies of
TSST-1 expression by S. aureus have identified that pro-
duction is highly variable according to the environ-
ment and that an aerobic, pH neutral, low magnesium
environment optimizes toxin production [40]. Tam-
pons may increase the risk of TSS by promoting these
conditions. A recent study conducted in North America
found that colonization by TSST-1 producing S. aureus
strains was common in young women and that most
had neutralizing titers of antibodies [41]. It is less clear
which factors have been involved in the development of
NMTSS. It is possible that this condition has been pre-
sent at a low baseline rate for many years but not widely
identified until surveillance for MTSS brought it to at-
tention. MTSS and NMTSS appear to be distinct micro-
biologically as one clone appears to be responsible for
the majority of cases of MTSS whereas isolates from
NMTSS are heterogeneous [42].

TSST-1 and the staphylococcal enterotoxins are su-
perantigens which induce widespread immune activa-
tion and subsequent shock [43–45]. In the usual cell
mediated immune response, T cells recognize antigen
presented by the major histocompatibility complex II
positive antigen presenting cells with high specificity.
The population of T cells that respond are selected
based on the specificity of their T cell receptor, which is
determined by the combination of the variable gene
segments V [ , V q , J [ , J q , and D q [43]. However, super-
antigens bypass the usual antigen presenting process
and activate T cells based on V q specificity alone [43,
46]. This leads to a relatively non-specific activation of
large populations of T cells. For instance, TSST-1 is V q 2
restricted and may stimulate up to 50% of all T cells
[47]. The result of this activation is the release of potent
mediators of inflammation including interleukins 1
and 6 and tumor necrosis factor, which ultimately lead
to the clinical manifestations of TSS.

25.3.2
Streptococcal Toxic Shock Syndrome

The pathogenesis of STSS is less well defined than TSS
and it appears to be related to both the invasiveness of
the organism as well as to the systemic toxins it pro-
duces. Identification of virulence determinants is fur-
ther complicated by the fact that the same strains that
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cause severe invasive disease are commonly non-dis-
ease associated, and that there is considerable hetero-
geneity among isolates from different cases of STSS
[48]. Unlike in TSS where systemic effects are observed
typically in association with a localized infection, STSS
is characterized by severe bacteremic infection typical-
ly in with a rapidly progressive local focus of disease.
No single factor has been identified that enables S. pyo-
genes to aggressively invade tissue but potential viru-
lence determinants include M proteins and enzymes
such as streptokinase, hyaluronidase, deoxyribonucle-
ases, and proteinases [49]. Although there is a broad
range of M protein types observed with severe GAS dis-
ease, M1 and M3 have been observed to occur at higher
rates with invasive infection [28, 50]. However, the as-
sociation of M-type with severe disease is modest and
these proteins may be markers for other yet identified
invasive factors.

There are a number of exotoxins that may potential-
ly mediate STSS although a single one has not been
identified as the cause. The streptococcal pyrogenic
exotoxins (SPE) function as superantigens and are
structurally related to the staphylococcal enterotoxins
[43–45]. Strains of GAS producing SPE A in North
America and SPE B and SPE C in Europe have been as-
sociated with STSS [51, 52]. Mitogenic factor and strep-
tococcal superantigen have been identified from STSS
isolates but their role is unclear [53, 54]. Watanabe-Oh-
nishi et al. showed that characteristic V q restricted T
cell population changes occurred in cases of STSS that
were not related to SPE and suggested that an unidenti-
fied superantigen may be involved [55].

25.4
Diagnosis

The diagnosis of TSS or STSS is based on identifying a
syndrome of shock, fever, and multisystem failure with
the fulfillment of criteria for one of these conditions.
The Centers for Disease Control and Prevention case
definition for TSS is shown in Table 25.1 and the criteria
for STSS as defined by the Working Group on Severe
Streptococcal Infections are shown in Table 25.2 [4, 9].
The diagnosis of TSS requires a high index of suspicion
because it is a clinical diagnosis having no single diag-
nostic test and the infection source is often mild or clin-
ically not readily evident. The diagnosis of TSS does not
necessarily require isolation of S. aureus although most
cases will have evidence of this infection. STSS is usually
easier to diagnose than TSS because of the usually ful-
minant illness and high rate of blood culture positivity
(>90%) in this condition [10]. However, the early pre-
sentation of patients who later develop STSS is often
non-specific and delays in diagnosis and treatment are
not uncommon. Unlike in TSS where the causative agent

Table 25.1. Staphylococcal toxic shock syndrome: case defini-
tion[4]

All of:
1. Fever: temperature & 38.9°C
2. Rash: diffuse macular erythroderma
3. Desquamation: 1–2 weeks after onset of illness, particu-

larly of palms, soles, fingers, and toes
4. Hypotension: systolic blood pressure <90 mmHg for

adults or <5th percentile by age for children or ortho-
static syncope

And
Involvement of three or more of the following organ systems:
A. Gastrointestinal: vomiting or diarrhea at onset of illness
B. Muscular: severe myalgia or creatinine phosphokinase

level greater than twice the upper limit of normal
C. Mucous membranes: vaginal, oropharyngeal, or con-

junctival hyperemia
D. Renal: BUN or serum creatinine greater than twice the

upper limit of normal; or & 5 white blood cells per high
power field in the absence of a urinary tract infection

E. Hepatic: total bilirubin, or transaminase greater than
twice the upper limit of normal

F. Hematology: platelets <100,000/mm3

G. Central nervous system: disorientation or alterations in
consciousness without focal neurologic signs when fever
and hypotension are absent

And
Negative results on the following tests if obtained:
A. Blood, throat or cerebrospinal fluid cultures; blood

cultures may be positive for S. aureus
B. Serologic tests for Rocky Mountain spotted fever, lepto-

spirosis, or measles

Table 25.2. Streptococcal toxic shock, case definition [9]

I. Isolation of group A streptococcus (S. pyogenes)
A. From a normally sterile site (e.g., blood, CSF, pleural

or peritoneal fluid, tissue biopsy, surgical wound)
B. From a non-sterile site (e.g., throat, sputum, vagina,

superficial skin lesion)

II. Clinical signs of severity
A. Hypotension: systolic blood pressure e 90 mmHg in

adults or <5th percentile for age in children
And

B. & 2 of the following:
1. Renal impairment (creatinine >177 µmol/l for

adults or twice upper limit of normal for age or
baseline level in chronic renal insufficiency)

2. Coagulopathy (platelets e 100,000 or disseminated
intravascular coagulation)

3. Liver involvement (transaminases or bilirubin
& twice upper limit normal or baseline in pre-

existing liver impairment)
4. Adult respiratory distress syndrome (pulmonary

infiltrates and hypoxemia without heart failure)
or evidence of diffuse capillary leak (generalized
edema or pleural or peritoneal effusions with
hypoalbuminemia)

5. Generalized erythematous macular rash that may
desquamate

6. Soft tissue necrosis (necrotizing fasciitis, myosi-
tis, or gangrene)

Illness with:
IA and II (A and B) – definite case
IB and II (A and B) – probable case, if no other etiology
defined for illness
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does not need to be isolated, the definition of STSS re-
quires the isolation of GAS from the patient [4, 9].

TSS and STSS share many clinical features in com-
mon which may be the result of the shock state or more
specifically related to individual toxin effects. In these
syndromes, shock is multi-factorial and may be due to
vasodilatation, non-hydrostatic protein leakage with
subsequent intravascular volume depletion, hypovole-
mia from diarrhea, vomiting, and fever, and myocardi-
al depression [56–58]. The myocardial dysfunction
when it occurs demonstrates the picture of a reversible
toxic cardiomyopathy or myocarditis. The shock state
commonly leads to renal impairment from pre-renal
failure or acute tubular necrosis [59]. Electrolyte ab-
normalities are non-specific and may include low se-
rum calcium, magnesium, sodium, potassium, and
phosphate. The elevated transaminase and bilirubin
levels commonly observed are most likely related to
shock liver. Adult respiratory distress syndrome
(ARDS) is more common in STSS but may also occur in
TSS. Pleural effusions are common in severe cases of
toxic shock and may be complicated by empyema [60].

Toxin manifestations that may be independent of the
shock state occur commonly especially in TSS. In TSS
the rash is typically a diffuse macular erythroderma
with desquamation most pronounced in the hands and
soles at approximately 1–3 weeks after illness onset.
The rash in STSS is similar but desquamation occurs
less commonly. TSS may be associated with mental sta-
tus changes ranging from headache to encephalopathy,
which may lead to persistent cognitive impairment
[61]. Vomiting and inflammatory diarrhea are com-
mon in TSS, as is sterile pyuria, and may be a result of
severe illness or secondary to toxin(s).

Necrotizing fasciitis occurs commonly in associa-
tion with STSS and is diagnosed if histopathological ex-
amination reveals necrosis of fascia with edema and
polymorphonuclear infiltrate [15]. This diagnosis may
also be made if tissue necrosis is evident clinically or at
surgical exploration. Necrotizing fasciitis is a rapidly
progressive infection that is often difficult to diagnose
clinically. In the early stages there may be necrosis of
the underlying fascia despite normal overlying skin.
Clues to the diagnosis include pain out of proportion to
physical findings, edema, and/or erythema in the set-
ting of symptoms and signs of infection including fever,
arthralgias, and myalgias [62]. Rapid changes in clini-
cal findings are particularly worrisome for this diagno-
sis. Creatine kinase levels are often elevated but this test
is both insensitive and non-specific and therefore inad-
equate to rule out necrotizing fasciitis. Soft tissue ra-
diograms rarely show air in tissue in necrotizing fascii-
tis due to GAS and are unhelpful to exclude this diagno-
sis. Magnetic resonance imaging has been proposed as
a test to diagnose necrotizing fasciitis but performance
of this test should not delay definitive diagnosis by sur-

gical exploration and biopsy which is the standard of
care [62]. Since no symptom, sign, or non-invasive in-
vestigation reliably rules out a diagnosis of potentially
limb or life-threatening necrotizing fasciitis, surgical
exploration should be performed in all cases for which
the diagnosis is entertained. The procedure has mini-
mal morbidity but a missed or delayed diagnosis of
necrotizing fasciitis has very serious and often lethal
consequences.

In both TSS and STSS the differential diagnosis in-
cludes a broad range of inflammatory conditions.
Rocky Mountain spotted fever caused by Rickettsia rik-
kettsii, typhus, meningococcemia, Lyme disease, and
leptospirosis are all infections associated with rash that
may mimic TSS. Toxic epidermal necrolysis, erythema
multiforme, and Stevens-Johnson syndrome all present
with rash and fever. Septic shock due to other bacterial
organisms may also be difficult to differentiate from
toxic shock. Kawasaki disease is an acute illness of chil-
dren characterized by fever, rash, lymphadenopathy,
oral involvement and peripheral extremity changes
that must be differentiated from TSS because this con-
dition is complicated by coronary artery aneurysms in
approximately 25% of untreated cases [63].

25.5
Treatment

The general principles of treatment of TSS and STSS are
similar to other causes of severe sepsis and septic shock
and may involve supportive care, anti-microbials,
source investigation and control, and adjunctive thera-
pies [64]. There have been no large randomized trials
in the specific treatment of TSS or STSS and manage-
ment is based primarily on expert opinion and from ex-
perience in related conditions. The spectrum of TSS
ranges from relatively mild to severe disease whereas
STSS is nearly always severe. For example, in one pro-
spective study, 80% of cases of STSS required ICU care,
60% needed mechanical ventilation and 52% vasopres-
sor support [12]. In all cases of STSS and TSS, if ICU
care is not initially deemed to be necessary, close moni-
toring on the hospital ward is required with a low
threshold to transfer to ICU care in the event of clinical
deterioration.

The general principles of supportive care for pa-
tients with TSS and STSS are shared in common with
other etiologies of severe sepsis and septic shock and
should reflect current widely accepted guidelines [64].
These may include, but are not limited to, early recog-
nition and prompt and aggressive hemodynamic sup-
port [65], endotracheal intubation and mechanical
ventilation using a lung protective low tidal volume
strategy [66], appropriate use of sedative medications
and paralytic agents [67], renal replacement therapy
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[68], aggressive glucose and electrolyte management
[69], activated protein C infusion in severe cases [70,
71], and low-dose adrenocorticoid replacement thera-
py [72].

Antibiotic therapy is essential in the treatment of
TSS and STSS. Antibiotics for TSS are most important
for preventing relapse in MTSS but are usually also
needed to treat the local infection in NMTSS [73].
Prompt use of antibiotics in STSS is critical because this
is nearly always a systemic infection. S. aureus is usual-
ly resistant to penicillin and in some regions it is com-
monly methicillin resistant. S. pyogenes is universally
susceptible to penicillin. However, even if in vitro sus-
ceptible, in TSS and STSS beta-lactam antibiotics may
be limited in treatment because of the “inoculum ef-
fect” [74]. This occurs when the bacteria are present in
high concentrations and are in stationary phase with
the subsequent reduced production of penicillin bind-
ing proteins, the target of beta-lactam antibiotics. Clin-
damycin is a protein synthesis inhibitor antibiotic that
has in vitro activity against both S. aureus and S. pyoge-
nes. It is not affected by the inoculum effect and also
may treat toxic shock by inhibiting toxin production
[75]. Clindamycin has been shown to be more effective
than penicillin in mouse models of GAS myositis and in
case-control studies in humans with STSS [76]. Our
recommendations are that high doses of clindamycin
should be used with a penicillinase resistant penicillin
in TSS, and with penicillin in STSS unless susceptibility
testing demonstrates resistance. Since in many cases it
is difficult to differentiate among TSS, STSS, and Gram-
negative septic shock in the initial presentation, clinda-
mycin should be used with a broad spectrum, q -lacta-
mase resistant agent until microbiologic diagnosis is
achieved. In regions where MRSA is a concern, vanco-
mycin or linezolid should be added to this empiric regi-
men.

Source control is commonly required in TSS and
STSS. Any localized infection source requires interven-
tion such as removal of tampons or wound packing, or
surgical drainage of infected wounds, abscesses, or em-
pyemas. Necrotizing fasciitis must be investigated and
treated surgically without delay because this condition
is typically fulminant. Adequate drainage and excision
of necrotic tissue is mandatory and repeated surgical
procedures or repeated exploration are needed in the
treatment of this condition. Wounds should generally
be packed open until the infection has been cured, at
which time closure or grafting may be performed as ap-
propriate.

There are many proponents of intravenous immu-
noglobulin (IVIG) therapy as an adjunctive treatment
for TSS and STSS and in many regions it is viewed as a
standard of care [77, 78]. Intravenous immunoglobulin
contains neutralizing antibodies to staphylococcal and
streptococcal superantigens and has anti-cytokine ac-

tivity [15, 79, 80]. Although there is rationale for IVIG
use in these syndromes based in theory, several lines of
laboratory investigation, and retrospective clinical se-
ries, no definitive clinical trial has been conducted and
there remains clinical equipoise as to whether IVIG
should be used in the treatment of TSS and STSS [81].
One prospective, randomized control comparing IVIG
and placebo in the treatment of STSS has been reported
[82]. However, this study was ended prematurely after
enrolling only 21 patients and as a result was under-
powered to detect any significant mortality difference.
We recommend the use of IVIG as an adjunctive thera-
py for STSS and TSS where the disease presentation is
particularly severe or rapidly progressive despite
prompt institution of other recommended therapies. In
children with TSS or STSS it is important to exclude Ka-
wasaki disease as this condition shares many features
with toxic shock and may be diagnosed simultaneously
[63]. If there are clinical criteria for Kawasaki disease or
evidence of coronary involvement then IVIG is clearly
indicated based on its proven efficacy in reducing the
risk of developing coronary aneurysms from 23% to
2% [83]. Echocardiography is the screening procedure
of choice to detect coronary aneurysms and it is our
recommendation that this test is performed on all chil-
dren with TSS or STSS.

Preventive measures may play a role in the manage-
ment of TSS and STSS. In MTSS it is prudent to recom-
mend against the use of superabsorbent tampons. If
these products are used then the absorbency and
amount of time they are left in place may best be mini-
mized [25]. Risks for NMTSS may be reduced by careful
wound care and prompt treatment of infection in surgi-
cal cases. Recurrence is common in TSS and there may
be a role for eliminating S. aureus asymptomatic car-
riage in the nares using topical mupirocin [2, 84]. Inva-
sive GAS disease has an estimated household contact
transmission risk of 3 per 1,000 that is comparable to
rates observed for meningococcal disease [10]. Antibi-
otic prophylaxis for close contacts of patients with STSS
may be beneficial but the best way to approach this is-
sue remains to be defined [85, 86]. In children, 16% of
all cases of invasive GAS disease are complications of
varicella infection and it has been estimated that 10%
of all invasive GAS in children would be prevented by
routine vaccination for varicella at 1 year of age [13].
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26Acute Infective Endocarditis
C.N. Gentry, J.R. McDonald

26.1
Introduction

Infective endocarditis (IE), an infection of the endocar-
dial lining of the heart, accounts for about 1 in 1,000 ad-
missions to hospital. Because IE often occurs in pa-
tients with multiple co-morbid illnesses and those who
have undergone recent invasive procedures, it is com-
monly diagnosed and treated in the intensive care unit
(ICU) [1, 2]. IE is the cause of 0.8–3.0% of admissions
to ICUs, with mortality exceeding 50% in some re-
ported series of ICU patients [3, 4].

Infective endocarditis has traditionally been classi-
fied as acute, subacute, or chronic. Acute disease is char-
acterized by sudden clinical onset with a fulminant
course. In the pre-antibiotic era, it usually led to death
in less than 6 weeks. Acute IE has historically been asso-
ciated with Staphylococcus aureus, Streptococcus pyoge-
nes, or Streptococcus pneumoniae [2]. In contrast, sub-
acute and chronic IE have more indolent courses and
are usually accompanied by more subtle clinical signs
and symptoms. In the pre-antibiotic era, subacute and
chronic IE typically led to death in greater than 6 weeks.

Several epidemiologic trends support the observa-
tion that acute IE is increasing in frequency relative to
subacute and chronic IE, including the increasing use
of invasive procedures and intravascular prosthetic de-
vices, the increasing role of S. aureus in IE, and rising
rates of nosocomial IE [5, 6]. In this chapter, when pos-
sible, discussion of endocarditis will focus on acute en-
docarditis, though much of the relevant literature in-
cludes all classifications of IE without distinguishing
between acute, subacute, or chronic endocarditis.

26.2
Pathophysiology

Several events must take place in order for an episode
of IE to occur: endocardial injury, sterile thrombus for-
mation, bacteremia, microbial adherence, and forma-
tion of a mature vegetation.

Endocardial injury may occur by many mecha-
nisms. Most commonly, an acquired or congenital car-

diac condition causes turbulent blood flow leading to
injury to the valve surface or the mural endocardium.
Alternatively, the endocardium may be damaged by an
intravascular catheter or other device that directly
abrades the inner surface of the heart. In injection drug
users, endocardial damage to the tricuspid valve may
occur due to the direct injection of contaminating de-
bris. The damaged endothelial surface triggers platelet
and fibrin deposition, and the formation of a sterile
thrombus.

In some animal models, endocarditis can be in-
duced without preexisting endocardial trauma [7].
Physiologic stresses including high cardiac output, hy-
persensitivity states, hormonal manipulation, cold ex-
posure, and high altitude have been shown to induce
sterile endocardial thrombosis in experimental set-
tings [7]. Clinical states associated with sterile endo-
cardial thrombosis include malignancy, rheumatic dis-
eases, and uremia.

Transient bacteremia plays a key role in the patho-
genesis of IE. Bacteria are introduced into the blood-
stream when a body surface that is heavily colonized by
bacteria (oral cavity, gut lumen, genitourinary mucosa)
is traumatized. The trauma and subsequent bacteremia
often go unrecognized [8].

In the setting of endocardial injury and/or sterile
thrombus, bloodborne bacteria may adhere to the en-
docardial surface. Bacteria differ in their likelihood of
adherence. In animal models of endocarditis, when
pathogens are injected into the bloodstream, patho-
gens which commonly cause endocarditis (S. aureus,
viridans streptococci, and enterococci) are more likely
to adhere to an experimentally damaged heart valve
than pathogens which less commonly cause IE [9].
These differences can be explained by adhesion factors
that vary between types of bacteria. For example, the
amount of dextran present in the streptococcal cell wall
has been linked to that strain’s likelihood of adhesion
[10], and variations in S. aureus strains’ ability to bind
to fibronectin appear to play a role in adhesion to dam-
aged endocardium [11].

Once bacteria have attached to the endocardium,
additional deposition of fibrin occurs on the surface of
the vegetation, and bacterial proliferation continues
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within. Because vegetations are typically avascular,
penetration of phagocytic cells is minimal, resulting in
relative protection from host immune defenses. The
avascular nature of most vegetations also results in
poor penetration of antimicrobial agents.

26.3
Epidemiology
26.3.1
Demographics and Risk Factors

Approximately 10,000–15,000 new cases of IE are diag-
nosed annually in the United States [12]. Although
some studies have reported that the rate of IE has been
stable over time [6, 13], changes in both diagnostic
tools and diagnostic criteria make such comparisons
difficult. In addition, rates of several major endocardi-
tis risk factors have changed over time, including in-
creases in invasive medical procedures and intravenous
drug use, and decreases in rheumatic heart disease.

Infective endocarditis is diagnosed more frequently
in men than in women, in approximately a 2:1 ratio
[12]. The mean age of patients at the time of diagnosis
has been steadily increasing over time, from less than
30 years in the pre-antibiotic era [14] to nearly 60 years
in a recent multicenter, international cohort [15]. IE
most commonly affects the left-sided heart valves. In a
large international cohort, 40% of patients had mitral
valve IE, while 36% had aortic valve IE [15, 16]. Tricus-
pid valve IE is common among intravenous drug users
but is otherwise rare. The pulmonic valve is least likely
to be involved in IE.

Prior episodes of IE, invasive medical procedures,
and intravenous drug use are risk factors for IE [1]. Un-
derlying structural heart disease is present in about
75% of patients who develop IE [13]. Historically, rheu-
matic heart disease, and specifically mitral stenosis,
was the major underlying valvular defect in patients
with IE, but the incidence of rheumatic heart disease
has decreased dramatically. More recently, the most
common predisposing valvular lesions are mitral re-
gurgitation, aortic valve disease (stenosis and regurgi-
tation), and congenital heart disease [17]. Mitral valve
prolapse without regurgitation is associated with only a
slightly increased risk of IE [18]. Patients with pros-
thetic cardiac valves are at a high risk for IE. One to 4%
of prosthetic valve recipients develop IE in the first year
after surgery, and an additional 1% are diagnosed per
year thereafter [12]. Some comorbid medical condi-
tions such as diabetes mellitus and kidney disease have
been shown to be risk factors for IE in some studies as
well [1].

26.3.2
Nosocomial IE

Nosocomial IE is a relatively new category of IE that has
emerged in recent decades. Recent case series show that
between 14% and 31% of all IE is nosocomial in origin
[19–21]. In an analysis of IE occurring at a single insti-
tution in Spain, the proportion of IE that was nosoco-
mial increased from 3.4% in the mid-1980s to 31% in
the late 1990s. Mortality among nosocomial IE was sig-
nificantly higher than in community-acquired IE. Nos-
ocomial IE was more commonly caused by S. aureus,
coagulase-negative staphylococci, and enterococci, and
rarely by streptococci [20].

Nosocomial IE can usually be attributed to a hospi-
tal acquired infection at a primary site, most common-
ly an intravenous catheter insertion site, surgical
wound site, or as a result of an invasive procedure. Of 31
nosocomial cases of IE described by Mourvillier et al.,
21 were related to intravenous catheter infection, 4 to
an infected arteriovenous fistula, 3 to surgical site in-
fection, 2 to pneumonia, and 1 to a digestive procedure
[4]. Of 22 nosocomial IE cases in an ICU, Gouello et al.
found that 11 were related to an intravascular device (5
central venous catheters, 3 peripheral venous catheters,
and 3 arteriovenous fistulas), 8 to a surgical site infec-
tion, 1 to endotracheal intubation, 1 to a skin infection,
and 1 had no identifiable source [22].

26.3.3
Infective Endocarditis in Critical Care

Few studies have described the occurrence of IE in criti-
cal care settings. Karth et al. described 33 cases of IE oc-
curring in 4 medical ICUs in Vienna, Austria, between
1994 and 1999 [3]. IE was identified in 0.8% of all ICU pa-
tients. In 55% of patients with IE in this study, IE was di-
agnosed prior to ICU admission; in the remaining 45% it
was diagnosed in the ICU. The most common reasons for
ICU admission in patients with known IE were conges-
tive heart failure (CHF) (64% of cases), septic shock
(21%) and neurologic deterioration (15%). Mechanical
ventilation was required by 79% of IE patients, inotropes
and/or vasoconstrictors by 73%, and acute renal failure
occurred in 39%. The majority (79%) had native valve
IE. S. aureus was the leading pathogen, causing 36% of
IE. Cardiac surgery was performed for IE in 60% of cases,
and 54% of patients died during their hospital stay. The
leading causes of death were cardiogenic shock and sep-
tic shock. Acute renal failure on ICU admission was the
only independent predictor of mortality [3].

Mourvillier et al. described a large cohort of 228
cases of IE occurring in 2 medical ICUs in France be-
tween 1993 and 2000 [4]. IE was diagnosed in 3% of
ICU patients during this time period. IE occurred on a
native valve in 64% of cases. S. aureus was the causative
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agent in half of all cases. Of the native valve cases, 21%
were nosocomial. Neurological events occurred in near-
ly 40% of patients, CHF complicated 29% of cases, and
septic shock occurred in 26%. In-hospital mortality
was 45%. Several factors independently predicted in-
hospital mortality, including septic shock, neurological
complications, and immunocompromised state [4].

A study by Gouello et al. focused only on nosocomi-
al IE in patients admitted to the ICU [22]. Among more
than 4,000 patients admitted to an ICU in a single
French hospital between 1992 and 1997, the incidence
of nosocomial IE was 0.5%. The majority (68%) of
these patients had no predisposing cardiac lesion. S.
aureus was the causative pathogen in 68% of cases.
Overall mortality was 68% [22].

One study examined prosthetic valve IE only in the
ICU setting [23]. Between 1978 and 1992, 122 cases of
prosthetic valve IE occurred in a French ICU. S. aureus
was the most frequent pathogen in early disease, ac-
counting for 61% of isolates, while streptococci and S.
aureus were most common among cases of late disease.
Heart failure complicated 50% of cases, non-neurologic
emboli 35%, prosthesis instability 32%, and neurologic
emboli 27%. Mortality was 34% at 4 months. Predictors
of mortality among S. aureus cases were septic shock,
heart failure, mediastinitis, and prothrombin time
<30%; predictors among non-S. aureus cases were renal
failure, heart failure, and prothrombin time <30% [23].

In summary, these studies show that the incidence of
IE in ICUs ranges from 0.8% to 3%. S. aureus is the
most frequent pathogen. Complication rates, including
heart failure, sepsis, and neurologic events, are higher
than typical rates seen among IE in non-ICU popula-
tions. The incidence of nosocomial IE is high in this
population, and the mortality rates are high compared
to other IE populations.

26.4
Diagnosis
26.4.1
History and Physical Examination

The spectrum of clinical presentation of IE is broad,
and clinical features are often non-specific. IE can af-
fect virtually any organ, but certain elements of the his-
tory and physical examination should raise suspicion
of IE. Unlike patients with subacute bacterial endocar-
ditis who often report nonspecific constitutional symp-
toms, patients with acute endocarditis typically de-
scribe the abrupt onset of fever and rigors. The pres-
ence of known risk factors for IE, such as invasive pro-
cedures, dental work, intravenous drug use, structural
heart disease, or prior endocarditis, suggest the possi-
bility of IE. The clinical history may indicate a potential
source of bacteremia. History should also include in-

quiry into complications of IE, including the sequelae
of embolization to the brain, lungs, spleen, gut, kid-
neys, bones and joints, and skin.

Physical examination in patients with suspected or
confirmed IE should be comprehensive, with special at-
tention to examination of the heart, skin and mucosal
surfaces, ocular fundi, central nervous system, spleen,
dentition, and all current or recent sites of invasive de-
vices and procedures. Although heart murmur is pre-
sent in 85% of patients diagnosed with IE, a changing
murmur is identified in only 5–10% of cases. Approxi-
mately 50% of patients with IE have evidence of embol-
ic phenomena on physical examination. Clinical se-
quelae of embolization include skin manifestations in
18–50% of patients, splenomegaly in 20–57%, and
retinal lesions in 2–10% [2]. An absence of clinical
findings should not rule out the diagnosis of IE in the
presence of clinical suspicion.

26.4.2
Diagnostic Criteria

The Duke Criteria are commonly used in making the di-
agnosis of IE. Originally proposed in 1994 [24], they have
since been modified [25], and have been shown to be su-
perior to the previously used criteria [26, 27]. Diagnosis
is classified as “definite,” “probable,” or “rejected” based
on the presence of major and minor criteria including in-
formation from blood cultures, echocardiography, pa-
thology, serology, history, and clinical examination. The
modified Duke Criteria are shown in Table 26.1.

Table 26.1. Modified Duke criteria for diagnosis of infective en-
docarditis (IE)a. Adapted with permission from Li et al. [25]

Major criteria
Microbiologic: typical organisms cultured from two

separate blood cultures, OR persistently positive blood
cultures, OR single culture (or phase 1 IgG >1:800) for
Coxiella burnetii

Evidence of endocardial involvement: echocardiogram
showing oscillating intracardiac mass, abscess, or partial
dehiscence of prosthetic valve; OR new valvular regurgi-
tation

Minor criteria
Predisposition to IE: previous IE, intravenous drug use,

prosthetic heart valve, cyanotic congenital heart disease,
mitral valve prolapse, or other cardiac lesion causing
turbulent blood flow within the heart

Fever >38°C
Vascular phenomena: major arterial emboli, septic pulmo-

nary infarcts, mycotic aneurysm, intracranial hemor-
rhage, conjunctival hemorrhages, or Janeway’s lesions

Immunologic phenomena: glomerulonephritis, Osler’s
nodes, Roth’s spots, or rheumatoid factor

Microbiologic findings not meeting major criteria

a Definite endocarditis requires two major criteria, or one ma-
jor and three minor criteria, or five minor criteria. Possible
endocarditis requires one major and one minor criterion, or
three minor criteria
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26.4.3
Echocardiography

Echocardiographic findings which are suggestive of IE
include vegetation, abscess, aneurysm, fistula, leaflet
perforation, or, in the case of prosthetic valves, valvular
dehiscence [28]. Both transthoracic echocardiography
(TTE) and transesophageal echocardiography (TEE)
can be useful in the diagnosis and evaluation of IE. The
sensitivity of TTE is low (46%) compared to TEE
(93%), though the specificities are similar (95–96%)
[29]. Obesity, hyperinflation of the lungs (as occurs in
mechanically ventilated patients), and the presence of a
prosthetic heart valve all reduce the sensitivity of TTE.

In patients with a negative TTE but “possible” IE by
modified Duke Criteria, TEE has been shown to im-
prove the ability to diagnose IE. In one study, both TTE
and TEE were performed on 114 patients with IE. Three
patients who were classified as “rejected” cases by TTE
became “possible” cases of IE with TEE, and 22 patients
who were “possible” cases became “definite” [30]. In
another study of 103 patients with S. aureus bacter-
emia, TTE was positive in 7% of patients and indeter-
minate in 18%. Subsequent TEE identified vegetations
in 19% of those who initially had negative TTE, and in
21% of those with an indeterminate TTE [31]. In addi-
tion to its superior diagnostic ability, TEE can better
identify complications of IE, such as perivalvular ab-
scess and fistula, which may alter clinical management.
TEE is now considered by many experts to be the initial
echocardiographic modality of choice for IE, except in
patients with low clinical suspicion of IE [32].

26.4.4
Additional Tests

In addition to a history and physical examination,
when IE is suspected, several additional tests should be
considered. A minimum of three blood cultures should
be drawn, with the first and last drawn at least 1 h apart.
The microbiology lab should be alerted to the possible
diagnosis of IE so that culture techniques may be al-
tered if isolation of more fastidious organisms is re-
quired. Electrocardiogram should be obtained to eval-
uate for new conduction disturbance. Additional test-
ing which may be useful includes chest radiograph to
evaluate for the presence of embolism or heart failure,
urinalysis to evaluate for possible glomerulonephritis,
and rheumatoid factor. Glomerulonephritis and posi-
tive rheumatoid factor are minor diagnostic criteria in
the modified Duke criteria.

26.5
Specific Pathogens
26.5.1
Staphylococcus aureus

Over the last 15 years, the incidence of S. aureus IE has
increased, overtaking viridans streptococci as the pre-
dominant organism in many reports [32–36]. Several
researchers have postulated that medical advances and
increasing use of technology including intravenous
catheters and implanted prosthetic devices have result-
ed in a higher incidence of nosocomial or healthcare-
associated staphylococcal bacteremia, placing more
patients at risk for endocarditis [33].

Staphylococcus aureus commonly causes acute IE
and is associated with higher mortality than other or-
ganisms [15, 37, 38]. It involves the mitral valve more
often than the aortic valve and is a frequent cause of
right-sided IE among intravenous drug users [15]. S.
aureus IE is frequently complicated by embolic events.
In one large international cohort study, embolization
occurred in 60% of cases of S. aureus IE versus 31% of
cases caused by other organisms. Embolic events to the
central nervous system are also more frequent in S. au-
reus IE than in IE caused by other organisms (20% vs.
13%) [15].

In general, antibiotic treatment of S. aureus IE
should include a minimum of 6 weeks of nafcillin or ox-
acillin for oxacillin-susceptible strains, or 6 weeks of
vancomycin for oxacillin-resistant strains. Vancomycin
should not be used for treatment of oxacillin-suscepti-
ble strains unless a serious q -lactam allergy is docu-
mented [32]. Most experts also endorse the addition of
gentamicin for 3–5 days at the beginning of treatment
for oxacillin-susceptible strains. The addition of an
aminoglycoside has been associated with more rapid
clearance of bacteremia, but has not resulted in im-
provements in morbidity or mortality [39]. Short-
course therapy (2 weeks) using a q -lactam plus amino-
glycoside has been shown to be effective in selected
cases of right-sided S. aureus IE in intravenous drug us-
ers [32]. When treating prosthetic valve endocarditis
(PVE) caused by S. aureus, rifampin should be added to
the treatment regimen for the duration of therapy, and
gentamicin should be added for the first 2 weeks of
therapy for both oxacillin-susceptible and oxacillin-re-
sistant strains [32]. Please see Tables 26.2 and 26.3 for
further treatment recommendations.

26.5.2
Coagulase-Negative Staphylococci

A recent study estimated that 6% of native valve endo-
carditis (NVE) is caused by coagulase-negative staphy-
lococci [40]. Most of these cases are caused by S. epider-
midis, though many facilities do not identify coagulase-
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Table 26.2. Selected native valve endocarditis treatment regimens. Adapted with permission from Baddour et al. [32]

Organism Drug Duration Alternative/comments

Oxacillin-sensitive Staphylococcus Oxacillin/nafcillin 2 g q4 h 6 weeks For non-anaphylactoid penicillin allergy,
substitute cefazolin 2 g IV q8 h for oxacil-
lin/nafcillin. For anaphylactoid penicillin
allergy, vancomycin 15 mg/kg q12 ha

with or without
Gentamicin 1 mg/kg q8 h 3–5 days

Oxacillin-resistant Staphylococcus Vancomycin 15 mg/kg q12 ha 6 weeks

Viridans streptococci/S. bovis Penicillin G 12–18 million U/24 hb 4 weeks For penicillin allergy, vancomycin
15 mg/kg q12 haHighly penicillin-susceptible or

(PCN MIC e 0.12 µg/ml) Ceftriaxone 2 g IV/IM q24 h 4 weeks

Viridans streptococci/S. bovis Penicillin G 24 million U/24 hb 4 weeks For penicillin allergy, vancomycin
15 mg/kg IV q12 haRelatively penicillin-resistant plus

(PCN MIC >0.12–0.5 µg/ml) Gentamicin 3 mg/kg q24 h 2 weeks
or
Ceftriaxone 2 g IV/IM q24 h 4 weeks
plus
Gentamicin 3 mg/kg q24 h 2 weeks

Viridans streptococci/S. bovis or See treatment regimen for peni-
cillin/ampicillin-resistant entero-
coccal endocarditis

– –
Nutritionally variant
streptococci

Penicillin-resistant
(PCN MIC >0.5 µg/ml)

Enterococcus spp. Ampicillin 2 g IV q4 h 4–6 weeks For penicillin allergy, vancomycin
15 mg/kg IV q12 ha

plus
Pan-sensitive plus

Gentamicin 1 mg/kg q8 hc 4–6 weeks
Gentamicin 1 mg/kg IV/IM q8 hc for
6 weeks

or
Penicillin G 18–30 million U/24 hb 4–6 weeks
plus
Gentamicin 1 mg/kg q8 hc 4–6 weeks

Enterococcus spp. Vancomycin 15 mg/kg q12 ha 6 weeks If q -lactamase production, ampicillin-
sulbactam 3 g q6 h
plus

Penicillin/ampicillin-resistant plus
Gentamicin 1 mg/kg q8 hc 6 weeks

Gentamicin 1 mg/kg q8 hc for 6 weeks

Enterococcus spp. Ampicillin 2 g IV q4 h 4–6 weeksg For penicillin allergy, vancomycin
15 mg/kg IV q12 ha for 6 weeksAminoglycoside resistantd or

Penicillin G 24 million U IV/24 hb

HACEK organisms Ceftriaxone 2 g IV/IM q24 h 4 weeks For penicillin allergy, ciprofloxacin
400 mg IV q12 hor

Ampicillin-sulbactam 3 g q6 h 4 weeks

a Goal Vancomycin through 10–15 µg/mL
b Penicillin G dosing can be continuous infusion or given q4h
c Both gentamicin and streptomycin susceptibilities should be obtained. High-level aminoglycoside resistance is defined as gen-

tamicin MIC >500 to 2000 µg/mL or streptomycin MIC >2000 µg/mL
d Isolates resistant to gentamicin should be tested for streptomycin sensitivity. If streptomycin-susceptible, streptomycin should

be substituted for gentamicin at a dose of 7.5 mg/kg q12h

negative staphylococci to the species level. Coagulase-
negative staphylococcal IE is associated with fewer em-
bolic events but more frequent intracardiac abscesses
than S. aureus IE. Mortality rates are similar between the
two organisms [40]. IE caused by coagulase-negative
staphylococci is typically more indolent in onset than IE
caused by other organisms, making coagulase-negative
staphylococci a less frequent cause of acute IE. One nota-
ble exception to this is the species S. lugdunensis, a coag-
ulase-negative staphylococcus that has been described as
causing acute IE with an aggressive clinical course [41].

Coagulase-negative staphylococci are a common
cause of PVE, particularly in the first year after pros-

thetic valve implantation [32, 33, 42]. Because most co-
agulase-negative staphylococci readily form biofilm,
they are well adapted to cause infections of prosthetic
materials. Please refer to Tables 26.2 and 26.3 for treat-
ment recommendations.

26.5.3
Streptococci

The proportion of IE caused by streptococci appears to
be decreasing, but these organisms are still common
pathogens, identified in almost 30% of definite IE cases
in one recent study [15]. The most common streptococ-
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Table 26.3. Selected prosthetic valve endocarditis treatment regimens. Adapted with permission from Baddour et al. [32]

Organism Drug Duration Alternative/comments

Oxacillin-sensitive Staphylococcus Oxacillin/nafcillin 2 g IV q4 h & 6 weeks For non-anaphylactoid penicillin aller-
gy, substitute cefazolin 2 g IV q8 h for
oxacillin/nafcillin

plus

For anaphylactoid penicillin allergy,
vancomycin 15 mg/kg q12 ha for 6 weeks

Rifampin 300 mg IV/po q8 h & 6 weeks
plus
Gentamicin 1 mg/kg IV/IM q8 h 2 weeks

Oxacillin-resistant Staphylococcus Vancomycin 15 mg/kg IV q12 ha
& 6 weeks For penicillin allergy, vancomycin

15 mg/kg q12 ha for 6 weeksplus
Rifampin 300 mg IV/po q8 h & 6 weeks
plus
Gentamicin 1 mg/kg IV/IM q8 h 2 weeks

Viridans streptococci/S. bovisc Penicillin G 24 million U/24 hb 6 weeks For penicillin allergy, vancomycin
15 mg/kg q12 ha for 6 weeksHighly penicillin-susceptible or

(PCN MIC e 0.12 µg/ml) Gentamicin 3 mg/kg q24 h 2 weeks
or
Ceftriaxone 2 g IV/IM q24 h 6 weeks
with or without
Gentamicin 3 mg/kg q24 h 2 weeks

Viridans streptococci/S. bovis Penicillin G 24 million U/24 hb

plus
Gentamicin 3 mg/kg q24 h OR
Ceftriaxone 2 g IV/IM q24 h
plus
Gentamicin 3 mg/kg q24 h

6 weeks

6 weeks
6 weeks

6 weeks

Relatively or fully
penicillin-resistant
(PCN MIC >0.12)

Enterococcus spp. PVE treatment regimens identi-
cal to NVE treatment regimens.
See Table 26.2

– –

HACEK organisms PVE treatment regimens identi-
cal to NVE treatment regimens.
See Table 26.2

– –

a Goal: vancomycin trough 10–15 µg/ml, b Penicillin G dosing can be continuous infusion or given q4 h, c Optional addition of
gentamicin 3 mg/kg q24 h for 2 weeks

cal species causing IE are found in the viridans strepto-
coccus group. Viridans streptococci are [ -hemolytic
oral flora, and include the following species: S. mitis,
S. mutans, S. salivarius, S. sanguis, and the S. milleri
group (also known as the S. anginosus or S. intermedius
group, which includes S. intermedius, S. anginosus, and
S. constellatus) [12, 32]. Nutritionally variant strepto-
cocci including Abiotropha and Granulicatella species
are also classified as viridans streptococci.

Streptococcus bovis is a group D streptococcal spe-
cies distinct from viridans streptococci. S. bovis is
found in enteric flora, and bacteremia with this organ-
ism is associated with colon polyps, colon cancer and
liver disease [43]. S. bovis accounts for 5–15% of cases
of IE in the United States, is associated with involve-
ment of multiple valves, and is typically diagnosed in
older patients with more comorbid diseases [43, 44].
Treatment of IE caused by viridans streptococci or by S.
bovis is determined by the MIC of the infecting organ-
ism to penicillin. Aminoglycosides are sometimes re-
quired for synergistic effects. Please refer to Tables 26.2
and 26.3 for treatment recommendations.

Other streptococci (including S. pneumoniae and
streptococci in Groups A, B, C and G) account for less

than 5% of cases of definite IE [15]. Of these organisms,
group B streptococci (S. agalactiae) are the most com-
monly identified pathogens in IE [35]. Like S. bovis-as-
sociated IE, IE due to S. agalactiae is commonly seen in
older patients with multiple co-morbid diseases. Group
B streptococcal IE is often an aggressive clinical entity
characterized by large vegetations, frequent embolic
events, and high mortality [45]. Treatment of IE caused
by these streptococcal species should include a q -lac-
tam or other cell wall-active agent and, in some cases,
an aminoglycoside [12, 32].

26.5.4
Enterococci

Enterococci are the third most common etiology of IE,
causing approximately 10% of all cases [16, 33]. Endo-
carditis caused by enterococcal species is commonly di-
agnosed in older men and is associated with lower mor-
tality rates than IE caused by other organisms [16, 46].
A gastrointestinal or urinary source of enterococcal
bacteremia can often be identified. Enterococcal NVE
frequently involves the aortic valve and causes symp-
toms of heart failure. Compared to other organisms, it
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is less commonly associated with embolic events [16].
PVE caused by enterococcal species is associated with
intracardiac abscess formation [46].

Treatment of enterococcal IE is complex. Enterococ-
cal isolates from patients with IE should be tested for
susceptibility to penicillin, ampicillin, and vancomycin
as well as for high-level resistance to both gentamicin
and streptomycin. In general, successful therapy re-
quires two antimicrobial agents with a typical regimen
consisting of a cell wall-active agent (penicillin, ampi-
cillin or vancomycin) plus an aminoglycoside for syn-
ergistic effect. Aminoglycosides are typically given for
the duration of therapy (4–6 weeks) though recent data
suggest that shorter courses may be adequate [47].
Please refer to Tables 26.2 and 26.3 for treatment rec-
ommendations.

26.5.5
Gram-Negative Bacilli

Gram-negative bacilli account for approximately 5% of
IE diagnoses, and are typically divided into HACEK
and non-HACEK organisms [33]. The HACEK group
includes organisms from the following genera: Haemo-
philus, Actinobacillus, Cardiobacterium, Eikenella, and
Kingella. Though these fastidious organisms tradition-
ally have required prolonged incubation periods to
grow on culture media, many HACEK organisms grow
within 5 days using modern culture techniques [48].
Because q -lactamase production in the HACEK organ-
isms is becoming more frequent, ceftriaxone is now the
recommended empiric therapy [32].

Enterobacteriaceae and other non-HACEK gram-
negative bacilli are unusual causes of IE, and are often
associated with intravenous drug use or underlying
valvular abnormalities. These cases are characterized
by frequent heart failure and high mortality rates. Pseu-
domonas IE has been strongly associated with intrave-
nous drug use [12, 32].

26.5.6
Candida Species

Candida is an uncommon cause of IE, accounting for
approximately 2% of cases [33, 49]. In one recent series,
candidal endocarditis was much more frequently ob-
served in patients with prosthetic valves [49]. Although
previous studies have reported mortality rates of al-
most 80%, others have found the mortality rate to be
comparable to that of S. aureus IE at approximately
40% [12, 49]. Because candidal endocarditis is rare,
treatment guidelines have not been clearly established.
Many experts recommend surgical intervention in con-
junction with antifungal therapy with amphotericin B
[12, 32].

26.5.7
Culture-Negative IE

Between 5% and 10% of IE cases are diagnosed in the
setting of negative blood cultures [33, 50, 51]. Because
the diagnostic criteria for IE are less accurate in this sit-
uation, some experts estimate that culture-negative IE
may actually account for more than 20% of true cases
[32, 52]. Reasons for negative blood cultures among pa-
tients with IE include: prior antibiotic therapy, inade-
quate culture techniques, fastidious or unexpected
pathogens, or non-infectious endocarditis [32, 51, 52].
A recent review of culture-negative IE suggested that
up to 50% of cases are caused by Coxiella burnetii, and
almost 25% are caused by Bartonella species [51]. Se-
rologic studies are instrumental in diagnosing both Q
fever and Bartonella endocarditis. PCR of valve tissue
or of serum has also increased detection rates of Barto-
nella species in IE [53]. Recent studies have shown
mortality rates in culture-negative IE of less than 10%,
much lower than previously reported [51, 52].

26.6
Complications
26.6.1
Congestive Heart Failure

Over half of patients with IE suffer at least one compli-
cation from the disease [54]. CHF is one of the most
common complications of IE in both native and pros-
thetic valves, and is usually due to infection-induced
valvular dysfunction [55]. In retrospective studies of
IE patients with CHF, medical management alone is as-
sociated with higher mortality than surgical and medi-
cal management combined (60% vs. 29%) [56]. Pa-
tients with aortic valve IE are more likely to develop se-
vere CHF than those with mitral valve IE [32, 56, 57].
CHF is an important indication for surgical interven-
tion, particularly in the setting of aortic valve IE [12,
32, 55–57].

26.6.2
Perivalvular/Intracardiac Abscess

Perivalvular or intracardiac abscesses complicate ap-
proximately 20–40% of cases of IE [58–60]. Periannu-
lar extension of infection is more common in IE of the
aortic valve [56, 59] and occurs more frequently in PVE
than in NVE [55, 56, 59, 60]. Intracardiac infection ex-
tending to the conduction system and causing heart
block is more common in aortic valve IE [55, 56, 59].
Patients with perivalvular or intracardiac abscesses
have increased rates of embolization and higher mor-
tality [56, 58, 59]. Staphylococcal IE has been associat-
ed with an increased incidence of perivalvular abscess
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[58–60]. Periannular infection is best diagnosed using
TEE and usually requires surgical intervention [55, 58].

26.6.3
Embolization

Twenty to 50% of patients with IE experience at least
one embolic event during the course of illness [32, 54,
61]. Embolization to the central nervous system ac-
counts for 40–65% of embolic events, and the middle
cerebral artery is the most commonly affected vascular
distribution [32, 54, 62]. Other common sites of embo-
lization include the spleen, kidneys, lungs, and liver
[54, 57]. Many studies have shown rates of embolic
events to be highest in the first 2 weeks after diagnosis,
with decreasing risk once antibiotic therapy is begun
[62, 63]. Several echocardiographic characteristics
have been correlated with increased risk of emboliza-
tion including vegetation size greater than 10 mm and
vegetation on the mitral valve, particularly on the ante-
rior mitral valve leaflet [32, 57]. Overall, embolic events
during the course of IE have been associated with a
two- to fourfold increase in mortality [57].

26.7
Management Issues
26.7.1
Antibiotic Therapy

The complexity of antibiotic selection and the long-term
nature of treatment of IE make consultation with an in-
fectious diseases specialist advisable in most cases. Over
50% of IE cases are managed with antibiotic therapy
alone [32]. Parenteral therapy is preferred because of
consistently higher antibiotic levels as compared to oral
regimens, which often yield inconsistent drug levels due
to variable GI absorption [12]. Long durations of thera-
py are necessary because of both poor penetration of an-
tibiotics into valvular vegetations and high concentra-
tions of microorganisms within those vegetations [12].

Combination regimens with a cell wall-active agent
( q -lactam or vancomycin) and an aminoglycoside are
used for synergistic effects in the treatment of many
cases of gram-positive IE. Because cell wall-active
agents increase aminoglycoside entry into susceptible
bacteria, these agents should be dosed in close temporal
proximity to one another to maximize synergistic ef-
fects. Though in vitro and animal studies provide the
rationale for this combination therapy, clinical data are
scarce. The combination of a q -lactam and aminoglyco-
side for S. aureus IE reduced the duration of bacteremia
in one study but did not improve clinical outcomes [39].
A recent meta-analysis examining the addition of an
aminoglycoside to a cell wall-active agent in treatment
of S. aureus and viridans streptococci showed no clini-

cal benefit of combination therapy [64]. When using
aminoglycosides for synergy in treatment of gram-pos-
itive IE, doses and resultant peak and trough levels are
generally lower than those recommended for primary
treatment of gram-negative infections [12, 32].

Once antibiotic therapy has been initiated, blood
cultures should be drawn at least every 48 h until clear-
ance of bacteremia has been documented. Treatment
duration should be counted from the time of the first
negative blood cultures. If an aminoglycoside or vanco-
mycin is used, levels should be monitored intermittent-
ly to prevent toxicity [12, 32].

26.7.2
Surgical Intervention

Because decisions regarding surgery for patients with IE
are complex, and because the need for surgical interven-
tion is often sudden, it is often advisable to include a sur-
geon in the management of patients with IE. Current
guidelines for surgical treatment of IE are based primar-
ily on observational data rather than prospective ran-
domized trials [12, 65]. Limitations in the quality of evi-
dence should be taken into account when considering
existing recommendations for surgical intervention.

The presence of CHF is a strong indication for surgi-
cal treatment [55, 57]. Mortality among patients with
moderate to severe CHF is greater than 50% in those
managed medically, but decreases to only 10–35% in
those managed both surgically and medically [57]. Se-
vere valvular dysfunction or dehiscence is also consid-
ered an indication for surgery because of the potential
for the development of CHF with sudden clinical dete-
rioration [55, 56]. This risk appears to be higher for pa-
tients with aortic valve IE than for those with mitral
valve IE [56, 66].

Patients with perivalvular or intracardiac abscess
should be strongly considered for surgery. Abscess for-
mation results in decreased penetration of antibiotics
to the site of infection, making medical treatment alone
less likely to be successful [59]. In addition, abscesses
often cause heart block and valvular insufficiency with
resultant CHF [55, 56, 59].

In general, IE of a prosthetic valve is considered an
indication for surgery based on data showing higher
mortality in patients who receive medical management
alone [57, 67]. Some studies suggest that certain pa-
tients with late PVE may be adequately managed with
medical therapy alone [68, 69]. Patients with PVE but
without clinically significant heart failure, those who
improve on antibiotic therapy, and those who have IE
caused by less virulent organisms such as viridans
streptococci may be considered for initial non-surgical
management [68].

Patients with organisms that have been historically
refractory to medical management, such as Pseudomo-
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nas, Brucella, Coxiella, and Candida, may benefit from
surgical management [32, 55, 57]. In addition, patients
with IE caused by organisms resistant to multiple bac-
tericidal agents should be considered for surgery.

Surgical interventions based on echocardiographic
predictors of embolism, or on a history of an embolic
event, have not been associated with decreased mortal-
ity [32, 57]. Specific echocardiographic criteria can
predict risk of embolization [61, 63], but this risk of
embolization must be weighed against surgical risk for
each individual patient. If surgical treatment is under-
taken to minimize embolization risk, this intervention
is most useful when performed early after the initial di-
agnosis of IE is made [32, 57].

Forty to 45% of patients with IE undergo surgery,
and recent data suggest that the rates of surgical inter-
vention are essentially the same in NVE and PVE [67,
70]. Surgical intervention is more common in younger
patients with CHF, perivalvular abscess, and coagulase-
negative staphylococcal IE. In selected patients, surgi-
cal treatment has been associated with lower mortality.
In-hospital mortality is marginally decreased in pa-
tients with PVE who undergo surgery, but decreases
dramatically in patients receiving surgery for NVE [67,
70]. Longitudinal outcome studies show continued sur-
vival benefit after surgical intervention in patients with
multiple indications for surgery. In cases of PVE, long-
term survival at 10 years has been predicted at 28%
with medical therapy and 58% with surgery [70]. Anal-
ysis of 6-month mortality in a cohort of patients with
NVE showed a sustained mortality benefit in patients
managed surgically (14%) compared to patients re-
ceiving medical therapy (51%) [73]. Overall, surgery is
associated with lower mortality in selected patients
with either NVE or PVE.

26.7.3
Right-Sided IE

Approximately 10% of IE cases involve the right side of
the heart, almost always affecting the tricuspid valve
[32, 72]. Right-sided IE is primarily a disease of intrave-
nous drug users and has different clinical characteris-
tics than left-sided IE [73]. Patients with right-sided IE
are younger and have less underlying valve disease than
patients with left-sided IE [32, 73]. Clinical manifesta-
tions of right-sided IE are often the result of septic pul-
monary emboli and include pleuritic chest pain, dys-
pnea and hemoptysis. More than two-thirds of patients
with right-sided IE have abnormal chest X-rays [32].
Echocardiography often reveals large vegetations
(>20 mm), and valvular destruction may be severe [73].
Right-sided IE can present with symptoms of right-sid-
ed heart failure caused by tricuspid valve damage.

Staphylococcus aureus is the most commonly isolat-
ed organism in right-sided IE. In contrast to the recom-

mended 6-week course of antibiotic therapy for left-
sided S. aureus IE, select cases of tricuspid valve S. aure-
us IE may be managed with shorter courses of parenter-
al antibiotics or with oral regimens [32, 73–75]. Pa-
tients with concurrent left-sided IE, evidence of meta-
static infection, CHF, prosthetic valves, vegetations
larger than 10 mm, immunocompromised status, or in-
fection with methicillin-resistant S. aureus are not con-
sidered candidates for shorter course therapy or oral
regimens [73]. Overall, the prognosis for right-sided IE
is good with mortality rates less than 10% [72, 73].

26.7.4
Prosthetic Valve Endocarditis

The risk of prosthetic valve endocarditis (PVE) is high-
est in the initial postoperative period, and is estimated
at 1–5% in the first 12 months [57, 76, 77]. Overall, the
risk of PVE is similar for mechanical and bioprosthetic
valves and does not appear to differ between the aortic
and mitral positions [77–79]. Early-onset PVE, occur-
ring within the first 12 months after surgery, is usually
nosocomial in origin and is most often caused by coag-
ulase-negative staphylococci or S. aureus [78]. Late-on-
set PVE, diagnosed more than 12 months after surgery,
has similar microbiology to NVE [42, 79].

The antibiotics used for treatment of PVE are simi-
lar to NVE, but longer courses of therapy are typically
required. One notable exception to this rule is the addi-
tion of rifampin to the treatment regimen for PVE
caused by S. aureus. Please see Table 26.3 for treatment
recommendations. Surgical intervention should be
considered in patients with PVE, particularly those at
high risk for treatment failure.

26.7.5
Mortality

In recent studies, in-hospital mortality among patients
with IE has been estimated at 15–20%, with subse-
quent 12-month mortality rates of 20–30% [16, 61,
80–82]. Mortality is similar in NVE and PVE [57].
While there does not appear to be a significant differ-
ence in survival between mitral and aortic valve IE, pa-
tients with right-sided IE have significantly lower mor-
tality rates when compared to those with left-sided IE
[57]. Mortality has been shown to vary by causative or-
ganism as well. Viridans streptococci and enterococci
are associated with lower mortality in native valve IE
while S. aureus IE is associated with higher mortality
[16]. IE caused by gram-negative bacilli or by fungi is
associated with greater than 50% mortality [57].

Many of the complications of IE are also indepen-
dent risk factors for mortality. CHF [15, 61], periannu-
lar abscess [15], embolic events [4, 82, 83], and large
mobile vegetations on echocardiogram [61, 82, 84]
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have all been associated with mortality. Patient factors
such as nosocomial acquisition of infection [83], older
age [61], immunocompromised status [4], diabetes
[80], severity of illness such as APACHE II score [80],
hemodynamic instability [4], altered mental status [4,
82, 83] and renal failure [61, 82, 83] are significant pre-
dictors of mortality.

Table 26.4. Cardiac conditions associated with endocarditis.
Adapted with permission from Dajani et al. [8]

Endocarditis prophylaxis recommended
High-risk category
Prosthetic cardiac valves, including bioprosthetic and

homograft valves
Previous bacterial endocarditis
Complex cyanotic congenital heart disease (e.g., single ven-

tricle states, transposition of the great arteries, tetralogy
of Fallot)

Surgically constructed systemic pulmonary shunts or
conduits

Moderate-risk category
Most other congenital cardiac malformations (other than

above and below)
Acquired valve dysfunction (e.g., rheumatic heart disease)
Hypertrophic cardiomyopathy
Mitral valve prolapse with valve regurgitation and/or

thickened leaflets

Endocarditis prophylaxis not recommended
Negligible-risk category (no greater risk than the general
population)
Isolated secundum atrial septal defect
Surgical repair of atrial septal defect, ventricular septal de-

fect, or patent ductus arteriosus (without residual abnor-
mality, greater than 6 months after repair)

Previous coronary artery bypass graft surgery
Mitral valve prolapse without valve regurgitation
Physiologic, functional, or innocent heart murmurs
Previous Kawasaki disease without valve dysfunction
Previous rheumatic fever without valve dysfunction
Cardiac pacemakers (intravascular and epicardial) and

implanted defibrillators

Table 26.6. Prophylactic antibiotic regimens for prevention of endocarditis in adults. Adapted with permission from Dajani et al. [8]

Procedure Recommended regimen Alternatives

Respiratory/esophageal Amoxicillin 2 g PO 1 h before
procedure

Penicillin allergy: clindamycin 600 mg PO, or ce-
phalexina or cefadroxila 2 g PO, or azithromycin or
clarithromycin 500 mg PO 1 h before procedure
Unable to take oral medications: ampicillin 2 g
IM/IV or cefazolina 1 g IM/IV or clindamycin
600 mg IV within 30 min before procedure

Genitourinary/gastrointestinal
(other than esophageal), patient
with high-risk cardiac condition

Ampicillin 2 g IM/IV plus gentami-
cin 1.5 mg/kg IV/IM (not to exceed
120 mg) within 30 min of starting
procedure; 6 h later, ampicillin 1 g
IM/IV or amoxicillin 1 g orally

Penicillin allergy: vancomycin 1 g IV over 1–2 h
plus gentamicin 1.5 mg/kg IV/IM (not to exceed
120 mg); complete injection/infusion within
30 min of starting procedure

Genitourinary/gastrointestinal
(other than esophageal), patient with
moderate-risk cardiac condition

Amoxicillin 2 g PO 1 h before proce-
dure, or ampicillin 2 g IM/IV within
30 min of starting procedure

Penicillin allergy: vancomycin 1 g IV over 1–2 h;
complete infusion within 30 min of starting pro-
cedure

a Cephalosporins should not be used in individuals with immediate-type hypersensitivity reaction (urticaria, angioedema, or
anaphylaxis) to penicillins

26.8
Antimicrobial Prophylaxis

Many procedures that cause mucosal or cutaneous
trauma cause transient bacteremia. Patients with cer-
tain cardiac defects are more likely to develop IE after
bacteremia. This is the rationale for antimicrobial pro-
phylaxis to prevent IE at the time of certain procedures.
There have been no randomized controlled trials in at-
risk patients to prove definitively that prophylaxis
works, but nevertheless it is common practice [8]. The
AHA Practice Guideline for the Prevention of Bacterial
Endocarditis is an excellent source of information re-
garding antimicrobial prophylaxis [8].

Table 26.5. Selected procedures and antimicrobial prophylaxis.
Adapted with permission from Dajani et al. [8]

Endocarditis prophylaxis recommended
Surgical operations that involve respiratory, intestinal, or

biliary mucosa
Bronchoscopy with a rigid bronchoscope
Sclerotherapy for esophageal varices
Esophageal stricture dilation
Endoscopic retrograde cholangiography with biliary

obstruction
Cystoscopy
Urethral dilation

Endocarditis prophylaxis not recommended
Endotracheal intubation
Bronchoscopy with a flexible bronchoscope, with or
without biopsya

Transesophageal echocardiographya

Esophagogastroduodenoscopy (EGD) with or without
gastrointestinal biopsya

Urethral catheterization
Cardiac catheterization, including balloon angioplasty
Implantation of cardiac pacemakers, defibrillators, or

coronary stents
Incision or biopsy of surgically scrubbed skin

a Prophylaxis is optional for high-risk patients
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Prophylaxis is recommended when a patient with a
moderate- or high-risk cardiac lesion undergoes a pro-
cedure for which prophylaxis is recommended. The
cardiac lesion classification is presented in Table 26.4,
and a partial list of procedures is shown in Table 26.5.
In general, if prophylaxis is indicated, oral regimens
should be given 1 h prior to the procedure, and intrave-
nous regimens should be completed 30 min prior to the
procedure. Prophylactic antibiotic recommendations
are shown in Table 26.6.
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27 Influenza
P.R. Brookmeyer, K.F. Woeltje

27.1
Introduction

Influenza infections account for significant morbidity
and mortality both in the United States and worldwide.
Approximately 5–15% of the world’s population devel-
ops the disease annually. In the United States, 114,000
hospitalizations and 36,000 deaths are thought to occur
annually [1], with an estimated annual economic im-
pact of 3–5 billion dollars [2]. Complications of influ-
enza include primary and secondary pneumonias, re-
spiratory failure and rarely myositis and neurologic
failures. These complications often lead to ICU admis-
sion, especially in the elderly or immunocompromised
population.

Superimposed on these annual epidemics are peri-
odic pandemics, the most famous being the “Spanish
Influenza” of 1918–1919, in which at least 20 million
and perhaps as many as 100 million persons suc-
cumbed worldwide [3]. Based on conservative attack
and mortality rates, it is estimated that in the United
States alone the next influenza pandemic may result in
314,000–734,000 hospitalizations, and claim between
89,000 and 207,000 lives, with an economic impact of
70–170 billion dollars [4]. In the new pandemic, it is
projected that the ICU capacity in the United States will
be overwhelmed, requiring the painful decision to
withhold care from patients unlikely to survive, focus-
ing on patients most likely to respond to ventilatory
and other therapy.

Fig. 27.1. Influenza A anti-
genic shifts

27.2
History

The influenza virus has likely been causing annual epi-
demics and periodic pandemics since antiquity. One of
the first references to influenza in the “modern litera-
ture” appears to be Sydenham’s account in 1679 [5]. In
a classic review of historical pathology by Hirsch, 299
outbreaks of influenza occurring at an average interval
of 2.4 years were calculated between 1173 and 1875 [6].
Industrialization and the increased pace of transporta-
tion resulted in increasingly rapid spread of severe pan-
demic influenza. This culminated in the 1918–1919
“Spanish Influenza.” This famous pandemic was nota-
ble for its surprisingly heavy toll on young adults, with
mortality rates in some areas reaching 5–10%. In the
United States, draconian infection control measures in-
cluded closing public schools, creating quarantines,
and travel passes. At least three additional somewhat
milder pandemics occurred throughout the remainder
of the 20th century (Fig. 27.1).

27.3
Virology

The influenza virus is a member of the Orthomyxoviri-
dae family, a family which includes influenza A, B, C,
Thogoto virus, and the infectious salmon anemia virus.
This family is characterized by a host derived envelope,
a negative sense single stranded, segmented RNA ge-
nome, and envelope glycoproteins important in viral
entry and exit from cells. The morphology of the three
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subtypes of influenza is similar, with an 80–120 nm vi-
ron size, 9–12 structural proteins, and 7–8 gene seg-
ments. On the surface of the influenza virus are spike-
like projections of glycoproteins that possess either
hemagglutinin or neuraminidase activity, both of
which are critical to viral replication. The hemaggluti-
nin facilitates entry of the virus into host cells by at-
tachment to sialic-acid receptors. A major function of
the neuraminidase is to catalyze the cleavage of glyco-
sidic linkages to sialic acid, which allows the completed
virion to be released from infected cells [7]. There are at
least 16 antigenetically diverse hemagglutinins and 9
distinct neuraminidases in influenza A, the majority of
which exist in non-human hosts [8]. Influenza A vi-
ruses are typically designated HxNy where the x and y
represent which hemagglutinin and neuraminidase, re-
spectively, the virus carries. Thus influenza A H3N2
possesses a type 3 hemagglutinin and a type 2 neur-
aminidase. The numbering scheme is arbitrary and
carries no intrinsic meaning; the numbers only repre-
sent a way to distinguish between types of the mole-
cules. In contrast, influenza B has only one known
hemagglutinin and only one neuraminidase. Other vi-
ral proteins include the Matrix (M) protein, which con-
trols nuclear transport, the Nucleoprotein (NP), a regu-
lator of transcription, and Matrix 2 (M2) protein, an
ion channel required for uncoating.

Influenza is classified into types A, B and C based on
differences in viral proteins. Influenza C is somewhat
morphologically distinct, and is classified in a different
genus from influenza A and B. It infects both humans
and swine, but tends to cause only mild disease without
season variation [9]. In contrast, both influenza A and
B are major causes of disease. Influenza B infects only
humans, typically causing severe disease in the elderly
or high risk patients. It rarely causes epidemics, and
does not cause pandemics. Influenza A infects many
hosts, including humans, birds, swine, horses, and ma-
rine mammals. It is a common cause of both annual ep-
idemics and periodic pandemics.

27.3.1
Antigenic Variation

While infection with influenza results in the develop-
ment of both humoral and cell mediated protective im-
munity, individuals may be re-infected periodically.
This is secondary to changes in influenza antigens re-
sulting in virus subtypes to which humans have little or
no resistance. Through these changes, influenza has re-
mained a significant pathogen over the ages despite the
advent of vaccines. The changes occur via changes in
the surface glycoproteins of the virus, neuraminidase
and hemagglutinin. Two types of antigenic change are
described, known as antigenic drift and antigenic shift.

27.3.1.1
Antigenic Drift

Antigenic drift refers to the minor antigenic changes
which occur in the hemagglutinin and neuraminidase
proteins. The mechanism of antigenic drift is the grad-
ual accumulation of amino acid substitutions due to
point mutations in the hemagglutinin and neuramini-
dase genes [10, 11]. As mutations accumulate, anti-
bodies generated by exposure to previous strains do
not neutralize current strains to the same extent, result-
ing in only limited or partial immunity to the new
strains. It is felt that decreased recognition of the new
strains acts as a type of natural selection; new strains
with less immune recognition become the predomi-
nant strain in annual epidemics. Antigenic drift is pre-
sent in both the influenza A and B subtypes.

27.3.1.2
Antigenic Shift

Antigenic shift occurs only in influenza A. Compared
with previous strains, the predominant circulating vi-
rus possesses a different hemagglutinin, neuramini-
dase, or both. There is little or no antibody recognition
of these new stains, thereby creating strains that may
become a source of epidemic and pandemic influenza.
There is a strong association between antigenic shifts
with the occurrence of pandemics. The severe pandem-
ics of 1918–1919 (shift to H1N1) and 1957 (shift to
H2N2) were associated with shifts of both the hemag-
glutinin and neuraminidase [12, 13]. The less extensive
pandemic of 1968 was associated with only a shift to a
new hemagglutinin (shift to H3N2) [14]. Interestingly,
the “pseudo-pandemic” of 1977, which involved an in-
fluenza A virus which had shifted back to H1N1, affect-
ed primarily younger individuals, born after the H1N1
virus had last circulated [15].

Antigenic shift can occur through a variety of mech-
anisms. Non-human influenza is selective in its tro-
pism, and cannot easily replicate in humans [16]. How-
ever, avian influenza viruses may replicate in non-avi-
an, non-human reservoirs (like swine). A pig that was
co-infected with both avian and human strains of influ-
enza might result in a genetic reassortment that pro-
duces a novel virus capable of replication in and trans-
mission between humans [17]. This reassortment pro-
cess may happen frequently, but may result in viruses
with decreased pathogenicity or limited tropism in hu-
mans, and therefore severe pandemics do not begin.

Alternatively, mutations may occur directly in a
non-human virus, such as an avian virus, that allow the
virus to readily spread from person to person [18]. This
process may occur partially, so that spread from ani-
mals to humans is possible, but human-to-human
spread does not occur. An example is H5N1 avian influ-
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enza. Beginning in late 2003 an epizootic developed in
Southeast Asia, which by the spring of 2006 had be-
come a panzootic in wild birds and domestic poultry
involving parts of Europe and Africa as well. Between
December 2003 and March 2006, a total of 186 persons
had cases of H5N1 influenza confirmed by the World
Health Organization, of whom 105 (56%) died. Almost
all patients who developed the infection appear to have
acquired it directly from sick birds, presumably be-
cause the virus had restricted tropism and was not able
to spread readily from person to person [19]. At the
time this chapter was written the H5N1 avian influenza
panzootic was still spreading.

27.4
Epidemiology

In temperate regions influenza spread occurs annually
with the peak epidemic during winter months. Con-
versely, in tropical regions outbreaks of influenza may
occur year round. In annual influenza epidemics be-
tween 5% and 15% of the population may develop dis-
ease. While attack rates are greatest in the young, influ-
enza-associated mortality is highest in the elderly and
immunocompromised. Risk factors for influenza-asso-
ciated complications include chronic lung, heart and
renal disease [20, 21]. The entire epidemic appears to
take approximately 5–6 weeks to circulate through the
community. How influenza persists between the annual
epidemics is poorly understood.

Epidemic influenza occurs annually. However, an in-
fluenza pandemic occurs every several decades and in-
volves the entire world. Influenza strains causing pan-
demic influenza are usually the result of antigenic shift,
with little immunity in the populace. While past pan-
demics such as the 1918 pandemic took many months
to spread throughout the world, the rapid pace of mod-
ern travel would likely allow a new pandemic to spread
much more rapidly, allowing little time for initially un-
affected regions to prepare.

27.5
Transmission and Pathophysiology

Influenza spreads rapidly in communities. The mecha-
nism of spread from person to person is primarily
droplet via small particle sized aerosols [22]. Once the
virus is deposited on the respiratory epithelium, the in-
fluenza virus attaches to ciliated columnar epithelial
cells via the hemagglutinin molecule. The cells are then
invaded and viral replication occurs. Released viruses
then infect large numbers of adjacent epithelial cells,
and therefore within a few replication cycles large num-
bers of cells may be infected. The incubation period

from exposure to the onset of illness appears to range
from 1 to 3 days, with the average period 2 days. Adults
can be infectious from the day before symptoms begin
through approximately 5 days after illness onset. Chil-
dren can be infectious for 10 days or more, and young
children can shed virus for several days before their ill-
ness onset. Severely immunocompromised persons can
shed virus for weeks or months [23]. Immune re-
sponses to influenza infection include both nonspecific
and specific immunity. Nonspecific defenses include
nonspecific mucoproteins which bind virus and the
mechanical apparatus of the muco-ciliary apparatus.
Patients with defective muco-ciliary apparatuses, such
as smokers, tend to have higher attack rates and more
severe complications of influenza infection. Specific
defenses include both humeral and cell mediated re-
sponses. Infection with influenza results in long-lived
resistance to re-infection with the same virus subtype.
However, because of antigenic shift and drift, there is
only limited protection against new subtypes. A good
illustration of the long lived immunity to specific vi-
ruses is the 1977 reemergence of the H1N1 subtype,
where people alive during the 1918 pandemic were
largely immune and not affected.

Antibody responses to the influenza virus are typi-
cally directed against the hemagglutinin, neuramini-
dase, structural proteins M and NP, and to some degree
to the M2 protein. Antibodies responses have variable
cross protection within viral subtypes depending on
the amount of change of the antigen resulting from an-
tigenic shift or drift. Antibodies to hemagglutinin ap-
pear most important in protecting against disease and
future infection with the same subtype. Antibodies to
neuraminidase reduce efficient release of virus and de-
creases plaque size in in-vitro assays. Peak antibodies
are formed approximately 4–7 weeks after infection,
then slowly decline. There appears to be a significant
mucosal response to the hemagglutinin antigen, with
nasal secretions containing IgG and IgA.

27.6
Clinical Disease

The clinical features of an uncomplicated influenza are
nondescript, and virtually indistinguishable from oth-
er respiratory viral infections. Influenza is character-
ized by an abrupt onset of headache, fevers, often high
grade, dry cough, myalgia, malaise and anorexia. The
cough is variable, often initially nonproductive, then
productive of small amounts of mucous, usually non-
purulent. Duration of fevers average 3 days, with a
range of 4–8 days. Cough and weakness (“post-influ-
enza asthenia”) may persist for weeks after fever and
upper respiratory tract symptoms have resolved. Physi-
cal exam usually reveals flushing, tachycardia, and oc-
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casionally tachypnea. The pulmonary exam is general-
ly unremarkable in uncomplicated cases. Early in the
illness even otherwise healthy people may appear quite
ill, and during times of epidemic both physician prac-
tices and emergency rooms are often swamped with in-
fluenza patients, which potentiates the spread to non-
infected patients.

27.6.1
Complications

The most common complication of influenza is pneu-
monia. Pneumonia can either be primary influenza
pneumonia or a secondary bacterial pneumonia. Pri-
mary influenza pneumonia was first well documented
in the influenza pandemic of 1957–1958 [24]. It is
thought to be a major cause of death during the earlier
pandemic of 1918–1919. Symptoms include high fever,
dyspnea, hypoxemia, and respiratory distress. Chest
radiographs are similar to other viral pneumonias, re-
vealing scant bilateral interstitial infiltrates. Primary
influenza pneumonia has become increasingly rare in
the current interpandemic era.

Secondary bacteria pneumonias are similar to non-
influenza associated pneumonias. Up to 25% of all
mortality from influenza and a large proportion of ICU
admission secondary to influenza are due to secondary
bacterial pneumonias [25]. S. pneumonia is the most
common pathogen associated with post-influenza
pneumonia, accounting for up to 48% in some series.
S. aureus, an otherwise uncommon cause of communi-
ty-acquired pneumonia, is the second most common
organism isolated in this setting (19%). Other more
typical pneumonia pathogens, such as Haemophilus in-
fluenza, are common as well [26]. Secondary pneumo-
nias often develop as the patient is improving from the
primary influenza infection, with the patient improv-
ing briefly, then becoming again febrile, now with
worsening respiratory status and purulent secretion.
Some patients may have features of both viral and bac-
terial pneumonia. While influenza usually does not re-
quire ICU care, high risk patients with severe pneumo-
nia may require intubation and ICU level care.

Non-pneumonia complications of influenza have al-
so been reported. An important complication of influ-
enza is myositis with elevated muscle enzymes. This
must be differentiated from the myalgias, which are
very common with the influenza syndrome. Other
complications include pericarditis, myocarditis, and
CNS complications, the most common of which ap-
pears to be a Guillain-Barre type syndrome [27]. Final-
ly, Reye’s syndrome has been reported in children in-
fected with influenza B and receiving aspirin [28].

27.6.2
Diagnosis

In times of a confirmed epidemic, when influenza is
widespread in the community, a clinical definition based
on fever greater than 37.8°C, and two of four symptoms:
cough, myalgia, sore throat and headache, was found to
have a sensitivity of 77.6% and specificity of 55%, for the
diagnosis of influenza [29, 30]. However, at the beginning
of epidemics, with sporadic cases, and with atypical pre-
sentation, the clinical laboratory must be utilized to dif-
ferentiate influenza from other respiratory viruses.
Available tests include viral culture, a rapid diagnosis us-
ing viral antigens, and the investigational PCR tests.

Viral culture is the gold standard for laboratory di-
agnosis. Virus can be easily isolated by nasal swabs,
throat cultures, and sputum or bronchoalveolar lavage
samples. One study concluded that sputum and nasal
aspirates had the highest positive predictive value, and
throat swabs the worst; however, this study did not in-
clude bronchoalveolar lavage specimens [31]. After col-
lection and transport in viral transport medium, the
specimens are inoculated into specific cell cultures,
where virus is detected by cytopathic effect [32]. Less
commonly, embryonated eggs can be used for virus
propagation, followed by characterization of the virus
by hemagglutination inhibition. Unfortunately, viral
culture takes up to 72 h to see a cytopathic effect, but
has the benefit of allowing for sub-typing of viral
strains, which is critical in the assessment of the cur-
rent year’s vaccine and development of the next.

As rapid diagnosis of influenza is very important for
treatment and infection control, a number of commer-
cial rapid diagnostic tests have recently been devel-
oped. These tests can yield results in as little as 30 min.
They differ in the types of influenza viruses they can
detect and whether they can distinguish between influ-
enza types. Different tests can detect: (1) only influenza
A viruses; (2) both influenza A and B viruses, but not
distinguish between the two types; or (3) both influen-
za A and B and differentiation between the two [33].
These tests are based on the immunologic detection of
viral antigens via immunofluorescence or enzyme im-
munoassays. The reported sensitivities of these rapid
diagnostic methods range from 40% to 80% [34].

PCR has also been used for diagnosis, though usually
in a research setting. Some authors have suggested that
PCR may be more sensitive than viral culture, as it can
detect virons which have lost replicative viability [35].
Unfortunately, PCR is expensive, and labor intensive, and
currently tends to be confined to research institutions.

Serological diagnosis of influenza is possible, but
can be difficult to interpret as most people have been
previously infected. Acute and convalescent specimens,
which reveal a fourfold rise in titers, are considered di-
agnostic.
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27.6.3
Treatment

While prevention of influenza is by the far the best
measure to combat influenza, four antiviral drugs in
two mechanistic classes are currently available and
FDA approved for the treatment of influenza. These
drugs, when used in the first 24–48 h of illness, appear
to shorten duration of symptoms for between 1 and
2 days [36, 37]. The M2 inhibitors amantidine and rim-
antidine have been used since the 1960s, but are only
active against influenza A. The M2 inhibitors target the
M2 ion channel, which is important in replication of the
viron. The major side effects of amantidine are central
nervous system symptoms such insomnia, impaired
thinking, dizziness and lightheadedness, resulting in
discontinuation rates of up to 13%. Ramantidine ap-
pears to have far fewer symptoms, and discontinuation
rates of about 6% have been reported [38]. In recent
years an increasing M2 channel inhibitor resistance has
surfaced. During the 2005–2006 influenza year, CDC
testing of 120 influenza A (H3N2) viruses isolated from
patients in 23 states revealed resistance rates of 91%.
Therefore, during this season, the CDC has recom-
mended against the use of M2 inhibitors in the treat-
ment or prevention of influenza A [39]. Continuation of
this resistance trend appears likely in the future.

Neuraminidase inhibitors, including inhaled zana-
mivir and oral oseltamivir, are newer potent agents, ac-
tive and approved against both influenza A and B. The
neuraminidase inhibitors inhibit the functioning of the
viral neuraminidase, which cleaves sialic acid contain-
ing receptors, allowing release of completed viron from
the infected cell. Oseltamivir is generally well tolerated,
and major side effects are limited to nausea and vomi-
ting, which typically do not require drug cessation. Za-
namivir is supplied as a dry powder for inhalation, and
has been linked to bronchospasm and decrease in peak
flows in asthmatics [40], as well as gastrointestinal up-
set. The manufacturer has released a warning advising
patients with COPD or asthma to have a fast acting in-
haler available prior to administration.

27.7
Prevention
27.7.1
Vaccination

Vaccination is by far the best method for prevention of
influenza. Influenza is unique among vaccine prevent-
able illnesses because its high rate of mutation requires
development and implementation of a new vaccine an-
nually. Worldwide surveillance and a degree of luck are
required to select the proper antigenic variants of influ-
enza to include in the vaccine months before the start of

the annual flu season [41]. In the United States there are
currently two licensed vaccines, a trivalent inactivated
vaccine (TIV), and a trivalent live-attenuated influenza
vaccine (LAIV).

The inactivated vaccine was first licensed in 1943,
and now usually contains three influenza antigenic
strains – two type A, and one type B. After the likely
predominant strains are identified, the viruses are
grown in embryonated chicken eggs. They are then in-
activated, purified, split into viral fragments, and final-
ly combined into vaccine. Nearly 6 months after identi-
fication of target strains is required for vaccine produc-
tion. Therefore if the educated guesses regarding the
dominant strains are incorrect there is no time to de-
velop alternative vaccines. When there is a good match
between vaccine and epidemic virus, levels of protec-
tion from influenza infection range from 70% to 90%
[42], although it is typically less in elderly and chroni-
cally ill patients. Patients who do get infected with in-
fluenza despite having been vaccinated tend to have
less severe disease, and have lower mortality rates. The
inactivated vaccine is well tolerated; contraindications
are limited to allergies to eggs and a history of a severe
adverse reaction. Individuals with a febrile infection
should not be vaccinated until its resolution, since they
may have a decreased immune response to the vaccine.

The live attenuated influenza vaccine was licensed in
2003. Although it is a live viral vaccine, the virus is cold
adapted, so that it only replicates at the lower tempera-
tures found in the anterior nares [43]. While both the
inactivated and live vaccines induce systemic antibody
responses, the cold adapted vaccine additionally con-
fers a significant specific mucosal antibody response
(IgA). The cold adapted vaccine is currently only FDA
approved for those between 5 and 49 years of age. Con-
traindications include immunosuppression, HIV infec-
tion, malignancy, leukemia, or lymphoma, and those
between age 5 and 17 receiving aspirin products, be-
cause of the association of Reye syndrome with aspirin
and wild-type influenza infection [44]. The live attenu-
ated vaccine can be given to healthcare workers. Work
restrictions are not necessary after this vaccine except
for those caring for immunocompromised patients
who require a protective environment (e.g., bone-mar-
row transplant patients) [45].

Influenza vaccine is recommended for patients at in-
creased risk for complications, including those older
than 50, and those with chronic pulmonary or cardiac
disease, diabetes, renal disfunction, or immunosup-
pression (see Table 27.1). Vaccination is also strongly
recommended for all healthcare workers.

During the 2004–2005 influenza season, manufac-
ture problems resulted in large shortages of the killed
vaccine, resulting in rationing of vaccine. The CDC has
recommended a triage system to identify those at high-
est risk who should receive vaccination priority in
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Table 27.1. Priority groups for the inactivated influenza vaccine
in case of shortages (adapted from [54])

Tier Priority group

1 A Persons aged & 65 years with comorbid conditions
Residents of long-term-care facilities

1 B Persons aged 2–64 years with comorbid conditions
Persons aged >65 years without comorbid conditions
Children aged 6–23 months
Pregnant women

1 C Healthcare personnel
Household contacts and out-of-home caregivers of
children aged <6 months

2 Household contacts of children and adults at in-
creased risk for influenza-related complications
Healthy persons aged 50–64 years

3 Persons aged 2–49 years without high-risk conditions

Table 27.2. CDC recommendations for influenza vaccination
(adapted from [54])

Persons at increased risk for complications
Persons aged & 65 years
Residents of nursing homes and other chronic care
Adults and children who have chronic pulmonary or car-

diovascular system diseases, including asthma (hyperten-
sion is excluded)

Adults and children with chronic metabolic diseases (in-
cluding diabetes mellitus), renal dysfunction, hemoglo-
binopathies, or immunosuppression

Adults and children who have any condition (e.g., cognitive
dysfunction, spinal cord injuries, seizure disorders, or
other neuromuscular disorders) that can compromise re-
spiratory function or the handling of respiratory secretion

Children and adolescents (aged 6 months–18 years) who are
receiving long-term aspirin

Women who will be pregnant during the influenza season
Children aged 6–23 months

Persons aged 50–64 years
Vaccination is recommended for all persons aged

50–64 years

Persons who can transmit influenza to those at high risk
Healthcare workers including physicians, nurses, and other

personnel
Employees of assisted living and other residences for per-

sons in groups at high risk
Persons who provide home care to persons in groups at

high risk; and household contacts (including children) of
persons in groups at high risk

Household contacts of children aged 0–23 months

times of shortages (see Table 27.2). New vaccine devel-
opment and production techniques, such as acellular
vaccines, that allow for rapid production and deploy-
ment need to be developed in order to avoid future
shortages. These methods would also allow rapid vac-
cine development during the influenza seasons when
antigen matches are poor. In the setting of a vaccine
shortage, consideration could also be given to using the
LAIV in an expanded patient population (although this
would be an off-label use) [46].

27.7.2
Antiviral Prophylaxis

All of the antiviral medicines used for therapy have also
been used as post-exposure prophylaxis during times
when influenza is circulating in the community. How-
ever, because of the rapid development of resistance in
the H3N2 influenza virus noted during the 2005–2006
influenza season, the M2 inhibitors amantadine and
rimantadine are no longer recommended for prophy-
laxis. Among neuraminidase inhibitors, zanamivir has
not been FDA approved for prophylaxis. As antiviral
prophylaxis is expensive, and not without side effects,
prophylaxis must not be used in place of vaccination.
Additionally, all individuals who are initiated on antivi-
ral prophylaxis should also receive the influenza vac-
cine. The Advisory Committee on Immunization Prac-
tices recommends consideration of antiviral prophy-
laxis for patients at high risk of complications who have
not received vaccination, those who are unlikely to re-
spond to vaccination and healthcare workers who have
not received vaccination, during times when influenza
is active in the community [47]. Duration of prophylax-
is is controversial and depends of the aim. As a bridge
to vaccination, antiviral drugs should be continued for
2 weeks after vaccination. In “seasonal prophylaxis,”
where the individual cannot receive or is not expected
to amount an immune response to the vaccination, pro-
phylaxis should be initiated upon widespread reports
of influenza in the community and should continue for
4–6 weeks [48]. Antiviral drugs can also be used as
post-exposure prophylaxis, where drugs are given for
7–10 days after contact with an infected person [49].
This will not protect against influenza contracted from
outside the contact after the prophylactic period, and
may be best suited to times of sporadic cases. Many an-
ecdotal reports also support the use of antiviral drugs
in aborting epidemics in nursing homes, and could be
extrapolated to outbreaks in intensive care units [50].

27.8
Infection Control

Patients with influenza should be placed in isolation to
prevent nosocomial spread of the disease. There have
also been several well documented cases of intra-ICU
spread of influenza [51]. The Centers for Disease Con-
trol and Prevention (CDC) recommend that patients
with known or suspected influenza be placed in “Drop-
let Precautions.” [52]. Patients should be placed in a
private room if possible; otherwise cohorting of influ-
enza patients is acceptable. Healthcare workers should
wear a surgical or procedure mask when entering the
room (or working within 0.9 m of the patient). The
mask should be removed upon leaving the room, and
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hand hygiene should be implemented. Patients should
stay in their rooms to the extent possible. If a patient
with known or suspected influenza must travel to a
procedure, a surgical or procedure mask should be
placed on the patient prior to leaving the room. Nega-
tive pressure rooms and N-95 respirators are not rec-
ommended for routine influenza patients. ICUs should
have policies to exclude visitors who have febrile respi-
ratory symptoms. Healthcare workers with febrile re-
spiratory illnesses should likewise not come to work,
thereby avoiding the risk of spreading influenza to pa-
tients and coworkers.

If there is suspicion of nosocomial acquisition of in-
fluenza in an ICU, an investigation should be conducted
by the hospital’s infection control program. Surveillance
for possible additional patients with influenza who may
have gone unrecognized should be conducted. ICU per-
sonnel should also be surveyed to determine who might
have served as a source. Good infection control practices
should be reinforced, especially the prompt isolation of
patients (using droplet precautions) as soon as influenza
is even suspected. Patients and HCW in the ICU who
have not been vaccinated should be offered the flu vac-
cine. If additional nosocomial cases of influenza occur
despite infection control measures, or if the outbreak is
due to a strain of influenza that is a poor match to the
current vaccine, strong consideration should be given to
administering chemoprophylaxis to non-infected ICU
patients for at least 2 weeks [53]. Active surveillance for
additional cases of influenza should continue for at least
2 weeks after the last diagnosed case.
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28 Bloodstream Infection in the Intensive Care Unit
J. Valles

28.1
Introduction

Nosocomial infections occur in 5–10% of patients ad-
mitted to hospitals in the United States [1]. The endem-
ic rates of nosocomial infections vary markedly be-
tween hospitals and between areas of the same hospital.
Patients in intensive care units (ICUs), representing
8–15% of hospital admissions, suffer a disproportion-
ately high percentage of nosocomial infections com-
pared with patients in non-critical care areas [2–7].
Wenzel et al. [3] reported that patients admitted to
ICUs account for 45% of all nosocomial pneumonias
and bloodstream infections, although critical care
units comprise only 5–10% of all hospital beds. Severi-
ty of underlying disease, invasive diagnostic and thera-
peutic procedures, contaminated life-support equip-
ment, and the prevalence of resistant microorganisms
are critical factors in the high rate of infection in ICUs
[8].

Donowitz et al. [5] reported a threefold increase in
the risk of nosocomial infection for ICU patients when
compared with ward patients (18% vs. 6%; p<0.001);
and bloodstream infections were 7.4 times as likely to
occur in ICU patients as in ward patients, with an infec-
tion rate in the ICU of 5.2 episodes per 100 admissions
compared with 0.7 episodes per 100 admissions in a
general ward (p<0.001). Trilla et al. [9], in a study of
the risk factors for nosocomial bloodstream infection
in a large Spanish university hospital, found that
among other variables, the admission to an ICU was
linked with a marked increase in the risk of nosocomial
bloodstream infection (OR=2.37; CI 95%: 1.67–3.38;
p=0.02).

On the other hand, 40% of patients admitted to the
ICU present infections acquired in the community, and
17% of them present bacteremia [10]. The incidence
rate of patients with community-acquired bacteremia
admitted in a general ICU is about 9–10 episodes per
1,000 admissions [11, 12], representing 30–40% of all
episodes of bacteremia in the ICU (Fig. 28.1).

The aim of this chapter is to discuss the clinical im-
portance of bloodstream infection in the ICU, includ-
ing nosocomial and community-acquired episodes.

Fig. 28.1. Distribution of bacteremias in the medical-surgical
ICU of Hospital Sabadell (period 1994–2004). ICU-BI inten-
sive care unit-acquired bloodstream infection, N-BI nosoco-
mial (outside ICU)-acquired bloodstream infection, C-BI com-
munity-acquired bloodstream infection

28.2
Pathophysiology of Bloodstream Infection

Invasion of the blood by microorganisms usually occurs
via one of two mechanisms: drainage from the primary
focus of infection via the lymphatic system to the vascu-
lar system, or direct entry from needles (e.g., in intrave-
nous drug users) or other contaminated intravascular
devices such as catheters or graft material. The presence
of bloodstream infection represents either the failure of
an individual’s host defenses to localize an infection at
its primary site or the failure of a physician to remove,
drain, or otherwise sterilize that focus. Ordinarily, host
defenses respond promptly to a sudden influx of micro-
organisms, particularly by efficient phagocytosis by
macrophages or the mononuclear phagocytic system
that helps clear the blood within minutes to hours.
Clearance may be less efficient when microorganisms
are encapsulated, or it may be enhanced if the host has
antibodies specific for the infecting organism. Clear-
ance of the bloodstream is not always successful. Exam-
ples of this problem are bloodstream infections associ-
ated with intravascular foci and endovascular infections
and episodes that occur in individuals whose host de-
fense mechanisms either are too impaired to respond
efficiently or are simply overwhelmed [13].
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For that reason, the presence of living microorgan-
isms in blood is of substantial clinical importance; it is
an indicator of disseminated infection and, as such,
generally indicates a poorer prognosis than that associ-
ated with localized disease.

28.3
Definitions

Nosocomial bloodstream infection in the ICU is de-
fined in a patient with a clinically significant blood cul-
ture positive for a bacterium or fungus that is obtained
more than 72 h after admission to the ICU or previous-
ly, if it is directly related to a invasive manipulation on
admission to the ICU (e.g., urinary catheterization or
insertion of intravenous line). By contrast, a communi-
ty-acquired bacteremia is defined when the infection
develops in a patient prior to hospital and ICU admis-
sion, or if this episode of bacteremia develops within
the first 48 h of hospital and ICU admission, and it is
not associated with any procedure performed after
hospital or ICU admission. These definitions from the
Centers for Disease Control and Prevention (CDC) con-
sider that infections that are not nosocomial infections
are community-acquired by default [14]. However,
there are patients residing in the community, who are
receiving care at home, living in nursing homes and re-
habilitation centers, receiving chronic dialysis, and re-
ceiving chemotherapy in physicians’ offices who may
present bloodstream infections. These infections have
traditionally been categorized as community-acquired
infections. For this reason, recently a new classification
scheme for bloodstream infection has been proposed
that distinguishes among patients with community-ac-
quired, healthcare-associated, and nosocomial infec-
tions. Healthcare-associated bloodstream infection has
been defined when a positive blood culture is obtained
from a patient at the time of hospital admission or
within 48 h of admission if the patient fulfilled any of
the following criteria: (1) received intravenous therapy
at home, received wound care or specialized nursing
care or had self-administered intravenous medical
therapy; (2) attended a hospital hemodialysis clinic or
received intravenous chemotherapy; (3) was hospital-
ized in an acute care hospital for 2 or more days in the
90 days before the bloodstream infection; or (4) resided
in a nursing home or long-term care facility [15].

Bloodstream infections may be classified as primary
or secondary according to the source of the infection
[14]. Primary bloodstream infection occurs without
any recognizable focus of infection with the same or-
ganism at another site at the time of positive blood cul-
ture, and secondary bloodstream infections are infec-
tions that developed subsequent to a documented in-
fection with the same microorganism at another site.

Episodes secondary to intravenous or arterial lines
have traditionally been classified as primary bacter-
emias; however, if local infection (defined as redness,
tenderness, and pus) is present at the site of an intra-
vascular line, and if the semiquantitative (yielding >15
colonies) or quantitative culture of a segment catheter
is positive to the same strain as in the blood cultures,
they may be classified as secondary bacteremias. Ac-
cording to this definition, in the absence of an identi-
fied source, primary bacteremias should be designated
bacteremias of unknown origin [16–19].

According to clinical patterns of bacteremia, it may
also be useful to categorize bloodstream infection as
transient, intermittent, or continuous [13]. Transient
bacteremia, lasting minutes to hours, is the most com-
mon and occurs after manipulation of infected tissues
(e.g., abscesses); during certain surgical procedures;
when procedures are undertaken that involve contami-
nated or colonized mucosal surfaces (e.g., gastrointes-
tinal endoscopy); and, predictably, at the onset of acute
bacterial infections such as pneumonia, meningitis,
and complicated urinary infections. Intermittent bac-
teremia is that which occurs, clears, and then recurs in
the same patient due to the same microorganism. Clas-
sically, this type of bacteremia is associated with un-
drained closed space infections, such as intra-abdomi-
nal abscesses. Continuous bacteremia is characteristic
of infective endocarditis as well as other endovascular
infections such as arterial graft infections, and suppu-
rative thrombophlebitis associated with intravenous
line infections commonly seen in critically ill patients.

Bloodstream infections may also be categorized as
unimicrobial or polymicrobial depending on the num-
ber of microorganisms isolated during a single bacter-
emic episode.

Blood cultures which are found to be positive in the
laboratory but which do not truly reflect bloodstream
infection in the patient have been termed contaminant
bloodstream infections or, more recently, pseudoblood-
stream infections [16]. Several techniques are available
to assist the clinician and microbiologist in interpreting
the clinical importance of a positive blood culture. The
categorical decision to consider the bloodstream infec-
tion as true infection or a contaminant should take into
account, at least: the patient’s clinical history, physical
findings, body temperature at the time of the blood cul-
ture, leukocyte count and differential cell counts, the
identity of microorganism isolated and the result of cul-
tures of specimens from other sites. Indeed, the type of
microorganism isolated may have some predictive val-
ue: common blood isolates that always or nearly always
(>90%) represent true infection include S. aureus, E.
coli and other members of the Enterobacteriaceae, Pseu-
domonas aeruginosa, Streptococcus pneumoniae, and
Candida albicans. Other microorganisms such as Cory-
nebacterium spp., Bacillus spp., and Propionibacterium
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acnes rarely (<5%) represent true bloodstream infec-
tion. More problematic are the viridans group strepto-
cocci which represent true bloodstream infection in
28% of cases, enterococci in 78%, and coagulase-nega-
tive staphylococci (CNS) in 15% [20, 21].

The number of positive blood cultures out of the to-
tal number performed is frequently used to determine
the clinical significance of the isolate, but recent data
suggest that this technique is flawed. Mirret and col-
leagues [22] examined the significance of CNS in blood
cultures. For conventional two-bottle culture sets, 49%
of those classified as significant infections and 68%
classified as contaminants grew in one bottle, whereas
51% of pathogens and 68% of contaminants grew in
both bottles. The degree of overlap is so great that it is
difficult to predict the clinical significance based on the
number of positive bottles. It is important to note that
although coagulase-negative staphylococci have fre-
quently been considered as contaminants in the past,
recent studies have shown that even a single blood-cul-
ture positive for these microorganisms is frequently as-
sociated with clinically relevant episodes of blood-
stream infections [23–25].

When a culture is unexpectedly positive (in the ab-
sence of signs or symptoms) or when only one of sever-
al cultures is positive for a microorganism, it can often
be dismissed as a contaminant. Every positive blood
culture, however, should be carefully evaluated before
being dismissed as insignificant [16].

28.4
Epidemiology

Nosocomial infection in ICU patients is a frequent
event with potentially lethal consequences. Because pa-
tients in ICUs are severely ill and undergo invasive pro-
cedures, they suffer a disproportionate percentage of
nosocomial infections [5, 7, 26–28]. Compared with
patients in general medical/surgical wards, who have
been found to have an overall risk of 6% of acquiring
an infection during their hospital stay, the risk in criti-
cally ill patients in the ICU is around 18% [5]. The nos-
ocomial infection rates among ICU patients are as
much as 5–10 times higher than those recorded for pa-
tients admitted to other wards, meaning that nearly
25% of all hospital-acquired infections occur in ICU
patients [29]. Nosocomial infections are more common
in ICUs because of the severity of the underlying dis-
ease, the duration of hospital stay, the use of invasive
procedures, contaminated life-support equipment, and
the prevalence of multiply resistant microorganisms.
Data from the European Prevalence of Infection in In-
tensive Care study (EPIC) collected in 1992 shown that
on the day of study a total of 21% of patients admitted
to the ICU had an infection acquired in the ICU [30].

Fig. 28.2. Distribution of nosocomial infections in the ICU ver-
sus the whole hospital (NNIS) (from ref. [29], with permission)

Patients in the ICU not only have higher endemic rates of
nosocomial infection than patients in general wards, but
the distribution of their nosocomial infections also dif-
fers. The two most important nosocomial infections in
general wards are urinary tract infections and surgical
wound infections, whereas in the ICU lower respiratory
tract and bloodstream infections are the most frequent
[29] (Fig. 28.2). This distribution is related to the wide-
spread use of mechanical ventilation and intravenous
catheters. Data compiled through the National Nosoco-
mial Infections Surveillance System (NNIS) of the Cen-
ters for Disease Control and Prevention in the USA re-
vealed that bloodstream infections accounted for almost
20% of nosocomial infections in ICU patients, 87% of
which were associated with a central line [31].

Despite the higher incidence of nosocomial blood-
stream infection in ICUs, few studies have adequately
analyzed this infection in this selected population. The
studies conducted in critically ill patients in recent
years show that the incidence rate of nosocomial blood-
stream infection in the ICU ranges from 27 to 67 epi-
sodes per 1,000 admissions [18, 19, 32, 33] (Table 28.1),
depending on the type of ICU (surgical or medical or
coronary care unit), the severity of patients, the use of
invasive devices and the length of ICU stay. These infec-
tion rates among ICU patients are as much as 5–10
times higher than those recorded for patients admitted
to general wards.

Table 28.1. Rates of nosocomial bloodstream infection in the ICU

Year Type of ICU ENBI/1000a Reference

1994 Medical-surgical ICU 67.2 Rello [18]
1994 Surgical ICU 26.7 Pittet [32]
1996 Adult ICUs Multicenter

study
41 Brun-Buisson

[33]
1997 Adult ICUs Multicenter

study
36 Vallés [19]

a Episodes of nosocomial bloodstream infection per 1,000
admissions
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A few epidemiologic studies focusing solely on com-
munity-acquired BSI on admission to the ICU are avail-
able. Data from a recent multicenter study reported a
community-acquired bloodstream infections rate of
10.2 episodes per 1,000 ICU admissions [34].

28.5
Microbiology
28.5.1
Nosocomial Bloodstream Infection

The spectrum of microorganisms that invade the
bloodstream in patients with nosocomial infections
during their stay in the ICU has been evaluated in sev-
eral recent studies. Although almost any microorgan-
ism can produce bloodstream infection, staphylococci
and gram-negative bacilli account for the vast majority
of cases. However, among the staphylococci, coagulase-
negative staphylococci (CNS) have recently become a
clinically significant agent of bloodstream infection in
the ICU [18–21]. The ascendance of this group of
staphylococci has increased the interpretative difficul-
ties for clinicians, since a high number of CNS isola-
tions represent contamination rather than true blood-
stream infection. The increased importance of CNS
bloodstream infection seems to be related to the high
incidence of utilization of multiple invasive devices in
critically ill patients and to the multiple antimicrobial
therapy used for gram-negative infections in ICU pa-
tients, which results in selection of gram-positive mi-
croorganisms. The change in the spectrum of organ-
isms causing nosocomial bloodstream infection in an
adult ICU is confirmed in the recent study by Edge-
worth and colleagues [35], which analyzed the evolu-
tion of nosocomial bloodstream infection over 25 years
in the same ICU. Between 1971 and 1990, the frequency
of isolation of individual organisms changed little, with
S. aureus, P. aeruginosa, E. coli, and K. pneumoniae spe-
cies predominating. However, between 1991 and 1995,

Table 28.2. Microorganisms
causing nosocomial blood-
stream infection in adult
ICUs

Reference Gram-positive
microorganisms

Gram-negative
microorganisms

Fungi Polymicrobi-
al episodes

Rello [18] 44.1% CNS 40.5% P. aeruginosa 5.4% Candida spp. 9.9%
S. aureus E. coli
Enterococci Enterobacter spp.

Pittet [32] 51.0% CNS 39.0% Enterobacter spp. 4.8% Candida spp. 21%
S. aureus Klebsiella spp.
Enterococci S. marcescens

Vallés [19] 49.8% CNS 32.6% P. aeruginosa 4.4% Candida spp. 12.7%
S. aureus A. baumannii
Enterococci K. pneumoniae

Jamal [36] 46.8% CNS 36.6% Enterobacter spp. 17.6% Candida spp 9.8%
S. aureus S. marcescens
Enterococci K. pneumoniaeCNS coagulase-negative

staphylococci

the number of bloodstream infections doubled, largely
due to the increased isolation of CNS, Enterococus spp.,
and intrinsically antibiotic-resistant gram-negative or-
ganisms, particularly P. aeruginosa and Candida spp.

Currently, the leading pathogens among cases of
nosocomial bloodstream infection in the ICU are
gram-positive microorganisms, representing nearly
half of the organisms isolated [18, 19, 32, 36] (Ta-
ble 28.2). Coagulase-negative staphylococci (CNS), S.
aureus and enterococci are the most frequent gram-
positive bacteria in all studies, and CNS is isolated in
20–30% of all episodes of bloodstream infection.
Gram-negative bacilli are responsible for 30–40% of
bloodstream infection episodes, and the remaining
cases are mostly due to Candida spp. Polymicrobial ep-
isodes are relatively common, representing about 10%.
Anaerobic bacteria are isolated in fewer than 5% of
cases.

Among gram-positive bloodstream infections, the
incidence of the pathogens is similar in the different
ICUs, CNS being the most frequently isolated organ-
ism, and S. aureus the second commonest pathogen in
all studies. Only the incidence of strains with antibiotic
resistance such as methicillin-resistant Staphylococcus
aureus (MRSA) or vancomycin-resistant enterococci
(VRE) differs substantially according to the character-
istics of individual institutions, and depending on
whether they become established as endemic nosoco-
mial pathogens in the ICU. On the other hand, the
gram-negative species isolated from nosocomial
bloodstream infections in the ICUs of different institu-
tions show marked variability. The relative contribu-
tion of each gram-negative species to the total number
of isolates from blood varies from hospital to hospital
and over time. The antibiotic policy of the institution
may induce the appearance of highly resistant microor-
ganisms and the emergence of endemic nosocomial
pathogens, in particular Pseudomonas spp, Acinetobac-
ter spp., and Enterobacteriaceae with extended-spec-
trum beta-lactamase (ESBL).
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Table 28.3. Microorganisms and sources of community-ac-
quired bacteremias admitted in the ICU

Refer-
ence

Sources Microorga-
nisms

Forgacs
[11]

Pulmonary 38.5% S. pneumoniae 32.3%
Genitourinary 23.0% E. coli 27.2%
Endocarditis 8.0% S. aureus 13.5%
Biliary tract 5.9% Other GNB 14.2%
Other 11.1% Other GPC 8.2%
Unknown origin 20.0% Other 14.2%

Vallés
[12]

Pulmonary 20.0% E. coli 28.1%
Abdominal 20.1% S. pneumoniae 17.9%
Genitourinary 19.8% S. aureus 14.9%
Other 10.3% Other GNB 18.6%
Unknown origin 29.2% Other GPC 9.5%

Other 11.07%

The incidence of polymicrobial and anaerobic blood-
stream infections depends on the incidence of surgical
patients in each ICU, because in two-thirds of these
bacteremic episodes the origin is an intra-abdominal
infection.

28.5.2
Community-Acquired Bloodstream Infection

In the bacteremic episodes acquired in the community
and admitted in the ICU, the incidence of gram-posi-
tive is similar to that of gram-negative microorganisms
and near to 10% are polymicrobial episodes. E. coli, S.
pneumoniae and S. aureus are the leading pathogens,
and the prevalence of these microorganisms is related
to the main sources of bacteremia found in these pa-
tients, such as urinary, pulmonary tract, and unknown
origin [11, 12, 34] (Table 28.3).

28.6
Sources

According to a more recent analysis, the vast majority
(70%) of nosocomial bloodstream infections in the
ICU are secondary bacteremias, including the blood-
stream infections related to an intravascular catheter-
infection, and the remaining 30% are bacteremias of
unknown origin. Table 28.4 summarizes the sources of
nosocomial bacteremias in the ICU in several recent se-
ries [18, 19, 32, 35]. As shown, intravascular catheter-
related infections and respiratory tract infections are
the leading sources of secondary episodes.

The source of nosocomial bloodstream infections
varies according to microorganism. Coagulase-nega-
tive staphylococci and Staphylococcus aureus common-
ly complicate intravenous-related infections, whereas
gram-negative bacilli are the main etiology for second-
ary bloodstream infections following respiratory tract,
intra-abdominal and urinary tract infections. Among

Table 28.4. Major sources of nosocomial bloodstream infection
in the ICUs

Type of infection Rello
[18]
(%)

Pittet
[32]
(%)

Vallés
[19]
(%)

Edge-
worth
[35] (%)

Intravenous catheter 35 18 37.1 62
Respiratory tract 10 28 17.5 3
Intra-abdominal

infection
9 NA 6.1 6.9

Genitourinary tract 3.6 5.4 5.9 2.4
Surgical wound or soft

tissue
8 8 2.4 3

Other 7 14.5 2.9 –
Unknown origin 27 20 28.1 22.4

bacteremias of unknown origin, most are caused by
gram-positive microorganisms, mainly CNS, and they
may originate in device-related infections not diag-
nosed at the time of the development of the blood-
stream infection.

Among community-acquired bloodstream infec-
tions, lower respiratory tract, intra-abdominal and
genitourinary infections represent more than 80% of
episodes of bacteremia admitted in the ICU (Ta-
ble 28.3). Near to 30% of episodes are of unknown ori-
gin including mainly meningococcal and staphylococ-
cal infections [11, 12, 34].

28.7
Systemic Response to Bloodstream Infection

The host reaction to invading microbes involves a rap-
idly amplifying polyphony of signals and responses
that may spread beyond the invaded tissue. Fever or hy-
pothermia, chills, tachypnea, and tachycardia often
herald the onset of the systemic inflammatory response
to microbial invasion, also called sepsis. However, the
interchangeable use of terms such as “bloodstream in-
fection,” “sepsis,” and “septicemia” has led to confu-
sion.

A recent definition of bloodstream infection classi-
fies patients with severe infection and its sequelae [37].
Bloodstream infection and fungemia have been simply
defined as the presence of bacteria or fungi in blood
cultures, and four stages of increasing severity of sys-
temic response have been described: the systemic in-
flammatory response syndrome (SIRS), which is iden-
tified by a combination of simple and readily available
clinical signs and symptoms (i.e., fever or hypother-
mia, tachycardia, tachypnea, and changes in blood leu-
kocyte count); sepsis, in patients in whom the SIRS is
caused by documented infection; severe sepsis when
patients have a dysfunction of the major organs; and
septic shock, which describes patients with hypoten-
sion and organ dysfunction in addition to sepsis. As
sepsis progresses to septic shock, the risk of death in-
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creases substantially. Early sepsis is usually reversible,
whereas many patients with septic shock succumb de-
spite aggressive therapy.

The presence of organisms in the blood is one of the
most reliable criteria for characterizing a patient pre-
senting with SIRS as having sepsis or one of its more se-
vere presentations, such as severe sepsis or septic shock.

In a recent multicenter study, Brun-Buisson and col-
leagues [33] analyzed the relationship between blood-
stream infection and severe sepsis in adults in ICUs and
general wards in 24 hospitals in France. In this study, of
the 842 episodes of clinically significant bloodstream
infection recorded, 162 (19%) occurred in patients
hospitalized in ICUs. Three hundred and seventy-seven
episodes (45%) of bloodstream infection were nosoco-
mial, and their incidence was 12 times greater in ICUs
than in wards. The frequency of severe sepsis during
bloodstream infection differed markedly between
wards and ICUs (17% vs. 65%, p<0.001). The nosoco-
mial episodes acquired in the ICU represented an inci-
dence rate of 41 episodes per 1,000 admissions and the
incidence rate of severe sepsis among patients with
nosocomial bloodstream infection in the ICU was 24
episodes per 1,000 admissions.

Another recent multicenter study reported by our
group [19] analyzed exclusively nosocomial blood-
stream infections acquired in adult ICUs of 30 hospitals
in Spain, and classified their systemic response accord-
ing to new definitions as sepsis, severe sepsis and septic
shock. Among 590 episodes of nosocomial blood-
stream, the host reaction was classified as sepsis in 371
episodes (62.8%), severe sepsis in 109 episodes (18.5%),
and septic shock in the remaining 110 (18.6%). The sys-
temic response differed markedly according to source
of bloodstream infection (Table 28.5). The episodes of
bloodstream infection associated with intravascular
catheters showed the lowest rate of septic shock
(12.8%), whereas the episodes of bloodstream infec-
tion secondary to lower respiratory tract, intra-abdom-
inal or genitourinary tract infections showed the high-
est incidence of severe sepsis and septic shock. In the
study by Brun-Buisson et al. [33], in patients hospital-
ized in ICUs, intravascular catheter-related blood-
stream infection was also associated with a lower risk
of severe sepsis (OR=0.2; 95% CI: 0.1–0.5; p<0.01).

Table 28.5. Distribution of
systemic response according
to source of 590 episodes of
ICU nosocomial blood-
stream infection

Source Number (%) of episodes
Sepsis Severe sepsis Septic shock Total

Intravenous catheter 158 (68.5) 41 (18.7) 28 (12.8) 219 (37.1)
Lower respiratory tract 53 (51.5) 27 (26.2) 23 (22.3) 103 (17.5)
Intra-abdominal infection 12 (33.3) 9 (25) 15 (41.7) 36 (6.1)
Urinary tract 23 (65.7) 5 (14.3) 7 (20) 35 (5.9)
Surgical wound and soft tissue 7 (50) 2 (14.3) 5 (35.7) 14 (2.4)
Other 11 (64.7) 4 (23.5) 2 (11.8) 17 (2.9)
Unknown 115 (69.3) 21 (12.6) 30 (18.1) 166 (28.1)
Total 371 (62.8) 109 (18.5) 110 (18.6) 590 (100)

The systemic response may differ according to the
microorganism causing the episode of bloodstream in-
fection. Gram-negative and Candida spp. have been as-
sociated with a higher incidence of severe sepsis and
septic shock in our multicenter study [19], whereas
CNS was the microorganism causing the lowest inci-
dence of septic shock. The multicenter study of Brun-
Buisson et al. [33] analyzed ICU bloodstream infec-
tions separately and found the episodes caused by CNS
to be also associated with a reduced risk of severe sepsis
(OR=0.2; p=0.02) relative to other organisms.

These results suggest that the source of infection and
probably the type of microorganism causing the epi-
sode of bloodstream infection, especially if a species
other than CNS is involved, may be important in the de-
velopment of severe sepsis and septic shock.

Among community-acquired episodes the incidence
of severe sepsis and septic shock is higher than in noso-
comial episodes, in part because the severity of system-
ic response is the motive for ICU admission. In the mul-
ticenter French study, a 74% of community-acquired
episodes presented severe sepsis or septic shock at ad-
mission in the ICU [33]. In a multicenter Spanish study
carried out in 30 ICUs, the incidence of severe sepsis
and septic shock was also 75%. In this study, gram-
negative microorganisms and the urinary and intra-
abdominal infections were associated more frequently
with septic shock [34].

28.8
Risk Factors for Nosocomial Bloodstream
Infection in the ICU

The conditions that predispose an individual to blood-
stream infection include not only host underlying con-
ditions but therapeutic, microbial and environmental
factors as well. The illnesses that have been associated
with an increased risk of bloodstream infection include
hematologic and nonhematologic malignancies, diabe-
tes mellitus, renal failure requiring dialysis, chronic he-
patic failure, immune deficiency syndromes, and con-
ditions associated with the loss of normal skin barriers
such as serious burns and decubitus ulcers. In the ICU,
therapeutic maneuvers associated with an increased
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risk of nosocomial bloodstream infection include pro-
cedures such as placement of intravascular and urinary
catheters, endoscopic procedures, and drainage of in-
tra-abdominal infections.

Several risk factors have been associated with the ac-
quisition of bloodstream infection by specific patho-
gens. Coagulase-negative staphylococci are mainly as-
sociated with central venous line infection and with the
use of intravenous lipid emulsions. Candida spp. infec-
tions are related to the exposure to multiple antibiotics,
hemodialysis, isolation of Candida species from sites
other than the blood, azotemia, and the use of indwell-
ing catheters [38]. In a recent analysis of risk factors for
nosocomial candidemia in ICU patients with nosoco-
mial bloodstream infections, we found that exposure to
more than four antibiotics during the ICU stay (OR:
4.10), parenteral nutrition (OR: 3.37), previous surgery
(OR: 2.60) and the presence of solid malignancy (OR:
1.57) were the variables that were independently asso-
ciated with the development of Candida spp. infection
[39].

28.9
Prognosis
28.9.1
Nosocomial Bacteremia

The crude mortality associated with bacteremic sepsis
averages 35% (range 20–50% [17, 40, 41]. The mortali-
ty directly attributable to the nosocomial bloodstream
infection averaged 27% (range 14–38%) [42]. Al-
though one-third of the deaths occur within the first
48 h after the onset of symptoms, mortality can occur
14 or more days later. Late deaths are often due to poor-
ly controlled infection, complications during the stay in
the ICU, or failure of multiple organs [43]. Nosocomial
bloodstream infection is associated with higher crude
mortality rates than community-acquired infection
[16, 41]. In a study, Bueno-Cavanillas et al. [44] ana-
lyzed the impact of nosocomial infection on the mor-
tality rate in an ICU. In that study, overall crude relative
risk of mortality was 2.48 (95% CI=1.47–4.16) in pa-
tients with a nosocomial infection compared with non-
infected patients. When the type of infection was evalu-
ated, the risk of mortality for patients with blood-
stream infection was 4.13 (95% IC=2.11–8.11).

The risk of dying is influenced by the prior clinical
condition of the patient and the rate at which complica-
tions develop. Analysis using prognostic stratification
systems (such as the APACHE scoring system) indicate
that factoring in the patients’ age and certain physio-
logic variables results in more accurate estimates of the
risk of dying. Variables associated with the high care-
fatality rates include acute respiratory distress syn-
drome (ARDS), disseminated intravascular coagula-

tion (DIC), renal insufficiency, and multiple organ dys-
function (MOD). Microbial variables are less impor-
tant, although high care-fatality rates have been ob-
served for patients with bloodstream infection due to
Pseudomonas aeruginosa, Candida spp. and for pa-
tients with polymicrobial bloodstream infection.

In another study of bloodstream infection in an
adult ICU of a teaching hospital in the UK over a 12-
year period, Crowe and colleagues [45] analyzed 315
episodes of bloodstream infection, of which 82% were
hospital-acquired, and found an overall mortality relat-
ed to bloodstream infection of 44.4%. They also ob-
served that ICU stay was longer in bacteremic patients
(12 days) than non-bacteremic patients (3 days).

The crude mortality from bloodstream infection is
often 35–60%, ranging from 12% to 80%. The attrib-
utable mortality defines the mortality directly associat-
ed with the episode of bloodstream infection, and ex-
cludes the mortality attributable to underlying condi-
tions. It averages 26%, but varies according to the spe-
cific microorganisms involved: CNS averaged 13.6%;
enterococci, 31%; and Candida spp. 38% [23, 46, 47].

Pittet et al. in 1994 [32] analyzed the attributable
mortality, excess length of stay and extra costs due to
nosocomial bloodstream infection in a surgical ICU. In
this case-control study, the crude mortality rate was
50%, differing significantly from that of the matched
controls (15%, p<0.01). In consequence, the attribut-
able mortality associated with nosocomial blood-
stream infection was 35%. These authors also observed
that median length of hospital stay for cases was 14 days
longer than for controls. Furthermore, nosocomial
bloodstream infection was associated with a doubling
of time of SICU stays, and consequently with a signifi-
cant economic burden.

This study demonstrates that nosocomial blood-
stream infections cause excess mortality and signifi-
cantly prolong ICU and hospital stay among critically
ill patients.

In another study of nosocomial bloodstream infec-
tion in a medical-surgical ICU reported by Rello et al.
[18], the overall mortality was 31.5%, and 65.7% of all
deaths were directly attributable to infection. Blood-
stream infections from intra-abdominal, lower respira-
tory tract or unknown origin were associated with a
poor prognosis. A logistic regression analysis defined
intra-abdominal origin (p=0.01, OR:15.7) and pres-
ence of shock (p<0.004, OR: 3.3) as independently in-
fluencing the risk of death.

In a more recent study, Pittet et al. [48] analyzed the
importance of preexisting co-morbidities for the prog-
nosis of bloodstream infection in critically ill patients.
The study was performed in a surgical ICU, and the au-
thors analyzed 176 patients with bloodstream infec-
tion, of whom 125 (71%) were nosocomially acquired.
The mean total length of ICU stay of bacteremic pa-
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Fig. 28.3. Importance of preexisting co-morbidities for progno-
sis of septicemia in critically ill patients (from ref. [48], with
permission)

tients was also four times longer than that of non-bac-
teremic patients (17.6 days vs. 4.3 days). The overall
mortality rate of non-bacteremic was 8.8%, whereas
that of bacteremic patients was 44.3%. Thus, bacter-
emic patients had a fivefold increased risk of dying
when compared with non-bacteremic patients
(RR=5.03, CI 95% 4.17–6.07, p<0.0001). In this study
they found a close correlation between the number of
co-morbidities and fatality rates (Fig. 28.3). In addi-
tion, APACHE II 20 was also identified as an indepen-
dent predictor of mortality.

A number of factors have been suspected as being
associated with mortality in bloodstream infection.
The most widely recognized prognostic factors are age,
severity of the patient’s underlying disease, and the ap-
propriateness of antimicrobial therapy. Among other
factors potentially related to the outcome of blood-
stream infection, a multiple source of infection, sec-
ondary infection, bloodstream infection caused by
some difficult-to-treat organisms such as Pseudomonas
or Serratia spp., polymicrobial bloodstream infection,
and factors related to host response such as the occur-
rence of hypotension, shock, or organ failure have all
been described as prognostically important. In a
French multicenter study of bloodstream infection and
severe sepsis in ICUs and wards of 24 hospitals, Brun-
Buisson et al. [33] reported that bloodstream infection
due to E. coli or CNS was associated with a lower risk of
severe sepsis and death, whereas S. aureus and gram-
positive organisms other than CNS were associated
with an increased risk of death. The results of that study
emphasize the impact of end-organ dysfunction (i.e.,
severe sepsis and septic shock) on prognosis in blood-
stream infection.

In the multicenter study on nosocomial blood-
stream infection carried out by our group [19] in 30
Spanish ICUs, crude mortality was 41.6%, and 56% of

Fig. 28.4. Survival after nosocomial bloodstream infection ac-
cording to systemic response

all deaths were directly attributable to the bloodstream
infection. The crude mortality was correlated to the se-
verity of systemic response; it was as high as 80%
among patients with septic shock, compared with 26%
among patients whose bacteremic episodes were mani-
fested exclusively as sepsis. The cumulative probability
of survival stratified according to the grade of systemic
response is shown in Fig. 28.4. In addition, blood-
stream infections originating in the abdomen or respi-
ratory tract were associated with the highest mortality
(p=0.04).

Because crude mortality cannot differentiate be-
tween mortality directly related to bloodstream infec-
tion and mortality attributable to underlying condi-
tions, we were aware that different factors may influ-
ence the prognosis if we considered directly related
mortality or crude mortality. For this reason we per-
formed a double multivariate analysis with different
dependent variables: one, related mortality, and the
other, crude mortality. In the related mortality analysis,
in addition to the level of systemic response and associ-
ated complications, we found that the type of microor-
ganisms involved and the source of bloodstream infec-
tion played an important role in the prognosis. In the
crude mortality analysis, we found that in addition to
the systemic response and associated complications,
mechanical ventilation at the time of development of
bloodstream infection, chronic hepatic failure, and
APACHE II >15 at the time of diagnosis of bloodstream
infection were chosen as factors by the statistical mod-
el; this seems to indicate that underlying diseases and
the severity of patient’s conditions markedly influence
crude mortality among ICU patients with nosocomial
bloodstream infection. On the other hand, the immedi-
ate prognosis after an episode of nosocomial blood-
stream infection (related mortality) correlated with
level of systemic response, type of microorganism in-
volved and the different sources of bloodstream infec-
tion.

Pittet et al. [49] recently conducted a large cohort
study to determine prognostic factors of mortality in
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ICU patients with positive blood cultures. They ana-
lyzed 173 patients with bacteremia, of whom 53.1%
were nosocomially acquired. Among patients with bac-
teremic sepsis, 75 died (43%); in 81% of them, the
cause of death was considered to be directly or indirect-
ly related to the infection. In this study, the best two in-
dependent prognostic factors were the APACHE II
score at the onset of sepsis (OR, 1.13; CI 95% 1.08–1.17;
p<0.001) and the number of organ dysfunctions de-
veloping thereafter (OR, 2.39; CI 95% 2.02–2.82;
p<0.001). This study suggests that in ICU patients with
positive blood cultures outcome can be predicted by
the severity of illness at onset of sepsis and the number
of vital organ dysfunctions developing subsequently.

28.9.2
Community-Acquired Bacteremia

Patients admitted in the ICU with community-acquired
bacteremia present a crude mortality near to 40%,
compared with a mortality of 18% in bacteremic pa-
tients admitted in general wards [12, 34, 50]. This ele-
vated mortality in part is due to the severity of systemic
response that presents in these patients and that is the
cause of admission in the ICU [12, 34]. In addition to
the severity of systemic response (severe sepsis and
septic shock) and associated complications, the appro-
priateness of empiric antimicrobial treatment is the
most important variable influencing the outcome of
these patients [12, 34]. The incidence of inappropriate
antibiotic treatment community-acquired bacteremias
admitted in the ICU in two studies range between 15%

Fig. 28.5. Survival rate according to the presence of shock and
initial antibiotic treatment. Log-rank test: p<0.001. Group A
septic shock + delayed antibiotic treatment; Group B septic
shock + appropriate antibiotic treatment; Group C no septic
shock + delayed antibiotic treatment; Group D no septic shock
+ appropriate antibiotic treatment. (From ref. [34], with per-
mission)

and 20% and the mortality among patients with empir-
ic inappropriate antibiotic treatment was more than
70% [12, 34, 51]. The correlation between survival
time, systemic response to community-acquired
bloodstream infection, and delayed antibiotic treat-
ment is shown as Kaplan-Meier curves in Fig. 28.5.

28.10
Conclusions

1. Nosocomial bloodstream infections occur two to
seven times more often in intensive care unit (ICU)
patients than in ward patients. Recent studies have
shown that the incidence rate ranges between 26
and 67 episodes per 1,000 ICU admissions, de-
pending on the type of ICU.

2. Patients with nosocomial ICU bloodstream infec-
tion have a higher prevalence of intravenous lines
and respiratory sources of infection than ward pa-
tients in whom urinary tract infection is the most
prevalent source of bloodstream infection.

3. Gram-positive microorganisms are the most preva-
lent cause of nosocomial bloodstream infection in
ICU patients. This high incidence is related to the
high prevalence of bloodstream infection associated
with intravascular catheters in critically ill patients,
and to the multiple antibiotic therapy used for gram-
negative infections in ICU patients, which results in
the selection of gram-positive microorganisms.

4. Currently, gram-negative microorganisms cause
between 30% and 40% of ICU-acquired blood-
stream infections, and multiresistant organisms,
such as P. aeruginosa, Serratia spp, or A. bauman-
nii, are the most frequently isolated pathogens.

5. Approximately 40% of ICU patients with nosoco-
mial bloodstream infection show a severe systemic
response, such as severe sepsis or septic shock, as-
sociated with high mortality.

6. The attributable mortality from nosocomial blood-
stream infections is high in critically ill patients,
and the infection is associated with excessively
long ICU and hospital stays, and a significant eco-
nomic burden.

7. The incidence rate of community-acquired bacter-
emia in adult ICUs is 10 episodes/1,000 admissions.
S. pneumoniae, S. aureus and E. coli represent more
than 80% of microorganisms causing community-
acquired bacteremia in the critically ill patients.
Most episodes are associated with severe sepsis or
septic shock, and they are associated with a high
mortality, and in the majority of cases directly
related with the infection. The severity of systemic
response and the appropriateness of empiric anti-
biotic treatment significantly influence the progno-
sis of these patients.
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12. Vallés J, Ochagavı́a A, Rué M, Dı́az E, et al. (2000) Critical-
ly ill patients with community-acquired bacteremia: Char-
acteristics and prognosis. Intensive Care Med 26(Suppl.3):
S222

13. Reimer LG, Wilson ML, Weinstein MP (1997) Update on
detection of bacteremia and fungemia. Clin Microbiol Rev
10:444–465

14. Garner JS, Jarvis WR, Emori TG, et al. (1988) CDC defini-
tions for nosocomial infections. Am J Infect Control 16:
128–140

15. Friedman ND, Kaye KS, Stout JE, et al. (2002) Health care-
associated bloodstream infections in adults: A reason to
change the accepted definition of community-acquired in-
fections. Ann Intern Med 137:791–797

16. Pittet D (1993) Nosocomial bloodstream infections. In:
Wenzel RP (ed) Prevention and control of nosocomial in-
fections, 2nd edn. Williams & Wilkins, Baltimore, MD,
pp 512–555

17. Gatell JM, Trilla A, Latorre X, et al. (1988) Nosocomial bac-
teremia in a large Spanish teaching hospital: analysis of
factors influencing prognosis. Rev Infect Dis 10:203–210

18. Rello J, Ricart M, Mirelis B, et al. (1994) Nosocomial bac-
teremia in a medical-surgical intensive care unit: epidemi-
ologic characteristics and factors influencing mortality in
111 episodes. Intensive Care Med 20:94–98

19. Vallés J, León C, Alvarez-Lerma F, et al. (1997) Nosocomial
bacteremia in critically ill patients: a multicenter study
evaluating epidemiology and prognosis. Clin Infect Dis
24:387–395

20. Towns ML, Quartey SM, Weinstein MP, et al. (1993) The
clinical significance of positive blood cultures: a prospec-
tive, multicenter evaluation, abstr. C-232. In: Abstracts of
the 93rd General Meeting of the American Society for Mi-
crobiology 1993. American Society for Microbiology,
Washington, DC

21. Weinstein MP, Towns ML, Quartey SM, et al. (1997) The
clinical significance of positive blood cultures in the 1990s:
a prospective comprehensive evaluation of the microbiol-
ogy, epidemiology, and outcome of bacteremia and funge-
mia in adults. Clin Infect Dis 24:584–602

22. Mirret S, Weinstein MP, Reimer LG, et al. (1994) Interpre-
tation of coagulase-negative staphylococci in blood cul-
tures: does the number of positive bottles help? Abstr. C-
69. In: Abstracts of the 93rd General Meeting of the Ameri-
can Society for Microbiology 1994. American Society for
Microbiology, Washington, DC

23. Martin MA, Pfaller MA, Wenzel RP (1989) Coagulase-neg-
ative staphylococci bacteremia. Mortality and hospital
stay. Ann Intern Med 110:9–16

24. Ponce de León S, Wenzel RP (1984) Hospital-acquired
bloodstream infections with Staphylococcus epidermidis.
Am J Med 77:639–644

25. Domı́nguez-de Villota E, Algora-Weber A, Millan I, et al.
(1987) Early evaluation of coagulase-negative staphylo-
cocci in blood samples of intensive care unit patients. A
clinically uncertain judgement. Intensive Care Med 13:
390–394

26. Craven DE, Kunches LM, Lichtenberg DA, et al. (1988) Nos-
ocomial infections and fatality in medical and surgical in-
tensive care unit patients. Arch Intern Med 148:1161–1168

27. Constantini M, Donisi PM, Turrin MG, et al. (1987) Hospi-
tal-acquired infections surveillance and control in inten-
sive care services. Results of an incidence study. Eur J Epi-
demiol 3:347–355

28. Daschner FD, Frey P, Wolff G, et al. (1982) Nosocomial in-
fections in intensive care wards: A multicenter prospective
study. Intensive Care Med 8:5–9

29. Trilla A (1994) Epidemiology of nosocomial infections in
adult intensive care units. Intensive Care Med 20:S1–S4

30. Vincent JL, Bihari DJ, Suter PM, et al. (1995) The preva-
lence of nosocomial infection in intensive care units in Eu-
rope. JAMA 274:634–644

31. Richards MJ, Edwards JR, Culver DH, et al. (1999) Nosoco-
mial infections in medical intensive care units in the Unit-
ed States. Crit Care Med 27:887–892

32. Pittet D, Tarara D, Wenzel RP (1994) Nosocomial blood-
stream infection in critically ill patients. Excess length of
stay, extra costs, and attributable mortality. JAMA 271:
1598–1601

33. Brun-Buisson C, Doyon F, Carlet J, et al. (1996) Bacteremia
and severe sepsis in adults: A multicenter prospective sur-
vey in ICUs and wards of 24 hospitals. Am J Respir Crit
Care Med 154:617–624

34. Vallés J, Rello J, Ochagavı́a A, Garnacho J, Alcalá MA, and
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29Bloodstream Infections in Patients
with Total Parenteral Nutrition Catheters
R. Sierra, A. Ramı́rez

29.1
Introduction

Vascular access is an essential procedure in the man-
agement of critically ill patients, especially the inser-
tion of central venous catheters (CVCs). The most com-
monly used CVCs are noncuffed percutaneously insert-
ed catheters placed in the femoral, internal jugular or
subclavian veins [1–3]. Unfortunately, these intravas-
cular devices are associated with the risk of complica-
tions. Potential CVC-related complications include
chiefly arterial puncture, pneumothorax, hemothorax,
thrombosis, hematoma, and infectious complications.
Among the most important life-threatening complica-
tions of intravascular devices are catheter-related
bloodstream infections (CRBSIs) [2–7], which repre-
sent a major cause of nosocomial infection in intensive
care units (ICUs) [8–10]. The National Nosocomial In-
fections Surveillance (NNIS) System reported in 2004
[11] a CRBSI mean rate in United States ICUs of 4.85
CRBSI cases per 1,000 central line-days (mean value of
pooled means from different types of surveyed ICU).
Mean rates of the other two main sources of nosocomi-
al infection in US ICUs were 4.9 urinary catheter-asso-
ciated urinary tract infections per 1,000 urinary-cathe-
ter-days, and 11.1 ventilator-associated pneumonias
per 1,000 ventilator-days. Twenty-five percent of blood-
stream infections that occur in the ICU are secondary
to catheter-related infections (CRIs). In addition, up to
80% of primary bacteremia may be linked to CRIs [9,
12, 13].

Attributable mortality from CRIs in critically ill pa-
tients has been found high in some studies [14–16],
though this finding is controversial [8]. Between 2,400
and 20,000 deaths are estimated to be produced by CRIs
yearly in the USA [1, 17, 18], giving mortality rates
ranging from 14% to 28% [6, 10, 14, 19–24]. Neverthe-
less, mortality rates from CRBSI are relatively low, if
they are compared with the mortality from other infec-
tious foci [9]. CRBSI is also associated with an excess of
length of stay both in ICUs and hospital, further in-
creasing cost [8, 9, 14, 17, 22, 24–29].

29.2
Definitions
29.2.1
CVCs

CVCs may be classified according to the insertion
length, e.g., (1) short-term catheters, in place <10 days,
and (2) long-term catheters, in place >10 days [6].
However, other researchers have defined short-term
catheters as those with placement duration <7 days,
and long-term catheters as those in place >7 days [30].

29.2.2
Exit Site Infection

Exit site infection is considered when local signs occur,
such as tenderness, skin erythema, induration within
2 cm of the catheter exit site (with or without fever), or
cellulitis along the subcutaneous tract, in the absence
of pus at the exit site. Except for the presence of pus,
these signs lack specificity and may be caused by host
immune response against the CVC, or by the adminis-
tered fluid as well. The presence of pus is usually a diag-
nostic sign of infection, even when a culture from the
catheter tip is not available [30–35].

29.2.3
Colonization

Colonization occurs when a positive culture from ei-
ther catheter tip, subcutaneous segment of the catheter,
or catheter hub is obtained with a result of & 15 colony-
forming units (cfu)/ml [6, 30, 36].

29.2.4
Catheter-Related Bloodstream Infection

Catheter-related bloodstream infection is defined when
signs of systemic infection (i.e., sepsis) are associated
with positive blood cultures which have been obtained
by any diagnostic method. Matched microorganisms
should be isolated in the catheter tip, and in blood cul-
tures from the peripheral vein. Furthermore, other ap-
parent sources of infection should not occur [30].
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Diagnosing CRBSI by coagulase-negative staphylo-
cocci requires microbial growth to be obtained in at
least two peripheral-blood samples [37].

29.2.5
Infusate-Related Infection

Infusate-related infection is present when there are
signs of systemic infection, in the absence of other ap-
parent infectious sources. In addition, the same micro-
organism should grow in both peripheral-blood sam-
ples, and in the fluids administered. Cultures of the
catheter tip are not required to be positive [30].

29.3
Etiology

Catheter-related infection is caused mainly by microor-
ganisms from the skin flora. However, in the hospital
setting, a normal flora is usually replaced by pathogen-
ic bacteria. Patients who are receiving antimicrobial
therapy are often colonized by gram-negative bacilli,
Staphylococcus aureus or fungi. Besides, microorgan-
isms from the airways are frequently isolated in pa-
tients with tracheostomy. Microorganism types which
are isolated from catheters appear to be related to inser-
tion sites. Aerobic gram-negative bacilli, Candida spe-
cies, and anaerobes are isolated in the inguinal region
more frequently.

The most frequent pathogens related to the etiology
of CRBSI are coagulase-negative staphylococci, Staphy-
lococcus aureus, enterococci, aerobic gram-negative
bacilli, and Candida spp. (especially C. albicans). The
microorganism most commonly isolated in catheter-
related sepsis is Staphylococcus epidermidis, which
seems to be associated with a lower mortality rate than
other pathogens. A higher rate of mortality has been
found associated with Staphylococcus aureus CRI. Anti-
microbial treatment of these pathogens may be difficult
because many isolates are increasingly becoming resis-
tant to oxacillin and other antibiotics [1, 38, 39].

29.4
Risk Factors

Multilumen central venous catheters are associated
with a greater risk of CRI when compared with the risk
from single-lumen catheters, since multilumen cathe-
ters are more frequently manipulated so increasing the
chance of a breakdown in protective barriers [40–46].

Heavy cutaneous colonization is also a major risk
factor for CRI [6]. CRI rate was decreased in patients
who received chlorhexidine gluconate for insertion-site
skin disinfection, compared with those who received

povidone-iodine. Such a practice constitutes a simple
measure for reducing the occurrence of CRI [47].

Femoral vein insertion site is considered to be asso-
ciated with the highest rate of microbial colonization,
since this skin zone usually has a heavier cutaneous col-
onization. Colonization risk is lower for the jugular site
[6, 48]. Infection occurs more frequently in the jugular
vein than in the subclavian vein. It may be favored by
neck movements, which make dressing care of cathe-
ters difficult. Infection risk is lower for subclavian vein
insertion sites [49–51].

The longer the catheter is in place the higher the
probability of CRI occurrence [34]. CRI is also more
frequent in patients in whom two or more catheters
have been inserted [9].

Recent studies carried out on hematology-oncologi-
cal patients have shown an association between fibrin
deposition, catheter-related thrombosis and infection
[52–56], but these findings have not been confirmed in
other studies [3, 56].

Administration of blood products through CVCs is
another risk factor for CRBI, although thrombocytope-
nia during catheterization may provide some protec-
tion against CRBI [57, 58].

Parenteral nutrition (PN) was identified as an inde-
pendent risk factor for CRI in hospitalized patients,
particularly those in the ICU, which is probably ex-
plained by hyperglycemia. The pathogenic role of hy-
perglycemia in other patients groups is uncertain [35,
59–63].

ICU admission when nursing staff are less available
has also been identified as a risk factor for CRI.

Unstable clinical status has not been demonstrated
to be a risk factor for CRI [35].

Malnutrition appears not to be a risk factor for CRI
but influences clinical outcome, and is associated with
more complications, increased mortality rates, and in-
creased hospital length of stay and costs [64, 65].

29.5
Pathogenesis

CRBSI principally occurs by two routes, extraluminally
and intraluminally. The extraluminal route occurs
when there is concordance among isolates from cathe-
ter segments, skin, and blood cultures. The intralumi-
nal route occurs when isolates from a hub, or infusate
fluids, and blood cultures are concordant. The route of
infection is considered as being indeterminate when
both routes are possible [6].

CRBSI often occurs following catheter colonization
[1, 20]. Pathogens firstly have to gain access to the in-
traluminal or extraluminal surface of the catheter [6].
Intravascular devices cause a local inflammatory re-
sponse in the site of insertion, and then several proteins
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covering the catheter [66–71] favor the adherence of
microorganisms by diverse mechanisms [66, 67].

Microorganisms gain access into the body through
one of the three following mechanisms:

1. At the time of insertion or later, the skin flora in-
vades the percutaneous tract through the insertion
site, involving initially the external surface of the
catheter (extraluminal colonization). This mecha-
nism is regarded to be the major mechanism in
short-term nontunneled catheter-associated infec-
tions.

2. Microorganisms contaminate the catheter hub and
lumen (intraluminal colonization). This mecha-
nism results from frequent manipulations, or when
the catheter is inserted over a percutaneous guide-
wire. When epidemic CRBSI occurs, a contaminat-
ed infusion should also be considered.

3. Microorganisms may occasionally be carried he-
matogenously to the intravascular device from a
remote source of infection. This mechanism is not
frequent [1, 6, 48, 72–76].

Most infections associated with short-term catheters
are caused by skin flora surrounding the insertion site
which gains access via an extraluminal route, and occa-
sionally intraluminally. With long-term catheters, there
is a predomination of intraluminal colonization with
contamination of the hub and afterwards of the lumen.
The intraluminal route commonly predominates when
the placement is longer than 1–2 weeks [6]. The mech-
anism of infection that is attributed to CVCs inserted in
old sites over a guidewire appears to be no different
from that of catheters inserted in de novo sites [6, 48].

After microorganisms gain access to the intravascu-
lar device, they can adhere to it, and produce extracel-
lular polymer substances (“slime”), which facilitate fur-
ther adhesion to CVC surfaces. These polymers develop
into a matrix which leads to biofilm formation. Infec-
tion is derived from the microbes’ ability to adhere,

Table 29.1. Diagnostic methods with catheter removal [1, 2, 34]

Description Diagnostic
cut-off value

Pooled sensiti-
vity (95% CI)

Pooled specifi-
city (95% CI)

Qualitative catheter
segment culture

Catheter segment is immersed in a broth
media, and then incubated for 24–72 h. This
method is not recommended since it has a
poor specificity

Any growth 0.87 (0.79–0.96) 0.75 (0.72–0.78)

Semiquantitative cath-
eter segment culture
(Maki method)

The most used method to diagnose CRBSI.
The catheter tip is rolled 4 times across an
agar plate, then incubated, and observed after
an overnight period

& 15 cfu/ml 0.83 (0.79–0.87) 0.86 (0.85–0.87)

Quantitative catheter
segment culture

It requires vortex or sonicating catheter sam-
ples in broth, or flushing the broth through
the catheter, and then plating on blood agar
serial dilutions

& 103 cfu/ml 0.82 (0.78–0.86) 0.89 (0.87–0.91)

proliferate, and elaborate biofilm. These actions allow
sustained infection, and hematogenous dissemination
[1, 6, 48].

The microorganisms commonly associated with
biofilm formation in catheters are: coagulase-negative
staphylococci, Staphylococcus aureus, Enterococcus fae-
calis, Klebsiella pneumonia, Pseudomonas aeruginosa,
and Candida albicans [1, 77].

All catheters develop biofilms in vivo. Initially, this
effect is not significant; however, when the catheter has
been in place for a long time, biofilms can become a
persistent source of infection, and may oppose host de-
fenses by decreasing the effect of antibiotics [1, 78]. In
addition there is decreased diffusion of antibiotics in
biofilms, and other mechanisms which favor resistance
occurrence. Biofilm-associated pathogens require a
greater concentration of antibiotics to be eliminated
since they have decreased antimicrobial susceptibility
[1, 77, 79].

29.6
Diagnosis

The diagnosis of CRI is often based on the exclusion of
the presence of other inflammatory sources [34].
CRBSI diagnostic methods may be categorized into two
groups, those with catheter removal, and those without
catheter removal. The most common methods are
those with catheter removal and catheter-tip culturing
when CRBSI is suspected (Table 29.1). Nevertheless,
most of the catheters are not usually infected and re-
placement may increase the risk of complications and
cost [76, 80–83]. The methods for diagnosing CRI
without catheter removal are listed in Table 29.2.

Subcutaneous segment cultures appear not to be
useful for diagnosing CRBSI [84].
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Table 29.2. Diagnostic methods without catheter removal [1, 2, 34]

Description Diagnostic
cut-off value

Pooled sensiti-
vity (95% CI)

Pooled specifi-
city (95% CI)

Qualitative blood cul-
ture through catheter

& 1 blood samples for cultures are drawn
from the catheter

Any growth 0.91 (0.84–0.98) 0.86 (0.83–0.89)

Quantitative blood cul-
ture through catheter

A blood sample for culture is drawn from
the catheter, and processed by pour-plate
or lysis-centrifugation technique

& 100 cfu 0.84 (0.80–0.89) 0.90 (0.88–0.92)

Paired qualitative
blood cultures

Concomitant blood samples for cultures
are both drawn through the catheter, and
percutaneously

Microorganisms
are & 5-fold great-
er in central blood
sample

0.79 (0.74–0.84) 0.99 (0.98–1.0)

Differential time to
positivity

Concomitant blood samples for cultures
are both drawn through the catheter, and
percutaneously, and then are monitored
continuously

Central blood
sample turns pos-
itive 120 min
before

0.89 (0.86–0.92) 0.83 (0.79–0.87)

Acridine orange leuko-
cyte cytospin (AOLC)

1 ml of blood is aspirated from the cathe-
ter, then the cells are lysed with sterile
water, centrifuged, stained with acridine
orange, and observed. Simple and rapid
test. It allows an early targeted antimicro-
bial therapy, and is recommended as the
first line investigation of CRBSI [76, 85]

Any microorgan-
ism is visualized

0.87 (0.80–0.94) 0.93 (0.89–0.97)

29.7
Management

Catheter removal whenever a CRI is suspected is the
common approach to managing these frequent noso-
comial infections. However, many catheters are re-
moved unnecessarily, since in many cases they are not
associated with infection. Besides, CVC reinsertion
may be further associated with complications [1].

Antibiotic therapy is empirically initiated by the in-
travenous route. The choice of a given antibiotic regime
usually depends on illness severity, patient risk factors,
and likely pathogens associated with the intravascular
device.

Vancomycin is recommended in hospitals where
there are frequently methicillin-resistant Staphylococci
(MRSA). Oxacillin should be used in the absence of epi-
demic, or endemic, MRSA flora.

In addition, empiric treatment with an antipseudo-
monal beta-lactamic agent should be considered in im-
munocompromised, or seriously ill, patients, to cover
enteric gram-negative bacteria and Pseudomonas spp.
When fungemia is suspected, then amphotericin B or
intravenous fluconazole should be used. Caspofungin
or voriconazole are alternative therapies when candidi-
asis is suspected in an unstable patient. If the clinical
status of the patient has been stabilized, switching to
oral agents can be considered [30].

Catheters may not have to be removed initially, par-
ticularly if the microorganism isolated is coagulase-
negative staphylococci [30, 86].

If severe sepsis is not in evidence (i.e., the presence
of hypotension, hypoperfusion, or organ failure) and

no infection signs are observed at the insertion site, the
catheter should be removed only when either: (a) cul-
tures of blood drawn from the catheter yield positive
results, (b) there is persistent fever, or (c) the results of
peripheral blood cultures are negative because the
catheter was not cultured.

Whenever patients exhibit a serious illness, sepsis,
or signs of infection at the exit site, the catheter should
be removed.

For treatment purposes, patients with non-tunneled
catheters and CRBSI may be distributed into two
groups: complicated CRBSI (with septic thrombosis,
endocarditis, osteomyelitis, or emboli) or non-compli-
cated CRBSI.

In the case of a peripheral blood culture negative re-
sult, and the catheter culture reveals significant growth
of S. aureus or C. albicans (either febrile patients with
valvular heart disease or neutropenic patients), then
the patient should be observed and peripheral blood
cultures repeated. Some authors advise the delivery of a
short course (5–7 days) of antibiotic therapy [1, 30].

CRI caused by coagulase-negative staphylococcus
must receive a 5–7 day course of antimicrobial therapy,
combined with catheter removal. A course of 10–14 days
of local antibiotic lock (ABL) may be applied if the cathe-
ter is not removed. The catheter should be removed for
pathogens other than coagulase-negative staphylococci,
and patients should receive 10–14 days of antimicrobial
therapy. A course of 4–6 weeks should be considered in
the case of persistent bacteremia or fungemia after cath-
eter removal, or if there is evidence of complicated infec-
tion (except in cases of osteomyelitis, which requires
6–8 weeks of therapy). The antimicrobial treatment for
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Candida spp. should last up to 14 days after the last pos-
itive blood culture.

Streptokinase in combination with antimicrobial
therapy has not been demonstrated to be beneficial for
the treatment of CRI [30].

In the case of persistent bacteremia, fungemia, or
when clinical improvement after 3 days of appropiate
antibiotic therapy and catheter withdrawal is lacking,
endocarditis should be ruled out with transesophageal
echocardiography. If the results of such a test are nega-
tive, then aggressive workup for septic thrombosis or
for another metastasic infection should ensue [1, 30].

In cases of tunneled CVCs or implantable devices it
is important to confirm that a related infection has oc-
curred. Catheters must be removed in cases of compli-
cated infections, CRI by Candida spp., tunnel infection,
port abscess, and when following an initially main-
tained catheter there is clinical deterioration or persis-
tent bacteremia.

The treatment regime is similar to that of non-tun-
neled catheters, in the case of pathogens other than
Candida spp., and those mentioned above. However, if
the catheter has to be retained, systemic antibiotic ther-
apy should be combined with ABL for 10–14 days (Ta-
ble 29.3) [30]. ABL has been used to decrease the dura-
tion of systemic antibiotic treatment, and to maintain a
high antibiotic concentration within the CVC. ABL
comprises a mixture of 0.3 ml (40 mg) of teicoplanin
(400 mg per 3 ml) and 0.2 ml of sodium heparin at
500 IU per 5 ml, although other antibiotics or antifun-
gal agents can be also used. When CRBSI is confirmed,
this 0.5-ml lock is injected into the catheter, and left for
12 h. Later, this small volume is aspirated before initiat-
ing PN. ABL is administered for 12–15 days, in combi-
nation with short-duration systemic antibiotherapy
(usually a glycopeptide plus an aminoglycoside). Sys-
temic antiobiotherapy is administered in general for
the first 5 days [39].

Table 29.3. Management of tunneled CVCs [30]

Evidence
level

Ensure that the CVC is really the source of infec-
tion

IIIB

The CVC should be removed in case of compli-
cated infections

IIB

For salvage of the CVC in patients with uncom-
plicated infections, ABL should be used for
2 weeks with standard systemic antibiotic thera-
py in the absence of tunnel or pocket infection

IIB

Tunneled catheter pocket infections or port
abscess require removal of catheter and usually
7–10 days of appropriate antibiotic therapy

IIIC

Antibiotic lock therapy is recommended for
treatment when the catheter is retained

IIIB

ABL success depends on antibiotic concentrations
within the catheter [87]. High antibiotic concentrations
augment antimicrobial efficacy and lessen the second-
ary effects of systemic antibiotic treatment.

The ABL method is recommended and supported by
findings from in vitro models which have shown reduc-
tions in staphylococcal, gram-negative and fungal colo-
nization rates. Some trials have also demonstrated clini-
cal efficacy for CRBSI, especially for non-tunneled cath-
eters [39]. However, ABL is not recommended in long-
term PN, because ABL appears not to prevent a second
or third episode of CRI by the same bacterial strain but
with an increase in teicoplanin resistance [38, 88, 89].

29.8
Bloodstream Infections in Patients
with Total Parenteral Nutrition Catheters

Parenteral nutrition is indicated when gut function is
altered, and enteral nutrition is not suitable. PN serves
to prevent the adverse effects of malnutrition, and its
use is not exclusive to hospitalized patients. Delivery of
PN to outpatients is known as home PN (HPN). PN is
not indicated for unstable patients. The impact of PN
on mortality and morbidity is a controversial issue, be-
cause of the occurrence of frequent complications re-
lated to PN use. CRI constitutes a major complication
derived from PN, and represents the main cause for re-
admission to hospital in HPN patients [39, 90–96].

Subclavian vein access is a common approach for
delivering PN, whether subcutaneously or not [97].
Subclavian vein access is preferred for infection control
purposes. Frequency of mechanical complications may
be decreased by using bedside ultrasound for catheter
placement [31].

Peripherally inserted central catheters (PICCs) can
also be used for delivering PN. PICCs are small-size
catheters inserted into the subclavian vein through the
basilic or cephalic vein. PICCs are associated with fewer
mechanical complications during the insertion proce-
dure than other venous access, but are long-term cathe-
ters in HPN patients. The use of such catheters appears
to be more associated with increased risk of phlebitis,
thrombosis or sepsis when compared with that of CVCs
[98–103]. A higher frequency of CRI cases related to
PICCs used for HPN may be related to a higher expo-
sure of the arms to microbes than the chest wall sur-
face. It is crucial not only to use a sterile technique dur-
ing insertion, but also to deliver proper catheter care
[97]. HPN patients should report to their healthcare
provider any changes in their catheter site, and any new
discomfort, and as well as avoiding submerging the
catheter under water. Showering can be allowed when-
ever the catheter and connecting device are protected
with an impermeable cover during the shower [31].
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By tunneling CVC appears to reduce the CRI risk.
This measure should be considered when circum-
stances make it not feasible to cannulate a subclavian
vein [6]. For patients requiring frequent or continuous
venous access, a PICC or tunneled CVC is usually em-
ployed. However, a totally implantable access device is
the recommended approach for patients who require
long-term, intermittent vascular access [31].

Candida spp. and Malassetia spp. are more fre-
quently isolated in PN patients with CRI than in pa-
tients with CVCs not used to PN. Certain Candida spp.,
in the presence of glucose-containing fluids, may also
produce slime, which may explain the elevated rate of
CRBSI caused by fungal pathogens found among pa-
tients receiving PN [31].

Increased blood glucose levels have been related to
higher infection rates in hospitalized patients [104], es-
pecially in critically ill patients [105]. Hyperglycemia in
PN patients can be explained by the intense activation
of contraregulatory hormones, and cytokine re-
sponses, which are both associated with circumstances
such as severe disease, and excessive administration of
glucose. Patients with PN exhibit frequently sustained
hyperglycemia, and often receive insulin. Hyperglyce-
mia impairs immune response as well, reducing neu-
trophil chemotaxis and phagocytosis, which can in-
crease risk of infection onset [59, 105, 106]. Tight con-
trol of glycemia may reduce mortality rates significant-
ly in surgical ICU patients [105]; however, such inten-
sive insulin therapy has been demonstrated to reduce
only morbidity, but not mortality, rates, in patients in
the medical ICU [107].

Possibly the contamination by particulates, such as
undetected trace elements, could also favor CRI occur-
rence [108, 109].

A high CRI incidence rate occurring in PN patients
could favor the use of antiseptic- or antibiotic-impreg-
nated catheters [50, 110–113]. The use of antibiotic-
impregnated catheters is associated with lower coloni-
zation rates. However, such CRBSI incidence rates ap-
pear to be no different when they are compared with
those of non-impregnated catheters [114–124]. Anti-
microbial-impregnated catheters have been demon-
strated to reduce the risk of CRBSI only among patients
whose catheters were used for delivering total PN [116,
125]. Minocycline plus rifampin-impregnated cathe-
ters were demonstrated to be effective only against
staphylococci strains (S. aureus and S. epidermidis).
However, colonization frequency by Candida spp. is
higher than in non-impregnated catheters [116, 121,
126]. Utilization of miconazole plus rifampin-impreg-
nated catheters is associated with lower rates of CRI
when compared to standard catheters. These special
catheters may be effective on prevention of CRI by Can-
dida spp., although it has not yet been demonstrated
[10].

Tubing used for administering total PN, or lipid
emulsions, should be replaced within 24 h after initiat-
ing the infusion.

For infection control purposes, all CVCs must have
the least number of ports or lumens needed for the
management of the patient, and should be removed as
soon as their use is no longer essential [31]. Catheter
colonization risk in PN patients is decreased when sin-
gle-lumen catheters are inserted through the subclavi-
an vein, are used exclusively for PN, and are cared for
by and under the control of a multidisciplinary team
[97, 127].
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30Hemodialysis Catheter-Related Infections
R. Lombardi

30.1
Introduction

End-stage renal disease (ESRD) patients are more sus-
ceptible to infection due to defects in the immune sys-
tem, particularly at the skin barrier and in cellular im-
munity [1]. On the other hand, the dialysis procedure
itself, which requires repeated access to the blood-
stream and exposed blood to the extracorporeal cir-
cuit, acts as a relevant associated risk factor [2]. Malnu-
trition and old age are supplementary risk factors.

Bacteremia is one of the most serious complications
in dialysis patients and is mainly related to the vascular
access, being caused more often by temporary or per-
manent catheters than by the arteriovenous fistula or
the graft [3, 4]. On the other hand, vascular access relat-
ed infection represents the most common cause of bac-
teremia in the patient undergoing dialysis [3–7]. A
comprehensive study carried out in Denmark showed
that out of 14,387 cases of Staphylococcus aureus bacter-
emia, 5.5% occurred in hemodialysis patients and 80%
of the cases were catheter-related [8].

The most effective measure to reduce the incidence
of catheter-related infections (CRI) is to lessen the
number of patients using a catheter for hemodialysis.
Approximately 17% of prevalent hemodialysis patients
in the USA and 8% in Europe have a catheter as vascu-
lar access (VA) [9]. According to the Uruguayan Regis-
try of Dialysis, which includes the whole population of
patients with ESRD in the country, 7% of prevalent pa-
tients and 4.8% of incident patients in 2004 had a cen-
tral venous catheter as VA [10].

30.2
Definitions
30.2.1
Catheter Colonization

Growth of & 15 colony-forming units by semiquantita-
tive culture of the extraluminal segment of the catheter
tip [11] or >103 by quantitative culture of the intralu-
minal surface [12, 13] in the absence of clinical symp-
toms is taken as the definition of catheter colonization,

which can be considered as a localized infection. A low-
er count corresponds to contamination of the catheter.
Some studies have suggested that a combination of dif-
ferent catheter-segment cultures increase sensitivity
and specificity for the diagnosis of colonization. Rello
et al. [14] found that a combination of the semiquanti-
tative culture of the external surface of the tip with the
quantitative culture of the intraluminal surface of the
subcutaneous segment has had the best performance in
detecting catheter colonization.

30.2.2
Exit Site Infection

Erythema, tenderness, edema and suppuration within
2 cm from the exit site are signs of exit site infection.

30.2.3
Tunnel Infection

Inflammation or suppuration along the catheter subcu-
taneous tunnel, more than 2 cm from the exit site.

30.2.4
Catheter-Related Bloodstream Infection (CR-BSI)

1. Definitive: isolation of the same microorganism
from the catheter and from blood drawn through a
peripheral vein, in the absence of another evident
source of infection

2. Probable: isolation of a microorganism in only
blood culture or catheter tip in a symptomatic
patient with no other apparent source of infection

3. Possible: blood and tip culture negative and defer-
vescence of the clinical picture after the catheter
removal in a symptomatic patient with no other
apparent source of infection [15]

30.2.5
Catheter-Related Sepsis

Catheter-related sepsis is defined by the association of
one or more organ dysfunctions with colonization of
the catheter and corresponds to so-called severe sepsis,
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in accordance with the definitions of the Consensus
Conference of the American College of Chest Physi-
cians/Society of Critical Care Medicine 1992 [16].

30.3
Epidemiology

The number of ESRD patients is increasing all over the
world. In addition, survival in dialysis has increased,
which leads to more frequent problems with definitive
vascular access and therefore to an increase in the use
of catheters for temporary or prolonged vascular ac-
cess.

The available information about the incidence of he-
modialysis catheter-related infections is diverse, and
there are few controlled trials. In general, publications
show a frequency of infections that exceeds those re-
ported in other settings [17, 18]. Variations in the type
of catheter used (tunneled, non-tunneled, cuffed or
non-cuffed), the material from which they are made
(polyethylene, polyurethane, silicone), the duration of
placement (temporary, prolonged), as well as the inser-
tion site could be some reasons for the differences
found in the literature.

Incidence of bacteremia ranges between 1.6 and 13.5
episodes per 1,000 catheter-days, using non-tunneled,
non-cuffed devices. Tunneled, cuffed catheters are asso-
ciated with a lower risk of infection, which ranges be-
tween 0.2 and 0.8 episodes per 1,000 catheter-days [15]
(Table 30.1). According to data from the Epidemiologi-
cal Surveillance System from four Dialysis Units in
Montevideo directed by the author, frequency of CR-BSI
was 2.31 and 0.72 episodes/1,000 catheter-days, in non-
tunneled and tunneled catheters, respectively [19].

Exit-site infection is another frequent and potential-
ly severe complication. The incidence ranges between
0.4 and 4.5 episodes per 1,000 catheter-days [20]. The
frequency of episodes per patient-year has been esti-
mated to be between 0.36 [21] and 0.57 [22]. Exit site in-
fection represents a potential risk for the colonization
of the intravascular segment of the catheter and bacter-
emia. Likewise, it may determine the loss of the access,
unless controlled by treatment.

Table 30.1. Epidemiology of
catheter related-bloodstream
infection (references in text)

Author Date Number of
catheters

Type of catheter Incidence (CR-BSI/
1,000 catheter-days)

Vanherweghem 1986 200 Non-tunneled 6/1,000 catheter-days
Almirall 1989 53 Non-tunneled 10/1,000 catheter-days
Capello 1989 107 Hickman 0.8/1,000 catheter-days
Kinnaert 1990 19 Hickman 07/1,000 catheter-days
Marr 1997 102 Cuffed-tunneled 3.9/1,000 catheter-days
Lombardi 2003 80 Non-tunneled 2.31/1,000 catheter-days

Tunneled 0.72/1,000 catheter-days
Betjes 2004 76 Non-tunneled 2.61/1,000 catheter-days

Tunneled 1.7/1,000 catheter-days

30.4
Pathogenesis

The development of catheter-related infection depends
on the presence of three conditions: invasion, adher-
ence and multiplication of microorganisms in the cath-
eter. Infective organisms can migrate into the endovas-
cular segment of the catheter through the insertion site
(periluminal); through the catheter hub during its ma-
nipulation (endoluminal) or from a distant focus of in-
fection that leads to bacteremia and subsequent coloni-
zation of the tip (hematogenous). The type of catheter
and the setting in which it is inserted could determine
the mechanism of colonization. In short-term catheters
(less than 1 month) the periluminal route is the more
likely mechanism of colonization [23]. In long-term
catheters, particularly when they are used for parenter-
al nutrition, colonization is more frequent through the
catheter hub [24].

Staphylococcus aureus and coagulase-negative
Staphylococcus are the prevailing microorganisms, so it
is reasonable to think of a mucocutaneous origin of
catheter-related infections. Hemodialysis patients are
more frequently S. aureus nasal carriers than the gener-
al population. The frequency has been estimated to be
50–60% [25, 26], and therefore periluminal coloniza-
tion is likely to take place. Likewise, the high frequency
of S. aureus carriage in these patients endures the risk
of autocontamination at the time of connection unless
appropriate preventive measures are applied (use of
surgical mask by the patients). In one study [27], the
same strain of S. aureus was identified simultaneously
in the nares and in the blood of patients in 50% of
cases. Such studies demonstrate the predictive value of
colonization of the insertion site by S. aureus for the de-
velopment of bacteremia. Finally, staff members’ hands
might be a vehicle for transmission during catheter
connection and disconnection, especially coagulase-
negative Staphylococcus.

There is little and contradictory information avail-
able about the mechanism of colonization of hemodial-
ysis catheters [17, 18, 28, 29]. According to Almirall et
al. [18], the prevailing mechanism would seem to be
periluminal, from migration of skin flora to the tip
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(correspondence skin/tip: 58.6%; hub/tip: 17.2%).
Cheesbrough et al. [17] found a greater relationship be-
tween the hub cultures (57%) and the tip than the skin
(36%). Studying a group of patients with weekly quan-
titative cultures taken through the catheter, Dittmer et
al. [28] found a high incidence of endoluminal catheter
colonization (68%) and bacteremia (35%). Other in-
vestigators assume that skin colonization plays a very
important role, since they found a relation between the
condition of the skin in the exit site and the frequency
of catheter colonization and bacteremia [29]. Typing
organisms by phage, Nielson et al. [27] also found evi-
dence favoring the periluminal route.

ESRD patients are prone to infection due to defense
mechanism dysfunction caused by uremia, as well as to
the specific risk associated with renal replacement
therapies.

Uremia affects the barrier function of skin and mu-
cosa, as well as the humoral immunity, even though the
typical disorder is the cellular immunity impairment.
Lymphopenia, decrease of delayed hypersensitivity,
lymphoid system and thymus atrophy are the charac-
teristic disorders in ESRD, and experimental data sug-
gests the existence of immune inhibitor factors in the
serum of uremic patients [1, 30]. It has not been possi-
ble to establish which are the substances responsible for
such disorders, but they are very likely not to be related
to the well known markers of uremia (urea, creatinine),
but to other factors such as phosphate, potassium, in-
doles, phenols, PTH, and others [1]. Deficiencies in vi-
tamins E and C and folic acid, as well as the increase in
serum levels of trace elements (copper, cadmium) and
zinc depletion, have been related to immune disorders
in uremic patients [31]. Malnutrition, which also devel-
ops in end-stage renal disease patients, has been prov-
en to be a risk factor for infection [32].

Iron overload, caused by excessive iron replacement
or repeated blood transfusions, leads to granulocyte
malfunction and infection [4, 6, 33], increasing the risk
of bacteremia by up to three times [34].

Nasal carriage of S. aureus is another risk factor for
infection in this group of patients, as already men-
tioned. Approximately 15% of healthy individuals are
nasal carriers of S. aureus but this percentage could rise
to more than 60% in dialysis patients [25].

Table 30.2. Organisms isolat-
ed in blood cultures (refer-
ences in text)

Author Date Number
of bacte-
remias

S. aureus
(%)

Coagulase-neg-
ative staphylo-

coccus (%)

Enteroc-
cocus
(%)

Gram nega.
tive bacilli

(%)

Marr 1997 63 43 14 5 24
Robinson 1998 23 35 22 13 13
Capdevilla 1993 13 16 3 38
Almirall 1989 9 44 33 11 11
Schaffer 1995 8 12 62 12 12
Lombardi 1998 7 57 14 14

The contact of blood with the dialysis circuit trig-
gers an inflammatory-anti-inflammatory response me-
diated by cytokines, complement and other mediators
of the inflammatory cascade which leads to a decrease
in the granulocyte function and the release of oxygen-
free radicals. These disturbances have been associated
with a higher risk of bacterial infection, as well as cata-
bolic stress and q 2-microglobulin amyloidosis, particu-
larly if cellulosic membranes are used [2, 35].

30.5
Microbiology

Hemodialysis catheter-related infections are caused
mainly by gram-positive cocci, especially Staphylococ-
cus spp. (Table 30.2). Coagulase-negative Staphylococ-
cus is a prevalent organism as in other settings, but the
incidence of S. aureus is comparatively higher due to
the frequent skin and nasal colonization with this agent
among dialysis patients. Both represent approximately
70% of total catheter colonization. Bacteremia is
caused by coagulase-negative Staphylococcus in
14–76% of cases, while S. aureus has been isolated in
12–44% of cases according to different authors [5, 18,
19, 36–38]. However, in a large series of 63 CR-BSIs, S.
aureus was prevalent (43%) compared to S. epidermidis
(14%) [5].

Enterococcus is the second most frequent gram-pos-
itive coccus after Staphylococcus (5–13%) and, finally,
gram-negative aerobic bacilli (11–24%), among which
Pseudomonas species prevail since they frequently con-
taminate dialysis water. Other bacteremia-causing
agents less frequently isolated are fungi and diphthe-
roids. In our unit we have had eight catheter-related
bacteremia episodes due to Bacillus spp., which have al-
so been reported by other authors [39].

30.6
Diagnosis

The diagnosis criteria for the different forms of cathe-
ter-related infections are mentioned elsewhere in this
section. Diagnosis of catheter-related infection by
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semiquantitative or quantitative methods requires re-
moval of the device. However, if catheter removal is un-
desirable, quantitative blood culture is an alternative
diagnostic method. Blood is drawn through the device
and from a peripheral vein simultaneously. Capdevilla
and colleagues [40] demonstrated that a count fourfold
greater or more in the catheter blood culture than in
the peripheral blood one has a sensitivity of 94% and a
specificity of 100% for the diagnosis of catheter-related
infection. Likewise, a count of >100 cfu/ml in the cath-
eter blood with the same organism in peripheral blood
also has a high predictive value. Other authors suggest
a cutoff of sevenfold greater [41]. The quantitative cul-
ture methods are safer but less practical, so they are not
recommended for clinical practice. Recently, the differ-
ential time to positivity for central versus peripheral
blood cultures for the diagnosis of CR-BSI has been
proposed [42]. Using automated culture systems, posi-
tive results from CVC at least 2 h earlier than peripheral
blood samples could be considered as definitive CR-
BSI.

Exhaustion of peripheral vein in hemodialysis pa-
tients can be a serious limitation to diagnosis. Poole et
al. [43] in a recent study found that in 39% of suspected
CR-BSIs, a peripheral vein could not be used. Efforts to
obtain peripheral blood samples must be made in an
attempt to improve diagnosis performance.

30.7
Morbidity and Mortality Associated
with Catheters for Hemodialysis

Infection is the second most frequent cause of death in
ESRD patients [44]. In the Uruguayan Dialysis Registry,
which includes the entire population of ESRD patients
in Uruguay, infection represents 23% of all-cause mor-
tality [10].

Placement of a catheter as vascular access is a well
known risk factor for bacteremia and sepsis. Neverthe-
less, only recently has a link between type of vascular
access and outcome [45, 46] been demonstrated in ob-
servational and retrospective studies in large series of
patients. Randomized controlled trials cannot be per-
formed to demonstrate this fact for ethical reasons.
However, Polkinghorne et al. [47], using the propensity
score analysis, a statistical tool that minimizes bias due
to non-randomization, demonstrated a significantly
higher risk of death in patients with catheter or arterio-
venous graft (AVG) compared to arteriovenous fistula
(AVF). The risk of all-cause mortality and infection
mortality increased from 1.5- to three-fold when pa-
tients with catheter were compared with those with
AVF.

Timing of creation of vascular access is also related
to the risk of infection and outcome. In a recently pub-

lished study by Oliver et al. [48], early creation of VA (at
least 4 months before starting hemodialysis) was asso-
ciated with lower risk of infection when compared with
late created VA (within 1 month prior to starting dialy-
sis or after). Catheter use increased the risk of infection
by 1.41 (CI 95% 1.14–18.1).

The use of catheter as VA for hemodialysis is also re-
lated to anemia and cardiovascular disease. Roberts et
al. [49] in a cohort of 186348 prevalent and incident
ESRD patients found that the extent of catheter use as
well as VA infection was associated with anemia and a
higher requirement for rHuEPO.

Assuming the hypothesis that inflammatory state
predisposes to cardiovascular disease, Ishani et al. [50]
showed that septicemia or bacteremia was associated
with death, myocardial infarction, heart failure, pe-
ripheral vascular disease and stroke, particularly in pa-
tients without a previous history of cardiovascular dis-
ease. In this study, the higher rates of septicemia or bac-
teremia were observed in patients with catheter as VA.
So, the authors concluded that septicemia is a poten-
tially preventable cardiovascular risk factor in this set-
ting.

Catheter-related infections may become complicat-
ed with metastatic localizations, especially when there
is persistent bacteremia or it is associated with throm-
bophlebitis. The most frequent complications among
others are infective endocarditis, osteomyelitis, suppu-
rative arthritis, spinal epidural abscess and pulmonary
septic emboli.

Osteomyelitis and osteoarthritis are frequent locali-
zations and are observed in 5–15% of all hemodialysis
catheter-related bacteremias [5, 8, 27, 33, 51]. Vertebral,
clavicular, and pelvic involvement are the most com-
mon. Pain is the most frequent symptom, while fever is
only seen in 30% of cases [51]. The most reliable meth-
ods for the diagnosis are bone scintigraphy and CT
scan. Recently, the use of labeled human polyclonal IgG
has been suggested and preliminary studies have
shown promising results [52].

Infective endocarditis is a serious complication that
is associated with high rates of morbimortality. The re-
al incidence of endocarditis is not yet known with cer-
tainty, because there are no well designed epidemiolog-
ical studies and the criteria for diagnosis have been
modified since the introduction of Duke’s diagnosis
criteria [53]. According to the scarce literature avail-
able, the incidence ranges between 3% and 4.4% [8,
54]. Diagnosis may be difficult due to the low frequency
of classical symptoms of endocarditis, and the high fre-
quency of preexisting cardiac murmur in these pa-
tients. Infective endocarditis may be suspected in all di-
alysis patients who have fever or bacteremia of unex-
plained origin. The most sensitive and specific diagno-
sis procedure is the transesophageal echocardiography.
According to Robinson and coworkers [54], catheter in-
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Table 30.3. Infective endocarditis in a series of ESRD patients
(non-published)

Number of cases 20
Age 53.8±12.4 years

Source of infection
Catheter 8
Fistula 3
Other 6
Unknown 3

Microbiology
S. aureus 6
Enteroccocus 5
Gram-negative bacilli 5
Enteroccocus + GN bacilli 1
Negative 3

Valve affected
Aortic 9
Mitral 5
Aortic + mitral 5
Tricuspid 1

Surgery 2 (10%)

Mortality rate 7 (35%)

fection was the cause in 55% of patients. Fever and car-
diac murmur were the most frequent manifestations,
and the mitral valve was the most frequently affected.
The prevalent germ was S. aureus, followed by S. epider-
midis. Only five patients underwent valve replacement
and the mortality rate was 30%. The above data is very
similar to that from an unpublished series studied by
the author in 1993, the results of which are shown in Ta-
ble 30.3 [55].

Recently, Fernandez-Cean and coworkers [56] have
proposed a strategy based on the removal of vascular
access and the transient switch from hemodialysis to
peritoneal dialysis in patients with infective endocardi-
tis, because of a better outcome in a series of 21 pa-
tients.

Spinal epidural abscess is a rare and serious infec-
tion. However, its frequency has been increasing due to
the more extensive use of hemodialysis catheters, espe-
cially when catheter salvage has been used [57]. The
main symptom is persistent and intense back pain [57,
58]. Fever and leukocytosis are not constant. In some
cases, neurological manifestations due to medullar
compression (paresis, hypoesthesia or paresthesia)
could be observed. The prevailing organism is S. aure-
us, which is isolated in 60% of cases. The diagnostic test
of choice is magnetic resonance imaging. Treatment
consists of a prolonged course of antibiotics for
4–6 weeks, the antibiotic being selected according to
the susceptibility of the causative organism and its
bone tissue penetration. Surgery for drainage of the
epidural space is indicated when symptoms of medul-
lar compression are observed. Diagnosis and treatment
must be made without delay, to minimize the risk of
neurological sequelae, which are in fact frequent.

30.8
Prevention

Universal precautions and adhesion to aseptic tech-
nique in the placement and management of the cathe-
ter are the cornerstones in the prevention of catheter-
related infections. Selection of the site of insertion,
dressing technique, type of catheter, replacement of
catheter, prophylactic use of antimicrobial and other
strategies are complementary issues to be considered.

Several studies have shown that infection rate is less
frequent when the subclavian vein is used as the place-
ment site [15], and that is the reason why it has been the
insertion site of choice. However, the frequency with
which subclavian vein stenosis and thrombosis occur
[59–61] has determined the preference for the internal
jugular vein. There is controversy about the femoral
vein, traditionally considered to be more risky and
used for just a few days. However, some studies show
that it can be used as a prolonged access without major
infection risks. Montagnac et al. [62] found a coloniza-
tion rate of 21.8% in a group of 55 patients with sili-
cone-rubber femoral catheters that on average stayed
in for 41 days. In another study [63], carried out with
polyurethane double-lumen catheters in hospitalized
patients, the rate of infection found was not higher than
the usual one, even though the duration of placement
was 7 days. Recently, Oliver et al. [64] proposed to re-
move non-tunneled femoral catheters after 1 week, be-
cause of a higher relative risk of bacteremia when com-
pared with devices inserted in the internal jugular vein.
If the femoral vein needs to be used because of exhaust-
ed vein access, a tunneled catheter could be as safe as an
internal jugular vein one [65].

Catheter site dressing regimens are controversial
and a very active topic of research. Levin and associates
[66] have demonstrated that the use of povidone-io-
dine ointment and sterile gauze on the catheter exit site
has significantly decreased the frequency of catheter-
related infection. Exit site infection falls from 5 to 1.23
episodes/1,000 catheter-days, tip colonization from
11.26 to 5.33/1,000 catheter-days, and bacteremia from
4.59 to 0.41 episodes/1,000 catheter-days. Decrease of
the relative risk was 72%, 52%, and 93%, respectively.
On the other hand, they proved the reduction to be
more evident in S. aureus nasal carriers. Other authors
have studied the effect of mupirocin, an active anti-
staphylococcal topical antibiotic, in the form of an oint-
ment at the exit site level, for the prevention of infec-
tions caused by S. aureus. Sesso and associates [67] ran-
domized 136 ESRD patients with non-tunneled non-
cuffed catheters to disinfect their skin with povidone-
iodine versus 2% mupirocin ointment after catheter
placement and in every hemodialysis. They found sig-
nificantly less catheter colonization (1.76 vs. 14.27 epi-
sodes/1,000 catheter-days) and bacteremia (0.71 vs.
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8.92 episodes/1,000 catheter-days) with the use of mu-
pirocin.

Similar results were found recently by Johnson et al.
[68] in a group of dialysis patients with tunneled-cuffed
catheters. Using an ointment with three antibiotics
(bacitracin, gramicidin and polymixin B), Lok and co-
workers [69] in a well designed study demonstrated a
dramatic reduction of CR-BSI from 2.48 to 0.63 epi-
sodes/1,000 catheter-days. Our own experience is in ac-
cordance with these results: after the implementation
of the routine use of mupirocin in July 2001, the histori-
cal incidence of CR-BSI dropped from 2.1 to 0 episodes/
1,000 catheter-days.

There is growing evidence that tunneled, cuffed cath-
eters are associated with less risk of infection when com-
pared to non-tunneled, non-cuffed ones. In a non-con-
trolled study [70] using Hickman catheters, the authors
found a lower rate of CR-BSI (0.8 episodes/1,000 cathe-
ter-days) than that previously reported by the same
group. In another paper [71], 80 tunneled, cuffed cathe-
ters were compared prospectively to standard double-lu-
men catheters. Incidence of bacteremia was significantly
lower in the tunneled device group (1.3% vs. 3.6%), but
exit site infection was higher (29% vs. 9%). The device
composed of two separated single lumen catheters intro-
duced by Canaud [72] has been used increasingly largely
because it provides good dialysis adequacy with an ac-
ceptable catheter survival and a relatively low risk of in-
fection [73]. However, implementation of measures
tending to select AVF as the preferred vascular access
should be stressed and the use of central venous cathe-
ters as permanent access should be discouraged [74].

Likewise, there is not enough information to sustain
the use of antiseptic or antimicrobial-impregnated
catheters (silver, chlorhexidine, cefazolin, etc.). Even
though there are studies that show beneficial effects in
other kinds of patients [75], there is no evidence to
prove the results are similar in a hemodialysis setting.
A randomized study carried out on 100 patients using
silver-impregnated catheters could not demonstrate
any preventive effect of this type of catheter on coloni-
zation rate, and they are also more expensive [76]. Fi-
nally, a small series of four patients with silver-impreg-
nated cuffed catheters was compared to another four
patients with regular catheters. The latter had less in-
fectious complications than the study group [77]. Since
the activity of coated antibiotics and antiseptic declines
with time, the efficacy of this approach could be limited
in long-term central venous-catheters.

Replacement of the catheter over a guidewire, which
is common practice and is safe in critically ill patients
[78], has not been studied enough in hemodialysis pa-
tients. Uldall [79] compared the weekly replacement
over a guidewire with clinically indicated replacement,
and did not find differences in the infection rates be-
tween the two groups.

Table 30.4. Antibiotic-anticoagulant lock solutions

Antibiotic Anticoagulant

Gentamicin 40 mg/ml Tri-sodium citrate 3.13%
Vancomycin 2.5 mg/ml Heparin 2,500 units/ml
Vancomycin 2.5 + gentamicin

1 mg/ml
Heparin 2,500 units/ml

Cefazolin 5 mg/ml Heparin 2,500 units/ml
Cefazolin 5 mg/ml + gentamicin

1 mg/ml
Heparin 2,500 units/ml

Taurolidine 1.35% Sodium citrate 4%

There are no data about the effect of prophylactic anti-
biotics in hemodialysis catheters, but if we take into ac-
count the results in other settings [15], such practice is
not recommendable.

New strategies for the prevention of catheter related
infection were proposed recently. Antibiotic-locking of
catheter, a well known therapeutic approach for the
treatment of CR-BSI, was tested with the aim of pre-
venting infection (Table 30.4). When gentamicin [80,
81], cephazolin [82], and taurolidine [83] with citrate
or heparin were compared to heparin alone, a lower
rate of CRI and greater CRI-free catheter survival was
observed. A supplementary beneficial effect of locking
catheters with antibiotics on epoietin requirement was
also observed in one study [81]. However, there is con-
cern about the consequences of systemic exposure to
gentamicin (ototoxicity) and citrate (hypocalcemia), as
well as the risk of development of bacterial resistance.
Further studies are required to establish the efficacy
and safety of the antibiotic-lock technique.

In 2001, the National Kidney Foundation updated
the guidelines for improving the dialysis patient quality
of life and life expectancy [74]. The K/DOQI recom-
mendations formulated regarding the prevention of in-
fections related to catheters are:

1. Trained dialysis staff should only perform hemodi-
alysis-catheter dressing changes and catheter
manipulations (evidence/opinion).

2. Catheter exit site should be examined at each hemo-
dialysis treatment for signs of infection (opinion).

3. Catheter exit site dressings should be changed at
each hemodialysis treatment (opinion).

4. Use of sterile gauze and povidone-iodine or mupi-
rocin ointment at the catheter exit site at the end of
each dialysis session is recommended (evidence).

5. During catheter connection and disconnection
procedures, nurses and patients should wear a sur-
gical mask. Nurses should also wear sterile gloves
(opinion).

6. Manipulating a catheter and accessing the patient’s
bloodstream should be performed in a manner
that minimizes contamination. Hubs should be dis-
infected with povidone-iodine for 3–5 min. Hubs
should be covered in order to prevent exposure.
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30.9
Treatment

Removing the catheter and the use of systemic antibiot-
ics, followed by delayed placement of another catheter
in a new site, is the most effective and safe strategy for
the treatment of catheter-related bacteremia. However,
this modality of treatment implies the loss of venous
access, which is critical in ESRD because of the need for
preservation of the vascular bed.

There is general agreement that non-tunneled CR-
BSI should be treated promptly with systemic antibiot-
ics and the removal of the device [78]. On the contrary,
in tunneled catheters the decision to remove the device
is based mainly on the severity of the infection (severe
sepsis, metastasic seeding, endocarditis, etc.) and sal-
vage strategies could be attempted [84, 85].

30.9.1
Antibiotic Therapy

When a catheter-related infection is suspected, systemic
empiric antibiotic therapy must be started, based upon
the prevailing organism and its sensitivity pattern. As
previously mentioned, in 70–80% of cases, the causa-
tive organisms are Staphylococcus, which is frequently
resistant to methicillin, and Enterococcus. For that rea-
son, the empiric antibiotic of choice is vancomycin,
which has the additional advantage of a low dosage re-
quirement (1 g weekly) for pharmacokinetic reasons
[86]. An aminoglycoside must be added in order to cov-
er gram-negative aerobic bacilli; dosage must also be
adapted to renal function and body mass (amikacin:
7 mg/kg body weight, postdialysis). Seric levels of van-
comycin and aminoglycoside must be monitored to
avoid toxicity. Third-generation cephalosporin could be
used instead of aminoglycosides to prevent ototoxicity
[85]. Once the agent has been identified and susceptibil-
ity data are available, therapy should be adjusted ac-
cordingly. The widespread use of vancomycin must be
discouraged because of its relatively lower antimicrobi-
al activity with regard to antistaphyloccal beta-lactami-
nes and the risk of vancomycin-resistant enterococcus
selection [87, 88], which is emerging as a frequent path-
ogen in this population. Cefazolin, in a schedule of
1–2 g postdialysis, has shown satisfactory results in the
case of methicillin-sensitive S. aureus [89, 90]. Recom-
mended duration of treatment is 2–3 weeks.

30.9.2
Catheter Management

As was stated, non-tunneled catheters should be re-
moved immediately, which implies the elimination of
the source of infection and enhances the chances of
cure.

On the contrary, when prolonged, tunneled-cuffed,
double-lumen or twin catheters are used, salvage of the
catheter or the venous site should be attempted. Three
alternatives have been suggested: (1) maintenance of
the catheter in place, (2) replacement over a guidewire
using the same venous access, and (3) instillation of an-
tibiotics in the lumen of the device. In spite of the fact
that some authors [36, 91, 92] have obtained satisfacto-
ry results with catheter maintenance and systemic anti-
biotics, the majority of investigators did not obtain sat-
isfactory results [21, 93, 94]. Therefore, this practice
could be considered as a suboptimal and non-recom-
mended approach. Catheter replacement over a guide-
wire keeping the same venous access has been suggest-
ed as an alternative. This procedure may be rehearsed if
the access is not severely infected (sepsis, endocarditis
or other metastatic colonizations) and if the tunnel or
the exit site is not infected. If this is the case, the cathe-
ter may be placed in the same vein through a new tun-
nel [95]. In a series of 21 catheters, replacement over a
guidewire failed in the four cases in which the exit site
was infected [96]. Robinson et al. [37] achieved a reso-
lution rate of 92% in a series of 23 cases of CR-BSI with-
out infection on the exit site, treated with replacement
over a guidewire and 3 weeks of systemic antibiotics. In
a short series of 13 episodes of persistent bacteremia in
spite of the systemic antibiotic and in which the tunnel
was not infected, Schaffer [38] achieved cure of infec-
tion in all the cases by combining the replacement over
a guidewire with a new tunnel and a short systemic an-
tibiotic course (1–2 weeks), even in those cases of my-
cotic infection. In a recent work, Beathard [95] pro-
spectively studied a series of CR-BSIs in hemodialysis
patients that he divided into three categories: (1) mini-
mal symptoms without skin infection, in which he re-
placed the catheter over a guidewire after a 48-h treat-
ment with systemic antibiotics; (2) minimal symptoms
with tunnel or exit site infection, in which he replaced
the catheter over a guidewire and created a new tunnel;
and (3) severe clinical symptoms, which were treated
by removing and delayed replacement. In all cases sys-
temic antibiotics were used for 3 weeks. With these
practices, cure rates were 87.8%, 75%, and 86.5%, re-
spectively.

Finally, instillation of an antibiotic-anticoagulant
solution in the catheter lumen has been used success-
fully in some recent studies. Krishnasami et al. [97],
using vancomycin plus gentamicin plus heparin as a
lock solution in addition to systemic vancomycin/
gentamicin, achieved a cure rate of 65% and an infec-
tion-free catheter survival of about 65% at 45 days.
The same group, in another study using ceftazidime
instead of gentamicin, obtained a 70% cure of cathe-
ter-related bacteremia. The type of causative microor-
ganism makes a difference in the likelihood of cure,
being higher in gram-negative bacilli, intermediate in
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Table 30.5. Guidelines for the treatment of CR-BSI

Type of
catheter

Management of
catheter

Antibiotics

Non-
tunneled

Remove Systemic antibiotic for
2 weeks

Tunneled-
cuffed

1. Remove Systemic antibiotic for
2 weeks

2. Non-remove
(salvage)

Systemic antibiotic for
2–3 weeks plus antibi-
otic lock

3. Change over
guidewire

Systemic antibiotic for
2–3 weeks

a) Same tunnel
(non-infected)

b)New tunnel (if
infected)

negative-coagulase staphylococcus and lower in S. au-
reus.

Infection of the exit site without systemic infection
is treated topically. If it persists, systemic antibiotics are
prescribed. Tunnel suppuration is treated with system-
ic antibiotics.

To summarize (Table 30.5):

1. CR-BSI in non-tunneled catheter: catheter removal,
with replacement in another venous site, associated
with systemic antibiotics for 2 weeks

2. CR-BSI in tunneled catheter:
a) Catheter removal with replacement of a new

non-tunneled catheter and systemic antibiotics.
Criteria for the removal are severe infection
(sepsis, endocarditis, osteoarthritis, spinal epi-
dural abscess); persistent bacteremia beyond
48–72 h of antibiotic therapy or worsening of
clinical status; blood cultures positive to fungi;
exit tunnel suppuration

b) Non-removal of catheter
i) Salvage of catheter with systemic antibiotics

and antibiotic-lock
ii) Replacement over a guidewire and insertion

of a new tunneled catheter in the same ve-
nous site. If there is tunnel suppuration,
maintaining the venous site and replacing the
catheter through a new tunnel can be tried.
In all cases, systemic antibiotic therapy se-
lected according to susceptibility of the of-
fending organism must be performed for
2–3 weeks.

3. Exit site infection. Antiseptic or local antibiotic
treatment (mupirocin, iodo-povidone, chlorhexidi-
ne)

4. Tunnel infection. It is recommended to remove the
catheter and administrate systemic antibiotics, but
replacement over a guidewire with a new tunnel
could be attempted.
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De los Santos M (2006) Programa de Vigilancia Epidemio-
lógica de 4 Centros de Diálisis en Montevideo. Rev Med
Uruguay (submitted)

320 30 Hemodialysis Catheter-Related Infections



20. Dryden MS, Samson A, Ludlam HA, Wing AJ, Phillips I
(1991) Infective complications associated with the use of
Quinton Permcath for long-term central vascular access
for hemodialysis patients. J Hosp Infect 19:257–262

21. Moss AH, Vasilakis C, Holley JL, Foulks CJ, Pillai K, McDo-
well DE (1990) Use of a silicone dual-lumen catheter with
a Dacron cuff as a long-term vascular access for hemodial-
ysis patients. Am J Kidney Dis 16:211–215

22. Prabhu PN, Kems SR, Sabatelli FW, Hawkins IF, Ross EA
(1997) Long-term performance and complications of the
Tesio twin catheter system for hemodialysis access. Am J
Kidney Dis 30:213–218

23. Raad I, Costerton W, Sabharwal U, Sacilowski M, Anaissie
E, Bodey GP (1993) Ultrastructural analysis of indwelling
vascular catheters: a quantitative relationship between lu-
minal colonization and duration of placement. J Infect Dis
168:400–407
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31 Infection of Pulmonary Arterial
and Peripheral Arterial Catheters
A. Rodrı́guez, J. Rello

31.1
Background

The pulmonary arterial catheter (PAC) and the periph-
eral arterial catheter (AC) are used frequently in the
management of critically ill patients, but not without
risk. The use of the catheter has been associated with
complications such as infection of catheter insertion
site and catheter-related infection with and without
subsequent catheter-related bacteremia (CRB) [1].

Current information about infections associated
with the central venous catheter (CVC) is extensive.
However, less information is available about arterial
catheters used temporarily in specific hospital areas
like the intensive care unit (ICU). Insertion complica-
tions may occur during central venous catheterization,
while infectious complications have occurred with
catheter maintenance. In1998, Raad [2] estimated that
in the USA at least 400,000 episodes of vascular cathe-
ter-related bloodstream infection occur every year. The
Center of Disease Control (CDC) guidelines [3] indi-
cate the rate of AC-related bloodstream infection is
comparable to that of temporary CVCs (2.9/1,000 cath-
eter-days). The attributable cost of treating one episode
for a patient in the ICU increased from US $28,000 in
1994 to more than US $56,000 [4, 5] in 2000.

In 1979, Band and Maki [6] reported a 4% incidence
of catheter-related bloodstream infection (CRBSI) as-
sociated with an arterial catheter that had remained in
place for over 96 h. Myres et al. [7] reported a catheter-
related infection (CRI) rate of 5.8% when the mean du-
ration of catheterization was 4.2 days, while Hudson-
Civetta et al. [1] reported a 10% rate of positive catheter
segment cultures at 3 days in a large group of patients
with sepsis. At the same time, Pinilla et al. [8] reported
that the rate of infectious complications associated
with the internal jugular site (29%) and the antecubital
site (20%) was higher than with the subclavian ap-
proach (7%). The rates of PAC-related infection and
CRB reportedly range from 1.7% to 35% [1–10], which
may reflect differences in the patient population and
the methods used to recognize infection.

While the most frequently selected arteries for pe-
ripheral arterial catheterization are the radial and fem-

oral arteries, there are currently no specific guidelines
on the type of catheter (venous/arterial) to use to pre-
vent a catheter-associated infection. Few studies have
evaluated the incidence and pathogenesis of coloniza-
tion and bloodstream infection secondary to the place-
ment of AC.

In this chapter, we summarize current knowledge of
infectious complications associated with these cathe-
ters and focus on laboratory diagnosis and clinical ap-
proach.

31.2
Pulmonary Arterial Catheter

The benefits of arterial catheterization in critically ill
patients must be balanced by the potential technical
and septic risks. The risk of CRBSI from PAC has been
difficult to assess due to the reported variable incidence
of catheter colonization (ranging from 5.8 [4] to 40%
[8]) and bloodstream infection (ranging from 0% [7,
12–14] to 10% [15]). The characteristics of pulmonary
arterial catheter colonization and bloodstream infec-
tion are shown in Table 31.1. As Rello et al. [16] state,
these results are heterogeneous and cannot be com-
pared since they have used different methods of diag-
nosis, incomplete data or too few cases. Also, they have
different populations and risk factors.

The cumulative incidence of bloodstream infection
associated with PAC is generally low, i.e. <5% in most
reports (Table 31.1). The risk of developing catheter-re-
lated sepsis has been shown to vary from 0.3% to 0.5%
per day per catheter [17]. In contrast, the cumulative
incidence of colonization is generally high, ranging
from 5.8% to 40%. Given that in most series the period
of catheterization is short, the incidence of coloniza-
tion ranged from 1.3 to 15.5 episodes per 100 catheteri-
zation days [7, 11] or from 0.9 to 12.2 episodes per 1,000
catheterization days [18, 19]. The CDC [3] recom-
mends that the rate of CRBSI be expressed as the num-
ber of catheter associated bloodstream infections
(BSIs) per 1,000 catheter days. This parameter is more
adequate than the rate expressed as the number of
CRBSIs per 100 catheters (or percentage), because it ac-
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Table 31.1. Characteristics of pulmonary arterial colonization or bloodstream infection. Adapted from [16]

Ref., year ICUa Designb Culturec No. cases Daysd Bactere-
mia (%)

Colonization
(%) (×100 d) (×1,000 d)

[21], 1978 Q P Qual. 57 3.2 0 25 7.81 –
[22], 1978 C R Qual. 152 2.5 0 30 12.00 –
[23], 1980 G P – 71 2.8 2.8 – – –
[26], 1981 G P Semi. 31 2.9 – 6.4 2.2 –
[24], 1982 M P Qual. 153 – 0 19 – –
[20], 1982 G P Semi. 37 3.5 – 8.1 2.31 –
[25], 1983 G P Semi. 133 2.6 2 10 3.84 –
[8], 1983 Q P Semi. 37 – 2.7 16 – –
[15], 1984 G P Quan. 10 – 10 20 – –
[27], 1985 G P Semi. 12 6.0 0 33.3 5.55 –
[7], 1985 Q P Semi. 170 4.4 0 5.8 1.31 –
[28], 1987 Q P Semi. 63 3.0 0 6.1 2.03 –
[11],1987 G P Quan. 20 2.6 – 40 15.83 –
[1], 1987 Q P Semi. 49 3.0 0 10.2 3.4 –
[29], 1988 G P Semi. 272 – 5 12 – –
[12],1988 Q P Semi. 102 3.5 0 5.9 1.68 –
[13], 1988 Q P Semi. 60 2.5 0 6 2.4 –
[10], 1993 G P Semi. 69 4.5 2.9 21.7 4.98 –
[30], 1994 Q P Semi. 297 3.0 0.7 21.9 – –
[31], 1994 Q P Semi. 442 3.1 1.1 21.7 6.8 –
[14], 1996 G P Semi. 66 5.0 0 28.7 5.6 –
[19], 2001 C P Semi 157 6.6 0.6 11.5 – 0.93
[32], 2001 Ca P Semi. 77 3.0 0 8.9 – 15.5
[18], 2003 G P Semi. 98 4.8 0 4.5 – 7.0

85 6.5 0.8 9.6 – 12.2

a Intensive Care Unit: Q surgical, C coronary, G general, M medical, Ca cancer center
b Design: P prospective, R retrospective
c Culture: Qual. qualitative, Semi. semiquantitative, Quan. quantitative
d Mean days of catheterization

counts for BSIs over time and therefore adjusts risk for
the number of days the catheter is in use. Local inflam-
mation at the insertion site (erythema, cellulites, etc.)
occurs in 0.9–16% of patients [16, 19, 20] and is usually
resolved by withdrawing the catheter.

In CRI, bacteria may gain access to the bloodstream
in two ways: they may migrate from the catheter-skin in-
terface over the external surface or down the internal
surface of the catheter to the catheter trip. Widmer [33]
thinks that the physician should adhere strictly to the
recommendation that the PAC should be replaced after
5 days, because the risk of CRI or CRB after 5 days is sub-
stantial, i.e., up to 80% after 14 days of catheterization.

There are several potential sources of microorgan-
ism contamination for catheter colonization and
bloodstream infection. Maki et al. [34] believe that the
external surface is the most important source of infec-
tion because [33]:

1. The colonization of the catheter is mainly detected
by microorganisms on the external surface.

2. Bacteria have been shown to move along the other
surface, possibly by capillary action.

3. There is a strong link between the semiquantitative
culture (SQC) of the external surface of CRB.

4. Colonization of the skin is a strong predictor of
CRI and CRB.

5. Topical disinfectants reduce the rate of infection.
6. Maximal barrier precautions taken at the time of

catheter insertion prevent infection.

The catheter may be colonized internally secondary to
contamination of the hub or infusate derivate from skin
or infusate. Nevertheless, cutaneous colonization of the
device at the insertion site is the main source of micro-
organism contamination. Hubs are frequently colo-
nized, and their contribution as a primary source of in-
fection is well established [30, 31]. Liñares et al. [35]
have highlighted the importance of hubs as a source of
microorganism contamination in parenteral nutrition
catheters. Similarly, PAC hubs are frequently manipu-
lated by caregivers, usually without optimal aseptic
technique. Moreover, repeatedly injecting a frozen sa-
line solution to monitor cardiac output, drawing multi-
ple blood samples for biochemical tests, measuring ox-
ygen pressure in mixed venous blood and repeatedly
manipulating the catheter to administer drugs to criti-
cally ill patients increases the risk of bloodstream in-
fection from hubs [16]. Bacteria can migrate from the
hub to the tip of the catheter while protected from any
host-defense mechanism. This hypothesis is also sup-
ported in animal models [36] and clinical studies [37].

Important pathogenic determinants of CRI are: (a)
the material from which the device is made and (b) the
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intrinsic virulence factors of the infecting microorgan-
isms. Catheters made of Teflon, silicone or polyure-
thane are likely to be more resistant to the adherence of
microorganisms than catheters made of polyvinylcho-
ride or polyethylene [38]. Furthermore, higher rates of
CRI have been reported with triple-lumen catheters
(three hubs) than with single-lumen catheters (one
hub) [39].

Finally, as Widmer [33] states, contamination of the
skin at the insertion site may be the most important
variable in short-term catheterization, whereas the hub
becomes more important as a source of infection as the
duration of catheterization increases.

The microorganisms involved in both catheter colo-
nization and bloodstream infection include: coagulase-
negative staphylococci, Staphylococcus aureus, Strepto-
coccus sp., Gram-negative bacilli (such as Pseudomonas
sp., Proteus sp., Escherichia coli, or Klebsiella sp.) and
Candida albicans [11, 24]. In a prospective study, Rello
et al. [10] analyzed 69 PACs that remained in situ over
24 h in a general ICU. Eighteen strains of microorgan-
isms were isolated from 15 catheters. In 13 (72.2%)
cases, the pathogens identified were coagulase-nega-
tive staphylococci, which were simultaneously recov-
ered from the skin around the insertion site in 10 cases.
The remaining five pathogens isolated were Gram-neg-
ative bacilli, which were isolated from the hubs but not
from the insertion site. These findings suggest the need
to culture hubs when pulmonary arterial catheter-re-
lated bloodstream infection is suspected.

Henderson [40] grouped risk factors for CRI and
CRB into patient-related factors and hospital-related
factors. Age, altered host-defense mechanism, the se-
verity of the underlying disease, remote infections and
sepsis are all considered patient-related risk factors
and cannot usually be altered but should be considered
when developing catheter maintenance protocols [41].

Hospital-related factors include catheter type and
material, insertion sites, type of placement (percutane-
ous vs. cutdown), duration of site use, emergency vs. se-
lective placement, the skill of the individual who places
the catheter and alterations in skin microflora [41].

In particular, several risk factors have been consid-
ered regarding PAC infection, but the most frequently
analyzed variable is probably the length of catheteriza-
tion. This may be a co-factor in the severity of the un-
derlying illness; septic patients are at a much higher
risk than nonseptic patients. The length of hospitaliza-
tion prior to catheter insertion may also be a risk factor,
but this is difficult to distinguish from the severity of
illness [41].

The CDC recommended in its guidelines for pre-
venting intravascular infections “the proper and fre-
quent changing of central venous cannulas that are
used for pressure monitoring” [42]. Several studies
have demonstrated a significant increase in the rate of

positive PAC aspirate cultures [21], catheter-related in-
fection [43] and intra-arterial catheter-related infec-
tion [6] after 72 h in situ. In their study, Hudson-Civetta
et al. [1] evaluated the risk of PAC infection in septic
surgical patients but found no cases of bloodstream in-
fection after 72 h of catheterization and no relationship
between the percentage of positive catheter-aspirate
cultures and the duration of catheterization. However,
all subjects received antibodies to treat their primary
infection. On the other hand, Sise et al. [44], using a
qualitative culture method, found that local and other
septic complications are infrequent within the first 72 h
but rise significantly thereafter. Another study [45]
used a protocol to determine whether PAC sites (and
those of other types of catheters) could be used for lon-
ger periods to avoid the risk of repeating central veno-
punctures. The rate of CRI increased in nonseptic pa-
tients when catheter use was extended from 4 days to 6
(33% vs. 12%, p<0.05). There was also a strong rela-
tionship between number of days of catheter placement
in the ICU and the likelihood of subsequent CRI, e.g.,
catheters placed at e 6 days versus those placed after
7 days (p<0.05).

Infections are probably more frequent when cathe-
ters are exposed to bloodstream infections from other
sites [1, 21], or where there are local signs of inflamma-
tion at the insertion site [21]. Senagore et al. [28] pro-
spectively studied the infection rate by evaluating two
different vascular accesses (subclavian vein vs. jugular
vein) and whether they were replaced by new puncture
or through a guide wire; they found no significant dif-
ferences. An earlier randomized trial [46] to evaluate
scheduled replacement was carried out on 112 patients
and 460 catheters. It compared the changes performed
every 7 days either with guide assistance or new punc-
ture sites with the changes performed with new punc-
ture sites when indicated clinically. There were no sig-
nificant differences in the complication rates between
the three groups, but infections and mechanical com-
plications were slightly more frequent in patients in the
scheduled-change group than in the group whose cath-
eters were changed when indicated clinically. Recently,
in another randomization trial, Cobb et al. [47] com-
pared four methods of catheter exchange. These were:
replacement every 3 days either by insertion at a new
site (group 1), exchange over a guide wire (group 2), re-
placement when clinically indicated by insertion at a
new site (group 3) or exchange over a guide wire (group
4). The incidence rates (per 100 days of catheter use) of
bloodstream infection were: 3 in group 1, 6 in group 2,
2 in group 3 and 3 in group 4. The incidence rates of
mechanical complications were 14%, 4%, 8% and 3%
for groups 1, 2, 3, and 4, respectively, and the patients
randomly assigned to guide-wire-assisted exchange
were more likely to have bloodstream infection after
the first 3 days of catheterization (6% vs. 0%, p<0.05).
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Table 31.2. Risk factors for colonization of pulmonary-artery
catheter. Adapted from [16]

Ref. Risk factor Odds ratio

12 Children –
Long catheterization –
Inotropic use –

47 Skin colonization 5.5
Jugular access 4.3
>3 days 3.1
Antisepsis violation 2.1

10 >5 days 2.1
Antibiotic use 0.2

The authors concluded that routinely replacing central
vascular catheters every 3 days does not prevent infec-
tion, but exchanging catheters with a guide wire in-
creased the risk of bloodstream infection. Recently,
Chen et al. [18] reported no statistically significant dif-
ference for PAC colonization and CRBSI rate when in-
tervals of 4 or 7 days between insertion and replace-
ment were compared. The catheter colonization rate
was 7.0 episodes/1,000 catheter days in the 4-days
group versus 12.2 episodes/1,000 catheter day (OR 1.7,
95% CI 0.6–5.1) and the CRBSI was 0.0 vs. 1.0 epi-
sodes/1,000 catheter day, respectively.

Since most of the clinical and epidemiologic vari-
ables often cited affect the risk of CRI and RCBSI, a
multivariate statistical analysis such as multiple logis-
tic regressions is the only way to identify which vari-
ables independently influence the risk after adjustment
has been made for all others. Table 31.2 summarizes the
results of three reports [10, 12, 48] that evaluated po-
tential risk factors by multivariate analysis. In the study
by Rello et al. [10], 20 potential risk factors were ana-
lyzed. Only seven variables had an odds ratio (OR) >2.
These were: (1) the duration of catheterization over
5 days, (2) jugular access, (3) insertion technique, (4)
complications, (5) diurnal insertion, (6) absence of mi-
crobial use, and (7) cardiorespiratory arrest. However,
when these variables were included in the logistic re-
gression analysis, only the duration of catheterization
(>5 days) was statistically linked to a greater risk of
PAC colonization. In contrast, antimicrobial use was as-
sociated with negative cultures.

It is difficult to diagnose CRI and CRB. Clinical crite-
ria alone, such as fever or inflammation at the catheter
insert site, are nonspecific and usually of little help [49,
50]. When CRI is suspected it is common practice to re-
move the catheter and replace it at a new site. However,
80–90% of new febrile episodes in patients in intensive
care are not caused by catheter infection. It has there-
fore been estimated that 75–85% of catheters are re-
moved unnecessarily during a new fever episode [47,
49, 51]. So the increased risks of infection or traumatic
complications secondary to unnecessary catheter re-
placement should also be considered.

Table 31.3. Definitions on catheter infection

Term Definition

Catheter-related infec-
tion (CRI)

Catheter segment culture with
presence of = or >15 colonies on a
blood agar by semiquantitative
culturea

Catheter-related
bloodstream infection
(CRBSI)

Isolated from the same organism
from a catheter segment quantita-
tive or semiquantitative culture
and from a peripheral blood cul-
ture in a patient with sepsis syn-
drome

Catheter contamina-
tion

Presence in a specimen taken for
culture, of organisms introduced
by the person collecting the speci-
men during the course of obtain-
ing the sample

Catheter colonization Catheter segment culture with
presence of <15 colonies on blood
agar by semiquantitative culture

a The Centers of Disease Control and Prevention (CDC) defini-
tion includes necessary signs of infection, fever or elevated
white blood cell count, and local signs of inflammation such
as erythema

“Catheter-related infection” is an imprecise term. Erro-
neous delineation of contamination, colonization and
true catheter-related infection can lead to confusion
and an incorrect interpretation of this paper. Table 31.3
shows, therefore, which definitions of catheter infec-
tion are now generally accepted [33, 41]. Clinical mark-
ers show a poor correlation with infection associated
with PAC or central-venous lines. Laboratory tests are
therefore needed to confirm a clinically suspected diag-
nosis of CRI. Interpretation of the laboratory results
depends on the culture method and the gold standard
used. Diagnostic methods can be classified as:

1. Qualitative broth culture, when colonies are not
counted. This method is highly sensitive but not
very specific and does not help to distinguish
contamination from infection.

2. Semi-quantitative culture, when the specimen is
cultured directly and the colonies are counted on
agar plates to allow an enumeration just within a
limited range. This technique has several impor-
tant limitations: only the external surface of the
catheter is explored, so endoluminal infections
may be undetected. Sensitivity is optimal (almost
100%) but specificity is low (20–50%) [50].

3. Quantitative culture, when the serial dilutions of
the original specimen are used for culture. This
technique only explores the internal part of the
catheter. The quantitative culture technique has
been simplified with catheter vortexing in sterile
water by Brun-Bruisson et al. [52]. Both specificity
(88%) and sensitivity (97%) are high.
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In 1979, Wing et al. [53] had the idea of performing cul-
tures of blood withdrawn from the catheter and a pe-
ripheral vein. More recently, Hudson-Civetta et al. [1]
evaluated multiple samples from 49 patients with PAC
to confirm the hypothesis that bloodstream infection
could be diagnosed on the basis of qualitative catheter-
drawn cultures. However, neither blood cultures from
peripheral veins, arterial blood, or catheter-drawn
blood were found to be useful. This study concluded
that pulmonary arterial catheter-related bloodstream
infection should only be evaluated with segment-cathe-
ter cultures and blood samples drawn by direct veni-
puncture. Several authors [2, 50, 54], however, state
that paired quantitative blood cultures should be used
to diagnose CRI. These techniques are based on the
premise that, when a bacteremia is linked to a CRI, the
number of microorganisms retrieved by the blood cul-
ture drawn from the catheter is higher than in the
blood peripheral culture. A diagnosis is proposed when
the number of colonies isolated from the cultures of
blood taken through the vascular catheter is at least five
times the number in the culture of a concurrent periph-
eral blood sample. The predictive value of this method
has been studied using a threshold for positive of be-
tween 15 and 103 CFU/ml with a specificity of 99% but
a sensitivity of just 20% for diagnosing CRI in cancer
patients [55]. Fan et al. [56] found that differential
blood cultures correctly identified seven out of nine in-
fected catheters. In this study, sensitivity was 77.8%
and specificity was 100%, with no false-positive results.
Similarly, Douard et al. [57] found that differential
blood cultures had a specificity and positive predictive
value of 100%, while their sensitivity (38%) and nega-
tive predictive values (78%) were slightly lower. De-
spite their accuracy, paired cultures are not routinely
used in clinical practice, mainly because of their rela-
tive complexity and cost.

Passerini et al. [11] used electron microscopy and
the quantitative culture method in the CRI. They
showed that the extent of catheter colonization in inter-
nal and external surfaces is different. Even more impor-
tant is the fact that colonization is not uniform along
the length of the catheter surface. This method has no
clinical interest, but it questions the real value of using
a single segment of the catheter to diagnose coloniza-
tion. Rello et al. [58] evaluated the usefulness of semi-
quantitative cultures of distal, intradermal and atrial
segments (3 cm around the proximal orifice) for diag-
nosing PAC colonization. In this study, the semiquanti-
tative culture of the tip detected 66% of colonized cath-
eters. Results were similar when the other segment was
considered independently. Rello et al. therefore con-
cluded that a combination of both intradermal and dis-
tal segment cultures is the most practical and reliable
method for identifying colonized PAC. In another
study, the same authors [59] showed the need to culture

both the catheter tip and the introducer segment to ob-
tain an accurate diagnosis of PAC colonization when an
indwelling introducer is present. A further meta-analy-
sis [51] confirmed the superiority of quantitative tech-
niques for catheter segment culture. This method had a
higher pooled sensitivity and specificity (above 90%)
than semiquantitative or quantitative cultures.

In summary, the optimal way to diagnose CRI and
replace PAC is unknown. If temperature inexplicably
increases more than 48 h after catheter insertion and
there is evidence of local signs of infection with or
without positive blood culture, the catheter and intro-
ducer can be exchanged and treated according to the
results of the semiquantitative culture. However, be-
cause of the particularly high colonization rate of the
PAC and the introducers, it is recommended that Swan-
Ganz catheters be removed before the 5th day of place-
ment.

Infection of short-term catheters is mainly prevent-
ed by avoiding contamination of the catheter by the
skin flora at the catheter insertion site. As Rello [60] in-
dicated in a recent editorial, the best strategy for pro-
tecting against colonization from the hub or the skin
depends on the conservative affinities (skin hypothe-
sis) or otherwise (hub hypothesis) of the physician.
However, the pathogenesis of colonization is probably
different in each type of catheter and the results cannot
be extrapolated. The full barrier precautions during
central-venous catheter insertion significantly reduce
the risk of intravenous CRI and CRB [30, 33, 48]. These
precautions have been linked to a fourfold decrease in
the rate of CRB to PAC [48] and a more than sixfold de-
crease in the rate of sepsis related to central-venous
catheters [61]. Table 31.4 shows preventive strategies
for catheter-related infections. All these preventive
strategies should be evaluated at the time of selection.
They should never be considered as a substitute for the
traditional practice of adhering to an aseptic and care-
ful technique during insertion and maintenance of the
catheters [60].

Table 31.4. Preventive strategies for catheter-related infections

) Maximum sterile barriers
) Cutaneous antimicrobials and antiseptic
) Tunneling
) Ionic silver cuffs
) Infusion therapy team
) Intraluminal antibiotic locks
) Antiseptic hubs
) Antimicrobial coating of catheter
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31.3
Peripheral Arterial Catheter

The peripheral arterial catheter (AC) for measuring in-
tra-arterial pressure and monitoring arterial gases is
one of the most common devices in an ICU setting. The
maximal sterile barrier precautions are not normally
used during AC insertion, yet the majority of patients
in the ICU are monitored with ACs. The risk of coloni-
zation and infection of ACs might approach that for
central venous catheters (2.9 vs. 2.3 episodes/1,000
catheter-days [3]). However, few studies have evaluated
the true incidence and pathogenesis of colonization
and infection secondary to the placement of an AC. The
incidence of AC colonization and infection reported in
the literature varies depending on the catheter-tip cul-
ture technique used. The incidence of colonization is
reported to range from 0% to 36% and from 1.1 to 8.8
episodes/100 catheter-days (Table 31.5). Catheter-relat-
ed bloodstream infection (CRBSI) is uncommon and
its incidence ranges from 0 to 0.95 episodes/100 cathe-
ter-days [8, 66]. In the study by Pinilla et al. [8], ACs
showed a very low rate of catheter infection and were
not associated with bacteremia. This infection rate is
low possibly because: (a) most of the catheters were re-
moved within 4 days, (b) the vessel is deeply situated,
(c) the catheter shaft is short, (d) the catheter is secured
and inserted more easily (especially in a radial site), (e)
the staff are more familiar with the maintenance, or (f)
high-pressure conditions in the artery may be effective
in flushing out potential pathogens and a fast arterial
flow may help to prevent bacterial adherence [33].

The skin is probably the most common source of mi-
croorganisms that cause peripheral arterial blood-

Table 31.5. Summary of studies on peripheral arterial catheter. Adapted from [16]

Ref., year ICUa Designb Culturec No. cases Daysd Bactere-
mia (%)

Colonization
(%) (×100 d) (×1,000 d)

[6], 1979 G P Semi. 130 4.4 3.8 18.0 4.4 –
[20], 1982 – P Semi. 52 3.3 – 11.1 2.6 –
[8], 1983 Q P Semi. 172 3.0 0 4.0 1.2 –
[62], 1988 P P Qual./Semi. 70 2.9 0 0 0 –
[63], 1988 Q P Semi. 75 4.0 0 9.5 1.19 –
[64], 1989 G P Semi. 164 6.4 0 22.5 3.49 –
[65], 1991 C P Semi. 340 2.7 0 2.3 8.8 –
[66], 1993 O P Semi. 71 – 5.6 16.0 – –
[67], 1993 G P Semi. 71 10.6 7.0 36.0 3.4 –
[68], 2001 G P Semi. 132 13.3 0 9.3 – –
[69], 2003 G P Semi. 129e 8.8 1.5 17.8 – 20.2

143f 8.4 1.4 13.3 – 15.8
[73], 2004 G P Semi. 817 7.1 0.2 1.4 – –
[70], 2005 G P Semi. 212 8.2 7.7 – 9.3

a Intensive care unit: G polyvalent, Q surgical, P pediatric, C coronary, O oncologic
b Design: P prospective
c Culture: Semi. semiquantitative, Qual. qualitative
d Mean period of catheterization
e Includes patients with maximal sterile barrier precautions use
f Includes patients with standard-of-care

stream infection [62, 65]. Many clinical and microbio-
logic data indicate that most CRBSIs are caused by mi-
croorganisms that invade the intracutaneous area sur-
rounding the catheter. Several studies [62, 63, 65] have
shown a strong correlation between organisms present
on the skin surrounding the catheter wound and mi-
croorganisms recovered from a catheter that has been
linked to bacteremia.

The microorganisms responsible are usually coagu-
lase-negative staphylococci and Staphylococcus aureus
[49]. When rare microorganisms such as Candida pa-
rapsilosis, Serratia marcescens, Klebsiella oxytoca,
Pseudomonas cepacia, Acinetobacter baumannii or
Flavobacterium spp. are isolated, contamination of the
fluid should be considered, especially inside the trans-
ducer assembly [64]. The risk of developing blood-
stream infection from infusate contamination is re-
ported to be low and generally occurs in epidemics, es-
pecially during summer time [33, 64]. Using normal
saline solution in intra-arterial infusion, which does
not support the growth of most microbial pathogens,
probably provides protection against contamination in
hemodynamic monitoring [16]. Table 31.6 details the
CDC official recommendations [3] for the administra-
tion sets and parenteral fluid replacement. For in-
stance, Shinozaki et al. [71] reported no increase of
bacterial fluid contamination in relation to the dura-
tion of catheterization. Ducharme et al. [62] reported
that manipulating the system as little as possible prob-
ably reduces the risk of contamination of both the infu-
sate and insertion site significantly. Good aseptic tech-
nique with standard sterile barrier precautions during
insertion is therefore much more important than any
systematic change [69].
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Table 31.6. CDC recommendations for replacement of adminis-
tration sets and parenteral fluids. (Adapted from [3])

Administration sets Parenteral fluids

1. Replace administration
sets, including secondary
sets and add-on devices,
no more frequently than
at 72-h intervals

1. Complete the infusion of
lipid-containing solutions
within 24 h of hanging the
solution

2. Replace tubing used to
administered blood,
blood products, or lipid
emulsions within 24 h of
initiating the in fusion

2. Complete the infusion of
lipid emulsions alone with-
in 12 h of hanging the
emulsion. If volume consid-
erations require more time,
the infusion should be
completed within 24 h

3. Replace tubing used to
administer propofol in-
fusion every 6 or 12 h,
depending on its use

3. Complete infusion of blood
or other blood products
within 4 h of hanging the
blood

As with PAC, few studies have attempted to identify the
risk factors associated with AC colonization and blood-
stream infection. Several studies [6, 62, 64, 66] agreed
that systemic antimicrobial therapy does not protect
against arterial catheter-related infection. In fact, most
episodes of bloodstream infections in these studies oc-
curred in patients receiving antibiotics. In 1979 Band
and Maki [6] studied CRBSI from AC and determined
that three factors were associated with a significant in-
crease in both local and bloodstream catheter-related
infections: (1) insertion of the catheter by surgical cut-
down (ninefold increase in catheter-related bacter-
emia), (2) cannulation that exceeded 4 days, and (3) in-
flammation of the insertion site. The incidence of cath-
eter-related infection was 18%, while 70% of infections
occurred in catheters that had been used for more than
96 h. All CRBSIs in this study occurred in patients
whose catheter sites were used for over 96 h.

Most ICU policies recommend the radial artery as
first choice, but there are no guidelines that relate site se-
lection to the prevention of CRI. The femoral artery ac-
cess is frequently selected in patients with multiorgan
dysfunction or shock. Some advantages of this site are:
the catheters are easy to place, blood specimens can be
taken and the incidence of thromboembolism is low.
However, this site is frequently avoided because of the
increased possibility of bacterial contamination from
the perineal area [20, 72, 73]. Thomas et al. [72] conduct-
ed a study to evaluate the risk of infection related to radi-
al versus femoral sites for arterial catheterization. They
found that the incidence of local infection was similar
for both insertion sites. Frezza et al. [74] compared the
complications rate of AC in a medical ICU to those in a
surgical ICU. They found that the infection rate was sim-
ilar in both ICUs and between radial and femoral sites.

Several researchers have studied the duration of
cannulation. Some found that long period catheteriza-

tion increased the cumulative incidence of colonization
(%) but did not increase the incidence rate when the
days of catheterization were considered [20, 64, 72].
Band and Maki [6] reported that the duration of the ar-
terial catheterization was the major determinant for
the infection, but Thomas et al. [72] found no correla-
tion between the incidence of CRI and days of catheter-
ization. In the opinion of Ducharme et al. [62], the risk
of CRI in children is very low and does not demand sys-
temic replacement. Consequently, the efficacy of peri-
odically changing the arterial catheters as a measure of
prevention is still unconfirmed. In this way, no specific
recommendations were made regarding replacement of
peripheral arterial catheter in newer CDC guidelines
[3]. However, AC and the entire administration sets
must be changed if there is: (a) ischemia of the distal
extremity, (b) evidence of microembolization, (c) signs
of inflammation at the insertion site, (d) an unsafe lo-
cation, (e) unexplained fever, or (f) positive blood cul-
tures without an obvious source of infection [16, 41].

As with PAC, the semiquantitative culture technique
reported by Maki et al. [43] seems to be the best meth-
od for diagnosing AC colonization. Bloodstream infec-
tion is found almost exclusively among patients with
positive semiquantitative AC culture. Finally, we
should keep in mind that fever without other sources of
infection is the most frequent picture of presentation of
AC bloodstream infection.
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32Prevention of Catheter-Related Bloodstream
Infections in Critical Care Patients
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32.1
Introduction

Catheter-related bloodstream infections (CR-BSIs) are
one of the most frequent causes of sepsis in intensive
care units. They are associated with a high morbidity
and considerable mortality and economic burden [1,
2]. In ICUs the main type of catheters inserted and used
are short-term central vascular catheters (CVCs),
meaning those inserted percutaneously either periph-
erally (basilic or cephalic veins) or centrally (jugular,
subclavian or femoral). These catheters are usually in-
tended to stay “in situ” for less than 30 days. Incidence
of CR-BSI in ICUs ranges habitually from 2 to 10 epi-
sodes per 1,000 days on IV catheterization, depending
on type of population, type of catheter inserted, point
of entry of insertion and other variables [3–5]. In most
polyvalent ICUs figures of less than 5 episodes of CR-
BSI/1,000 days of catheterization are considered a good
standard of care [6].

The real impact of CR-BSIs in overall mortality in
the ICU is difficult to assess but attributable mortality
is usually less than 10%, considerably inferior to bac-
teremic sepsis of other origins [7, 8]. Nevertheless, CR-
BSIs prolong the ICU stay by between 5 and 8 days and
have an associated cost calculated as approximately
$30,000 in 1993 [9].

CR-BSIs are one of the infectious diseases more
amenable to preventive interventions with different
measures, which have been well summarized in the
guidelines issued by the international societies [2,
10–13]. In this review we will address some of these
preventive measures particularly applicable to adults
admitted to ICUs on which scientific information has
been produced in the last 5 years.

32.2
Value of Continuous Medical Education

Educational strategies targeting specific problems after
observing CVC care practices have been demonstrated
to be effective in decreasing the rates of CR-BSI and in
our opinion should always be included in infection

control schemes [4, 13–18]. Education-based pro-
grams are now recommended as a first-line strategy in
the recently revised guidelines for the prevention of
these infections [19].

Programs targeted specifically to medical intensive
care units highlighting correct practices have demon-
strated significant reductions in the incidence of CR-
BSI, but some of them were performed on populations
that had very high basal rates of CR-BSI [20, 21]. More
data are required on the efficacy of such programs for
units that begin the education process with a basal rate
of CR-BSI of under 5 episodes of CR-BSI/1,000 days of
catheter use.

In the work of Warren et al. [22], the intervention
program in an ICU consisted of a 10-page self-study
module on risk factors and practice modifications in-
volved in CR-BSI; fact sheets and posters reinforced the
information in the study module. Following the imple-
mentation of the intervention, the rate of CR-BSI
decreased from 9.4 to 5.5 per 1,000 catheter-days
(p=0.019), with estimated cost savings of between
$103,600 and $1,573,000.

32.3
Measures To Take Before or During Catheter
Insertion

It is possible to intervene using different targets and
steps.

32.3.1
Multi-Lumen or Single-Lumen Catheters

The influence of the number of catheter lumens in the
risk of infection has received much discussion since the
introduction of multi-lumen central venous catheters
more than 2 decades ago. A recent meta-analysis has
compared the risk of CR-BSI and catheter colonization
in multi-lumen, short-term catheters, compared to sin-
gle-lumen catheters. The study selected a total of 15
studies for review and concluded that although CR-BSI
was more common in multi-lumen catheters, catheter
colonization was not so, but the studies were heteroge-
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neous. When only studies of higher quality were in-
cluded, multi-lumen catheters were found to be associ-
ated with a slight increase in CR-BSI. The authors con-
cluded that the slight increase in infectious risk when
using multi-lumen catheters is likely offset by their im-
proved convenience, thereby justifying the continued
use of multi-lumen vascular catheters when required
[23]. We fully agree with this statement.

In another systematic review, including five ran-
domized trials with data on 255 single-lumen and 275
multi-lumen catheters, CR-BSI occurred in 23 patients
(8.4%) with multi-lumen and in 8 patients (3.1%) with
single-lumen catheters (OR 2.58, 95% CI 1.24–5.37,
NNT 19, 95% CI 11–75). For every 20 single-lumen
catheters inserted, one bloodstream infection will be
avoided that would have occurred had multi-lumen
catheters been used [24].

32.3.2
Antimicrobial-Coated Catheters

The issue of antibiotic impregnated catheters continues
to be debated. Despite data showing a reduction of
catheter colonization and even slight reductions in CR-
BSI, the significant cost difference with uncoated cathe-
ters, the potential toxicity of the coating substances and
the risk of selection of antimicrobial resistant microor-
ganisms precludes their introduction as a standard of
care.

Several papers show that the use of catheters im-
pregnated with antiseptic or antibiotic agents decrease
the risk for catheter colonization and CR-BSIs in com-
parison with non-impregnated catheters [2, 25–36, 30,
38–47]. Coating substances include a combination of
chlorhexidine and silver sulfadiazine (C-SS) [27, 28, 30,
31, 37] or minocycline and rifampin (R-M) [26, 32, 34,
38–42]. Catheters coated with C-SS have been shown to
decrease colonization and CR-BSI by at least fourfold
compared with uncoated catheters [26, 29] in short
term CVCs, but failed to reduce the risk for CR-BSI in
long-term catheters [31].

A new generation of chlorhexidine-silver sulfadia-
zine coated catheters with a higher concentration of an-
tiseptics and better bonding to both the internal and
external surface of the catheter has been associated
with a reduction of colonization but not with a clear re-
duction of CR-BSI [35, 43, 44]. In a study comparing
standard, un-impregnated central venous catheters
with silver-coated and chlorhexidine-silver-sulfadia-
zine impregnated CVCs, antiseptic-impregnated CVCs
could not prevent catheter colonization when com-
pared with standard polyurethane catheters in a critical
care setting with infrequent catheter colonization rates
and CVCs left in place for >10 days [45].

In hematology-oncology patients, a prospective
double-blind, randomized, controlled trial showed that

second generation chlorhexidine and silver sulfadia-
zine (CHSS) catheters were effective in reducing the
rate of catheter colonization (12% coated vs. 33% un-
coated) but there was no significant difference in the
incidence of CR-BSI (3% coated vs. 7% uncoated) [44].

Catheters coated with M-R have been associated
with a lower rate of infection than uncoated catheters in
patients with long-term catheters [40, 41], but a multi-
center randomized trial carried out in Spain by Leon et
al. in ICU patients showed no reduction in CR-BSI and
an increase in Candida spp. colonization with no
change in 30-day survival or reduced length of hospital
stay [34].

A prospective and randomized study compared the
infection rate of silver-platinum-carbon (SPC)-impreg-
nated catheters with rifampin-minocycline (RM)-coat-
ed catheters in a single center in Australia. Coloniza-
tion rates were lower for the RM catheters but no signif-
icant differences could be achieved in CR-BSI [38]. The
same results were obtained in former studies [46, 47].

In our opinion, antimicrobial coated catheters still
have to demonstrate a real cost-benefit to be incorpo-
rated as a standard of care in intensive care units. Issues
like the potential selection of antimicrobial resistant
pathogens also have to be clarified.

32.3.3
Selection of Insertion Point

The potential relationship between the location of CVC
placement and the risk of infection is still controversial.
Available evidence suggests that subclavian catheteri-
zation is less likely to result in catheter-related infection
than internal jugular catheterization, and both have a
lower risk than the femoral insertion [5, 48–57].

In a recent epidemiologic, prospective, observation-
al study, the site of insertion in an intensive care unit
population (subclavian, internal jugular, and femoral
sites) was studied. The optimal insertion site for each
individual patient was selected by intensive care physi-
cians and a uniform protocol stressing strict sterile in-
sertion was enforced. A total of 831 central venous
catheters and 4,735 catheter days in 657 patients were
studied. The incidence of catheter infection (4.01/
1,000 catheter days, 2.29% catheters) and colonization
(5.07/1,000 catheter days, 2.89% catheters) was low
overall. There was no statistically significant difference
in the incidence of infection and colonization or dura-
tion of catheters (p=0.89) [58]. Despite these encour-
aging results, femoral access should remain as an alter-
native but not a first choice for catheter placement in
adult intensive care units [59].

Regarding the technique of tunneling, the current
evidence does not support the routine use of tunneling
in CVCs in patients in ICUs because there is no evi-
dence of an associated reduction of CR-BSI [60–62].
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Randolph et al. [62] in a meta-analysis evaluated the
efficacy of tunneling short-term central venous cathe-
ters to prevent catheter-related infections. They includ-
ed seven trials in the analysis and the conclusion was
that current evidence does not support routine tunnel-
ing until its efficacy is evaluated at different placement
sites and relative to other interventions.

32.3.4
Skin Preparation and Aseptic Insertion Technique

Povidone iodine 10% and alcohol 70% are effective for
the skin preparation, but aqueous chlorhexidine 2% has
been shown to be superior in preventing central venous
catheter colonization and is the recommended practice
nowadays. In a recent meta-analysis [63], evaluating the
skin disinfection with chlorhexidine gluconate com-
pared with povidone-iodine solution in preventing CR-
BSI, the authors selected 8 studies involving a total of
4,143 catheters and concluded that the incidence of CR-
BSI is significantly reduced in patients with central vas-
cular lines who receive chlorhexidine gluconate versus
povidone-iodine for insertion-site skin disinfection.

A more recent study compares povidone-iodine
10% (PVP-iodine), chlorhexidine 0.5%/propanol 70%,
or chlorhexidine 0.5%/propanol 70% followed by PVP-
iodine 10%. Bacteria were isolated from 30.8% of the
catheters placed after skin disinfection with povidone-
iodine, from 24.4% after disinfection with propanol/
chlorhexidine and from 4.7% after disinfection with
propanol/chlorhexidine followed by povidone-iodine
(p=0.006) [64].

Use of maximum sterile barriers lowered costs
(from $621 to $369 per catheter insertion), decreased
the incidence of catheter-related bloodstream infec-
tions (from 5.3% to 2.8%) and improved patient safety
in a prospective and comparative trial [65].

Skin preparation should include hair-cutting rather
than shaving [66] and maximal sterile barrier precau-
tions during insertion. Using fenestrated drapes, sterile
gloves, gown, cap, mask, and a large drape can mini-
mize catheter colonization and subsequent catheter re-
lated infection [15, 67, 68]. The use of full sterile barri-
ers, however, has not been demonstrated to reduce the
risk of infection for arterial catheters, but is a standard
of care for central venous catheters [69].

32.3.5
Antimicrobial Prophylaxis at Insertion

Antibiotic prophylaxis at the time of catheter insertion
is not recommended at the present time [70]. In routine
cardiothoracic surgery patients, extending routine pe-
rioperative antibiotic prophylaxis until all IVCs have
been removed does not influence rates of IVC coloniza-
tion [71]. There is no evidence from randomized trials

to support or refute the use of prophylactic antibiotics
when umbilical artery catheters are inserted in new-
born infants, or to support or refute continuing antibi-
otics once initial cultures rule out infection in newborn
infants with umbilical artery catheters [72].

Cutdowns to insert either venous or arterial cathe-
ters are not recommended [2, 73].

32.4
Prevention of Infection After Catheter Insertion
32.4.1
Surveillance Cultures of the Skin and Hubs as a Way
to Anticipate “At Risk” Populations for CR-BSI

In a prospective cohort study, carried out in an 11-bed
heart surgery intensive care unit, all catheters were sur-
veyed. Cultures were obtained from the skin insertion
site and all hubs (surface cultures) every 72 h and on
catheter removal. All samples were processed semi-
quantitatively. Over the study period, 561 catheters
were inserted in 130 patients, and there were 15 epi-
sodes of CR-BSI. Validity indexes for the capacity of
surface cultures to predict catheter colonization and
CR-BSI were as follows: accuracy, 71.4, 65.6; sensitivity,
83.5%, 100%; specificity, 67.1%, 64.7%; positive pre-
dictive value, 47.6%, 7.2%; negative predictive value,
91.9%, 100%; positive likelihood ratio, 2.5, 2.83; and
negative likelihood ratio, 0.2, 0, respectively. The pro-
cess is time-consuming and expensive and is recom-
mended only for the selection of a subpopulation prone
to preventive interventions [74]. Otherwise, systematic
surveillance cultures of catheters are not recommended
at the present time [75–77].

32.4.2
Periodic Flush and Lock with Antimicrobial Agents

The antibiotic lock technique is a controversial method
for sterilizing the catheter lumen and involves instilling
high concentrations of antibiotics with or without hep-
arin into the catheter lumen for extended periods of
time. The lock technique with high concentration of
antibiotics has been mainly used for the treatment of
CR-BSI [78] but less frequently in the prevention of CR-
BSI [79–81].

The lock technique has been successful in numerous
small uncontrolled studies, suggesting that an antibiot-
ic lock may be effective in salvaging infected central ve-
nous access devices. Currently, the Centers for Disease
Control and Prevention Guidelines on the management
of central venous access device infections support the
use of this technique only for patients requiring long-
term access who repeatedly experience catheter-related
bloodstream infections despite stringent catheter care,
but not for primary prophylaxis [82, 83].
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In vitro studies demonstrate that many antibiotic
combinations are stable and maintain high drug con-
centrations for prolonged periods of time. In vivo stud-
ies report the success of multiple combinations for both
prevention and treatment with antibiotic lock tech-
nique in salvaging these catheters [79].

Prophylactic use of a vancomycin-heparin lock solu-
tion markedly reduced the incidence of CRBSI in high-
risk neonates with long-term central catheters and did
not promote vancomycin resistance, but was associated
with asymptomatic hypoglycemia [84].

In patients receiving hemodialysis, locking prophy-
laxis with the use of gentamicin and heparin (5 mg/ml)
was compared with standard heparin (5,000 IU/ml)
alone. The gentamicin-locked group suffered only one
infective episode (0.3/1,000 catheter days) compared to
ten episodes in six patients in the heparin alone group
(4/1,000 catheter days, p=0.02) [85].

Prophylactic monthly catheter flushes with 5,000 IU
urokinase did not significantly decrease the number of
documented bacteremic events in children with cancer
who have CVCs [86].

32.4.3
Alcohol, Taurolidine and Other Non-Antibiotic Flushes

The ethanol-lock technique has been developed in re-
cent years as a means to treat central venous line infec-
tions. In a study carried out by Dannenberg et al. [87]
in children and adolescents with CR-BSI from Broviac
catheters, 18 patients were treated with ethanol locks
and the remaining 15 only with systemic antibiotic
treatment. In the ethanol group 67% had no infectious
relapse within 4 weeks of treatment compared with
47% treated with systemic antibiotics alone. No severe
clinical side effects of ethanol flush were observed. Ex-
posure to a 70% ethanol lock solution does not appre-
ciably alter the integrity of selected commercial poly-
etherurethane and silicone catheters [88]. A good pro-
spective and comparative study on the value of ethanol
flushes in the prophylaxis of CR-BSI is badly lacking.

Taurolidine is an antiseptic substance developed
more than 30 years ago, active in vitro against Gram
positive and Gram negative bacteria and also with anti-
fungal activity. It is available as a 2% solution that can
be administered intraperitoneally and also intrave-
nously. Taurolidine is metabolized to taurine, CO2 and
water. In a pilot study, taurolidine solution was used as
an intravenous (i.v.) lock in the totally implantable in-
travascular devices of 11 consecutive oncological pa-
tients with CR-BSI not responding to systemic antimi-
crobial chemotherapy. All patients recovered complete-
ly from the infection and no adverse drug effects were
seen [89].

A solution containing both taurolidine and citrate
(Neutrolin; Biolink Corporation, Norwell, MA) has

been shown to be very active in an “in vitro” model on
biofilm containing bacteria and Candida [90].

In a group of patients on hemodialysis, catheters
were randomly selected for lock prevention with either
heparin or a citrate-taurolidine-containing solution. In
the heparin group, four cases of catheter-related sepsis
occurred as opposed to no sepsis episodes in the pa-
tients with catheters locked with the citrate-taurolidi-
ne-containing solution (p<0.5), and no side effects
with the use of citrate-taurolidine catheter lock solu-
tion were noted [91].

Taurolidine can also be used as a daily flush solution
in the reduction of CR-BSI in patients on home TPN
[92], but the final role of taurolidine requires the reali-
zation of well designed prospective and comparative
clinical trials.

32.4.4
Topical Antimicrobial Agents at the Portal of Entry

Topical polysporin (a triple antibiotic ointment) ap-
plied to the central venous catheter insertion site could
reduce the incidence of catheter-related infections in
patients receiving hemodialysis. In a randomized, dou-
ble-blind study, infections were observed in more pa-
tients in the placebo group than in the polysporin
group (34 vs. 12%; relative risk 0.35, 95% CI 0.18–0.68,
p=0.0013). The number of infections per 1,000 cathe-
ter days (4.10 vs. 1.02, p<0.0001) and the number of
bacteremias per 1,000 catheter days (2.48 vs. 0.63,
p=0.0004) were also greater in the placebo group.
Within the 6-month study period, there were 13 deaths
in the placebo group as compared with 3 deaths in the
polysporin triple group (p=0.0041). The prophylactic
application of topical polysporin triple antibiotic oint-
ment to the central venous catheter insertion site re-
duced the rate of infections and was associated with
improved survival in hemodialysis patients [93].

Regarding the use of povidone solutions at the exit
site of the catheter, povidone-iodine applied at the in-
sertion site reduces the incidence of catheter-related in-
fections when compared with no ointment in hemodi-
alysis catheters. The alcoholic solution of iodine was
better than the aqueous one in patients in adult inten-
sive care units [94].

In a prospective and randomized trial, 119 patients
scheduled electively to receive 140 CVCs were divided
into 3 groups for different skin disinfection techniques:
One group received povidone-iodine 10% (PVP-io-
dine); the second received chlorhexidine 0.5%/propa-
nol 70%. A final group received chlorhexidine 0.5%/
propanol 70% followed by PVP-iodine 10%. Prior to
disinfection, a swab from the site of insertion was taken
for culture. All catheters were cultured quantitatively
after removal. Bacterial growth was found in 30.8% of
the catheters placed after skin disinfection with povi-

336 32 Prevention of Catheter-Related Bloodstream Infections in Critical Care Patients



done-iodine, in 24.4% after disinfection with propa-
nol/chlorhexidine and in 4.7% after disinfection with
propanol/chlorhexidine followed by povidone-iodine
(p=0.006). The authors conclude that skin disinfection
with propanol/chlorhexidine followed by PVP-iodine
was superior in the prevention of microbial CVC colo-
nization compared to either of the regimens alone [64].

In patients receiving hemodialysis, mupirocin ap-
plied thrice-weekly at the exit site is superior to no oint-
ment on infection rates and catheter survival. Com-
pared with controls, mupirocin-treated patients expe-
rienced significantly fewer catheter-related bacter-
emias (7 vs. 35%, p<0.01) and a longer time to first epi-
sode of bacteremia. Mupirocin use was not associated
with any adverse patient effects or the induction of an-
timicrobial resistance [95].
In another study, mupirocin was compared with the
topical application of a standardized antibacterial
honey (Medihoney) in a randomized trial. A total of
101 patients undergoing hemodialysis were enrolled.
The incidences of catheter-associated bacteremias in
honey-treated (n=51) and mupirocin-treated (n=50)
patients were comparable (0.97 vs. 0.85 episodes per
1,000 catheter days, respectively; NS). Thrice-weekly
application of standardized antibacterial honey to he-
modialysis catheter exit sites was safe, cheap, and ef-
fective and resulted in a comparable rate of catheter-
associated infection to that obtained with mupirocin.
The effectiveness of honey against antibiotic-resistant
microorganisms and its low likelihood of selecting for
further resistant strains suggests that this agent may
represent a satisfactory alternative means of chemo-
prophylaxis in patients with central venous catheters
[96].

Disinfection with a skin antiseptic that contains oc-
tenidine hydrochloride is also highly active and well
tolerated, leads to a decrease in skin colonization over
time and may be a new option for CVC care [97].

Application of chlorhexidine at the portal of entry is
nowadays the recommended practice in the most re-
cent guidelines and recommendations and is cost effec-
tive [63, 98–102]. A chlorhexidine gluconate-impreg-
nated dressing (Biopatch) reduces the rate of CVCs in
infants and children after cardiac surgery when com-
pared with a standard polyurethane dressing (study
group) but not the rate of CR-BSI [103].

In a prospective randomized clinical trial in a hema-
tology unit, tunneled intravascular catheters were ran-
domized to receive a standard dressing regimen, or a
sustained-release chlorhexidine dressing. Of the 112
catheters which were randomized, exit-site or com-
bined exit-site/tunnel infections occurred in 23 (43%)
of 54 catheters in the control group, and five (9%) of 58
catheters in the intervention group (CI 0.04–0.37,
p<0.001). Chlorhexidine dressings reduced the inci-
dence of exit-site/tunnel infections of indwelling tun-

neled intravascular catheters without prolonging cath-
eter survival in neutropenic patients [104].

32.4.5
Needleless Devices To Protect and Seal Hubs

Catheter hubs are a common source of contamination,
especially during prolonged catheterization. A new hub
model (Segur-Lock) that incorporates an antiseptic
chamber filled with 3% iodinated alcohol has been
compared with standard Luer-lock connectors. Rates of
catheter colonization and CR-BSI are lower with the
new hub model [105–107]; however, this new system is
not needle-free.

New disinfectable, needle-free connectors have been
compared with conventional open systems. These sys-
tems decrease catheter colonization and CR-BSI in pro-
spective and comparative trials [108, 109].
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33Meningococcemia
P. Domingo, N. Barquet

“No microbe can kill more quickly”
Harry A. Feldman, 1979

33.1
Definition

Meningococcemia literally means the presence and iso-
lation of Neisseria meningitidis in the blood of a pa-
tient. Although it is an invariable phenomenon in the
pathogenesis of meningococcal disease, it may in itself
dominate the clinical picture. The clinical spectrum of
meningococcemia ranges from a clinically inapparent,
mostly oligo-symptomatic bacteremia as in benign or
inapparent meningococcemia to overwhelming cases
with early multiple-organ failure as in fulminant me-
ningococcemia [1].

There are few diseases which cause as much social
alarm, even among healthcare staff, as that triggered by
meningococcal disease when a case is detected in the
community. The reasons for this alarm are: (1) its high
death rate (6–13% and rising to 44–70% in fulminant
meningococcemia); (2) the speed with which it can kill.
A case has been described with a start of symptoms-
death interval of just 3 h 20 min in a previously healthy
child; (3) the seriousness of the sequelae among survi-
vors (e.g., amputations in meningococcemia); (4) the
impossibility of reducing the death rate in fulminant
meningococcemia despite the early establishment of
antibiotic therapy, life support measures for patients in
critical condition and aggressive treatments; (5) the
impossibility of predicting the appearance of epidemic
outbreaks; (6) the high risk of contagion among family
members (300 times more risk than the general popu-
lation); and (7) the lack of an effective vaccine against
N. meningitidis serogroup B.

33.2
The Meningococcus

Neisseria meningitidis is a Gram-negative diplococcus
which typically appears with the adjacent sites flat-
tened to produce a biscuit shape. It is an exclusively hu-
man pathogen. This bacterium is considered fastidious
in its growth conditions, and tends to readily undergo
autolysis. Optimal growth conditions include moist en-
vironment at 35–37°C with an atmosphere of 5–10%

carbon dioxide. The organism grows well on a number
of medium bases including blood agar base, trypticase
soy agar, supplemented chocolate agar, and Mueller-
Hinton agar. N. meningitidis is identified by acid pro-
duction tests or by chromogenic enzyme substrate tests
[2].

An outer membrane composed of lipids, lipo-oligo-
saccharides and outer membrane proteins surrounds
the meningococcus. Between the outer membrane and
the cytoplasmic membrane lies a peptidoglycan cell
wall. A polysaccharide capsule produced by the bacte-
ria and attached to this outer membrane envelops path-
ogenic meningococci. At least 13 meningococcal sero-
groups have been defined according to the immunolog-
ic reactivity of their capsular polysaccharide antigens:
A, B, C, D, H, I, K, L, X, Y, Z, Z’ (29E), and W-135; me-
ningococcal disease usually being caused by serogro-
ups A, B, C, L, X, Y, and W-135 [1]. Based on the class 2/
3 or 1 outer membrane proteins, at least 20 meningo-
coccal serotypes and 10 serosubtypes have been identi-
fied [3]. Endemic meningococcal disease is caused by a
broad number of serotypes in contrast with epidemic
disease that is caused by a single serotype [4]. There are
other classification systems, based on differential anti-
genic properties of lipo-oligosaccharide with at least 13
immunotypes [5–8]. It is possible to use the antigenic
properties of immunoglobulin A1 proteases and pili for
additional typing [9].

Serogrouping and serotyping are used to character-
ize the N. meningitidis strains and are very important
in the development of vaccines, but cannot be used to
determine the origin of epidemic and resistant clones
[10]. Multilocus enzyme electrophoresis, pulsed-fields
gel electrophoresis, DNA fingerprinting and protein
chain reaction provide a better insight into the epide-
miology and clonal expansion of N. meningitidis
strains [11–14].

Neisseria meningitidis has the capacity to exchange
the genetic material responsible for capsule production
and thereby switch from serogroup B to C or vice versa
[15, 16]. A similar event with W-135 isolates has been
described [17]. This process occurs on exchanging at
random the gene encoding for the capsular polysaccha-
ride in such a way that the new recombinant strain will
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express a different capsular polysaccharide to the one
that it expressed before. Thus, all the serogroups
should be capable of changing to any other. Capsule-
switching may become an important mechanism of vir-
ulence with the widespread use of vaccines that provide
serogroup-specific protection [18]. The existence of a
capsule-switching genetic mechanism and the lack of
vaccine against N. meningitidis serogroup B have led to
the identification of a new noncapsular candidate for
vaccine.

33.3
Epidemiology

Meningococcemia obviously shares epidemiological
characteristics with other forms of meningococcal dis-
ease, especially meningococcal meningitis. It may oc-
cur worldwide as sporadic, endemic or epidemic dis-
ease [19]. There are marked differences in the epidemi-
ology of meningococcal disease in different countries
and geographic locations.

In developed countries, such as the United States
and western Europe, meningococcal disease usually
causes sporadic or endemic disease with a peak in late
winter and early spring. The annual incidence rates
range from 1 to 3 cases per 100,000 inhabitants and are
caused by strains of serogroups B and C [20, 21].

In developing countries, such as sub-Saharan Africa,
meningococcal disease causes endemic or epidemic
disease. During the endemic period the annual inci-
dence rate is approximately 10 times higher (10–25/
100,000/year) than developed countries. Meningococ-
cal disease is caused by serogroup A and occurs in sea-
sonal annual cycles, with the attack rate rising at the
end of the dry season and declining after the beginning
of the rainy season [22]. For more than one century se-
rogroup A and C strains have been responsible for re-
current epidemics in sub-Saharan Africa, which ex-
tends from Ethiopia in the East, to Senegal in the West,
mainly within the range of 300 mm to 1,000 mm annual
rainfall [23]. The large-scale epidemics occur at wider
intervals with irregular patterns every 5–12 years and
last for two to three dry seasons, dying out during the
intervening rainy seasons [24]. During epidemics, the
incidence is as high as 400–800 per 100,000 inhabitants
(even 1,000/100,000). In 1996, in the largest epidemic
ever recorded, there were more than 200,000 cases and
20,000 deaths [25].

The differences in incidence rates between devel-
oped and developing countries reflect the different
pathogenic properties of N. meningitidis strains and
socioeconomic, environmental, and climatological dif-
ferences [26].

Epidemics of meningococcal disease can be caused
by clonal N. meningitidis strains migrating across con-

tinents [27]. The clonal serogroup A meningococcus
originated in China and spread to Nepal and India be-
tween 1983 and 1987 [10, 28], reaching Saudi Arabia in
1987, and causing an epidemic among pilgrims during
the Hajj in Mecca. The organism was then transported
with the Hajjis, leading to epidemics in 1988 in central
Africa and in later years in eastern Africa [29]. The epi-
demic spread to South Africa in 1996 [30]. The transfer
of strains of the same clonal complex by Hajjis to the
United States and Europe did not give rise to epidemics
there [31]. It is not known why potential pathogenic
strains cause major epidemics in some areas while oth-
ers are not affected [22]. The occurrence of meningo-
coccal disease would not appear to be determined sole-
ly by the introduction of a new virulent N. meningitidis
strain but also by other factors that enhance transmis-
sion and by the susceptibility of the local population
[32].

In Spain, there have been four epidemic waves of
meningococcal disease in the last 35 years with interep-
idemic periods of variable duration (Fig. 33.1). The
first three epidemic waves (1979, 1981 and 1983) were
caused by strains of N. meningitidis serogroup B while
the last one (1996–1997) was provoked by a serogroup
C strain.

Since 1988, incidence of meningococcal disease in
Spain caused by serogroup B meningococci has de-
clined, and incidence due to serogroup C meningococci
has increased. This change of pattern led to the carry-
ing out of a mass vaccination campaign against sero-
group C with polysaccharide A+C vaccine in Spain dur-
ing 1996–97. The campaign succeeded in reducing the
rate of incidence of serogroup C meningococcal disease
in 1998 and 1999. However, there was an upturn in this
incidence in the year 2000 attributable to the ineffec-
tiveness of the polysaccharide vaccine to protect chil-
dren under the age of 2.

Fig. 33.1. Meningococcal disease in Spain (1971–2005): annual
notified incidence rates (cases reported to the Public Health
Service)
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Serogroup C meningococcal polysaccharide-protein
conjugate vaccines were introduced into the Spanish
pediatric vaccine calendar in the autumn of 2000, im-
mediately after their commercialization, and this has
led to a spectacular decrease in the incidence of sero-
group C meningococcal disease in those vaccinated.
The greatest reduction among those vaccinated was ob-
served in children under 1 year old, an age group in
which the incidence has gone from 12.6/100,000 in the
first 20 weeks of the season 1999–2000, before the in-
troduction of serogroup C meningococcal polysaccha-
ride-protein conjugate vaccines, to 1.4/100,000 during
the same period of the season 2001–2002. In non-vac-
cinated groups, the incidence rate for serogroup C re-
mains high.

In Spain, the annual notified incidence rates of me-
ningococcal disease over recent years have been around
2–3 cases per 100,000 inhabitants (Fig. 33.1), with an
annual average of 800–1,000 cases. The case-fatality
rate is still stagnant, at around 10%. The incidence
rates and case-fatality rates in other western European
countries were similar in recent years, with a trend to
increase in the late 1990s [33].

With the aim of knowing the population groups at
greatest risk of acquiring meningococcal disease,
among other objectives, and consequently the main
candidates for preventive interventions, an epidemio-
logical study was carried out in Barcelona with detec-
tion of cases using two active epidemiologic surveil-
lance systems for 6 years (1987–1992) [34]. The inten-
tion was to detect all the cases of meningococcal dis-
ease diagnosed in people resident in this big city and on
knowing the population census to be able to calculate
the average annual incidence rate by age group. This
would provide highly reliable incidence data not influ-
enced by the population pyramid. The estimated inci-
dence using passive epidemiological surveillance sys-
tems is not reliable as it is not known whether or not
there is under-notification.

No meningococcal vaccination campaign was car-
ried out during the 6 years of the study, which helped it
to reflect the epidemiology of meningococcal disease in
the most natural conditions possible. Epidemiological
studies on meningococcal disease had never been car-
ried out previously in a large urban community, such as
a big city like Barcelona, using active epidemiologic
surveillance systems for a long period of time.

In the study mentioned, patient detection was car-
ried out using two active epidemiologic surveillance
systems. The main case detection system consisted of a
member of the Barcelona Meningococcal Disease Sur-
veillance Group (an ad hoc group created and made up
of 107 doctors from the 24 acute care hospitals in the
metropolitan area of Barcelona) that reviewed, on a
daily basis, the diagnostic orientations written in the
blood culture or cerebrospinal fluid (CSF) culture re-

quest sheets that had been sent to the microbiology lab-
oratories serving all the acute care hospitals (n=24) in
the area of the city of Barcelona, together with the per-
tinent sample, to search for a presumptive diagnosis
consistent with meningococcal disease. Patients with
diagnostic orientations suggesting meningococcal dis-
ease were monitored and an epidemiological survey
was carried out. The main system also included the
monitoring of the cultures and the rapid notification
when a strain of N. meningitidis was isolated and iden-
tified.

The complementary case detection system involved
reviewing, on a daily basis, the diagnoses on admission
and discharge of all the patients attended on at the 24
acute care hospitals in the area of the city of Barcelona.
When a diagnosis consistent with meningococcal dis-
ease was detected, for example meningitis of unknown
cause, the patient was evaluated by a member of the
Barcelona Meningococcal Disease Surveillance Group.
The complementary system was established to assess
the reliability of the main system [34].

The study revealed that, in Barcelona during the
period 1987–1992, of every three cases of meningo-
coccal disease diagnosed, one was not notified to the
health authorities (under-notification of 30%), de-
spite being a notifiable disease [34]. It also demon-
strated that meningococcal disease has the highest in-
cidence rate in children under 10 years old, especially
among those aged 1 year or less in whom the inci-
dence rate approaches 100 cases per 100,000 inhabi-
tants per annum (Fig. 33.2). This is true for meningo-
coccemia as well as for other clinical forms of menin-
gococcal disease. The risk of contracting meningo-
coccal disease is inversely related to age. After child-
hood, the incidence rate shows a sharp decline with a
second incidence peak during adolescence (age group
15–19 years) and a slight upturn in old persons (age
group 70 years) (Fig. 33.2) [34]. Meningococcal dis-
ease is more frequently seen in patients living in the
inner city, where other risk factors for infectious dis-
eases, such as overcrowded homes, poor nutrition
and hygiene, low levels of education and low family
income, are also prevalent [35].

Several risk factors, which we have grouped in Ta-
ble 33.1, have classically been identified for the acquisi-
tion of meningococcal disease, the most serious being
exposure to a pathogenic strain of N. meningitidis con-
tained in nasopharyngeal secretions of a healthy carri-
er or patient. Most meningococcal cases acquire the in-
vading strain from a healthy carrier, and secondary
cases, i.e., those who acquire the bacterium from an-
other case, constitute no more than 5% of the total
number of cases [34]. Unexpectedly, as Osler pointed
out as early as 1915, physicians, nurses and other
healthcare workers rarely acquire N. meningitidis from
a patient [36].
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Fig. 33.2. Meningococcal
disease in Barcelona (1987–
1992): average annual inci-
dence rate by age group
(cases detected by active
epidemiologic surveillance
systems). (From ref. [34])

Table 33.1. Principal factors predisposing to the acquisition of
meningococcal disease

Host dependent factors
) Absence of bactericidal antibodies against antigens of

the invasive strain
) Age (maximum incidence between 6 months and 5 years)
) Congenital or acquired deficits of complement factors

(C2, C3, inactivator of C3b, C5, C6, C7, C8, C9)
) Properdin deficiency
) Immunoglobulin deficiency
) Anatomic or functional asplenia
) FcRIIA polymorphism

Neisseria meningitidis dependent factors
) Presence of capsule
) Certain serogroups and serotypes
) Production and release of endotoxin
) Ability to capture and use iron
) Production of hyaluronidase
) Production of specific IgA1 proteases

Environment dependent factors
) Exposure to a pathogenic strain of Neisseria meningiti-

dis contained in nasopharyngeal secretions of a healthy
carrier or patient with meningococcal disease

) Crowding (household, day-care centers, schools, univer-
sities, barracks, army, closed communities)

) Climatic factors (winter and spring, windy weather in
sub-Saharan Africa)

) Recent viral respiratory illness, especially influenza
) Active or passive smoking
) Poor socioeconomic status
) Travel to areas with a high incidence of meningococcal

disease

Other risk factors for acquiring meningococcal dis-
ease include the immune status of the patient, preced-
ing or concomitant Mycoplasma pneumoniae or viral
respiratory tract infections, climatological and social
conditions and bacterial properties. The formation of

protective antibodies against homologous strains was
induced by nasopharyngeal carriage of N. meningitidis,
but, on some occasions, this also produced cross-react-
ing antibodies to heterologous strains of pathogenic
meningococci [37]. Approximately 10% of the popula-
tion harbors meningococci in the nasopharynx during
endemic periods. Nine out of ten strains isolated from
carriers are, however, nonpathogenic Neisseria lacta-
mica or nonpathogenic N. meningitidis, as they are not
associated with the clones isolated from patients with
meningococcal disease [38].

The carriage rate of meningococci in children youn-
ger than 4 years was below 3%. This rate increases with
age to a maximum of 24–37% at 15–24 years, and de-
creases to below 10% in older age groups [38–41]. The
carriage rate is higher in lower socioeconomic classes,
probably because of crowding, and under conditions
where people from different regions are brought to-
gether, for example military recruits, prisoners, board-
ing-school students, or pilgrims [37, 42–44]. Virulent
clones have a higher transmission rate, with invasive
disease often occurring within the first week after ac-
quisition [45, 46], whereas some people may carry
pathogenic meningococci for many months or years
without falling ill [47, 48]. A randomly sampled popu-
lation study performed in an endemic period suggests
that acquisition of the pathogenic N. meningitidis
strains induced illness in only 1% of persons harboring
these strains [40].

Vaccination with serogroup C meningococcal poly-
saccharide-protein conjugate vaccines may reduce na-
sopharyngeal carriage [49] and could alter the pattern
of disease in the unvaccinated [50].

Certain strains of enteric bacteria, such as Escheri-
chia coli 07:K1(L):NM and Bacillus pumilus, produce
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capsular polysaccharides that are immunologically
identical to the capsular polysaccharides of N. meningi-
tidis serogroups A, B, and C, and contribute to the de-
fense against meningococci by the induction of cross-
reacting antibodies. This is another potential source of
immunization against meningococcal disease [51, 52].

It was suggested that the polymorphism in the neu-
trophilic receptor for the Fc portion of the immuno-
globulins IgG (Fc * RIIA) may play a role in the develop-
ment of meningococcal disease, since neutrophils from
patients with low affinity allotypes are less efficient in
removing meningococci from the bloodstream [53, 54].
Patients with deficits of the terminal factors of the com-
plement are also colonized more frequently with viru-
lent meningococcal strains that, as serum meningococ-
cidal capacity is diminished, may more frequently
cause invasive disease [55].

Fig. 33.3. Algorithm of patho-
genesis and pathophysiology
of meningococcemia

33.4
Pathogenesis and Pathophysiology

The development of full-blown meningococcal disease
necessarily involves three steps, although sometimes
only two are necessary to cause clinically apparent dis-
ease (Fig. 33.3). First, N. meningitidis must colonize the
nasopharyngeal mucosa of the patient and must also
survive and eventually multiply there. Second, the me-
ningococcus must be able to pass through that mucosa
and reach the bloodstream and successfully evade the
host defense mechanisms, basically complement-me-
diated lysis and phagocytosis of immunoglobulin-op-
sonized meningococci by neutrophils [56]. Finally, if N.
meningitidis has managed to survive in the blood-
stream, it may reach the blood-brain barrier, crossing it
only to obtain a sanctuary, the subarachnoid space,
where it will virtually have no real limitation to multi-
ply and eventually cause a severe surbarachnoidal in-
flammatory response [57]. All these steps are modulat-
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ed in a definite manner by the dynamic interaction es-
tablished between the microorganism properties, the
host and environmental conditions. The main factors
are listed in Table 33.1.

Colonization of the human nasopharynx is the first
event in the development of human meningococcal dis-
ease. The human nasopharyngeal mucosa is the only
natural reservoir of N. meningitidis [58]. Transmission
of meningococcus always occurs from one person to an-
other, by direct contact or via droplets, and the newly in-
fected person is at the greatest risk of developing menin-
gococcal disease [48]. The survival of bacteria in these
droplets would appear to be influenced by climatologi-
cal conditions, such as temperature and humidity. Mul-
tiple factors have been identified as favoring meningo-
coccal nasopharyngeal carriage, such as being a close
contact of a patient with meningococcal disease, for ex-
ample household members, healthcare workers, and
day-care center workers [59, 60]. Physical damage of na-
sopharyngeal mucosa by active or passive smoking in-
creases the risk of N. meningitidis carriage and menin-
gococcal disease [61–64], as do stressful events and pre-
ceding or concomitant Mycoplasma pneumoniae or viral
upper respiratory tract infections which either alter the
integrity of the mucosal surface or influence local or sys-
temic immunity [65–69]. Pili contribute to the attach-
ment to nasopharyngeal mucosal cells [56]. The mecha-
nisms for nasopharyngeal colonization and survival of
N. meningitidis are not well understood, but since IgA
and ciliary activity constitute the cornerstone of muco-
sal defense, the meningococcus is able to diminish the
ciliary activity and to produce an IgA protease [70].

Meningococcus can survive and proliferate in the
bloodstream when intravascular killing is impaired, ei-
ther because of specific virulence factors of the menin-
gococcus itself or because of a naive or defective im-
mune system of the host. The polysaccharide capsule is
the most important bacterial virulence factor for sur-
vival of the meningococcus in the bloodstream. This
protects against complement-mediated bacteriolysis
and phagocytosis by neutrophils, and hepatic and
spleen macrophages [71]. The capacity to acquire iron
from human transferrin by using transferrin binding
proteins is another factor involved [72, 73].

Defense against meningococcus within the blood-
stream is based on the presence of serum bactericidal
antibodies against N. meningitidis, a functioning com-
plement system, and its cornerstone is antibody-medi-
ated lysis of meningococci via classical activation. The
incidence of meningococcal disease in normal individ-
uals is reciprocally related to the serum concentration
of specific antibodies, with the highest incidence oc-
curring from 6 to 24 months of age, when maternal an-
tibodies have disappeared and own antibodies have not
yet been generated [34, 37, 42]. Specific antibodies are
induced throughout life by the continuously repeated

and intermittent carriage of meningococci and N. lac-
tamica [74, 75]. As already mentioned, certain strains
of enteric bacteria with capsular polysaccharides im-
munologically identical to certain capsular polysaccha-
rides of N. meningitidis induce the production of cross-
reacting antibodies [51, 52].

After N. meningitidis invades the bloodstream,
three main cascade pathways are activated. The first
cascade is the complement system that induces the in-
flammatory reaction via C3a and C5a. The second is
the coagulation and fibrinolysis pathway which results
in a prothrombotic stage. The third is the inflammato-
ry response mediated by cytokines and chemokines.
Genetic polymorphisms among components of these
cascade pathways have been involved in the suscepti-
bility, severity, and outcome of meningococcal disease
[76].

Effective removal of encapsulated bacteria requires
phagocytosis of opsonized bacteria, a process that de-
pends on efficient interaction between antibodies and
Fc receptors and between complement and comple-
ment receptors [77]. The IgG receptors (Fc * Rs) are of
crucial importance in directing the uptake and destruc-
tion of encapsulated bacteria, since Fc * Rs on phago-
cytes detect IgG-opsonized microorganisms [78, 79].
The naturally occurring polymorphism of the Fc * RIIA
may influence neutrophil phagocytic capacity, thus
predisposing a patient to handling more or less effi-
ciently the presence of meningococci within the blood-
stream [80]. The presence of adequate concentrations
of complement, especially terminal factors, is of para-
mount importance for killing meningococci, since they
not only directly damage the bacterial membrane but
also improve opsonization and phagocytosis [81]. Pa-
tients who have deficits of the terminal factors of the
complement exemplify how important it is, and usually
present recurrent episodes of meningococcal disease.
The possibility of acquiring meningococcal disease in-
creases by up to 6,000-fold due to deficiency of one of
the terminal complement factors [55]. Only a few cases
can be explained by terminal complement factors or
properdin deficiency, due to their rarity. Only 5 cases
(1.0%) of 643 patients living in Barcelona diagnosed as
having meningococcal disease during 1987–1992 had a
complement deficit, this being C7 in 3 cases and C8 in 2
others [34].

Once N. meningitidis has been able to survive and
eventually multiply within the bloodstream, it may
reach the blood-brain barrier and cross it. However, the
pathogenic events underlying the development of me-
ningococcal meningitis are beyond the scope of this
chapter and will be discussed in the chapter devoted to
bacterial meningitis.

Common complications of meningococcemia are
vascular collapse and shock and coagulation disorders
ranging from laboratory abnormalities to disseminat-
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Table 33.2. Meningococcal disease in Barcelona (1987–1992): clinical manifestations by bacteriological form (cases detected by
active epidemiologic surveillance systems). (From ref. [34])

Clinical feature No. (%) of patients
Meningococce-
mia (n=152)

Meningitis
(n=165)

Meningococcemia
with meningitis
(n=150)

Meningococcal dis-
ease not microbiolog-
ically proved (n=176)

All cases
(n=643)

Fever 148 (97.4) 165 (100) 148 (98.7) 176 (100) 637 (99.1)
Petechiae 112 (73.7) 94 (57.0) 121 (80.7) 176 (100) 503 (78.2)
Headache 25 (16.4) 123 (74.5) 105 (70.0) 101 (57.4) 354 (55.1)
Nausea/vomiting 51 (33.6) 92 (55.8) 73 (48.7) 85 (48.3) 301 (46.8)
Meningeal signs 12 (7.9) 129 (78.2) 83 (55.3) 59 (33.5) 283 (44.0)
Pharyngeal erythema 46 (30.3) 70 (42.4) 58 (38.7) 65 (36.9) 239 (37.2)
Chillsa 67 (44.1) 36 (21.8) 33 (22.0) 29 (16.5) 165 (25.7)
Abnormal level of conscious-

ness (excluding coma) 11 (7.2) 55 (33.3) 49 (32.7) 40 (22.7) 155 (24.1)
Maculopapular rash 32 (21.1) 20 (12.1) 26 (17.3) 23 (13.1) 101 (15.7)
Ecchymosis 20 (13.2) 12 (7.3) 17 (11.3) 24 (13.6) 73 (11.4)
Myalgiaa 22 (14.5) 9 (5.5) 15 (10.0) 21 (11.9) 67 (10.4)
Abdominal paina 12 (7.9) 3 (1.8) 9 (6.0) 12 (6.8) 36 (5.6)
Coma 3 (2.0) 17 (10.3) 5 (3.3) 6 (3.4) 31 (4.8)
Arthralgiaa 6 (3.9) 9 (5.5) 6 (4.0) 6 (3.4) 27 (4.2)
Hemorrhagic diathesis 9 (5.9) 3 (1.8) 8 (5.3) 5 (2.8) 25 (3.9)
Seizures 2 (1.3) 6 (3.6) 6 (4.0) 8 (4.5) 22 (3.4)
Cranial nerve palsies 1 (0.7) 10 (6.1) 3 (2.0) 1 (0.6) 15 (2.3)
Other focal neurologic signs 0 (0) 5 (3.0) 3 (2.0) 3 (1.7) 11 (1.7)

a Only patients aged & 6 years were considered

ed intravascular coagulation (DIC) [82]. Both compli-
cations are primarily due to the effects of meningococ-
cal lipo-oligosaccharide, which is a potent endotoxin
[83]. There are common causal mechanisms for shock
and DIC, two interrelated processes which reinforce
each other. For example, microvascular thrombosis
leads to hypoperfusion (i.e., shock) and shock induces
endothelial damage and DIC [26]. Capillary leakage,
inappropriate vascular tone, intravascular micro-
thrombi, and myocardial dysfunction cause shock. DIC
and myocardial depression further aggravate the state
of shock. Its effects are mediated by TNF- [ , IL-1 and
IL-6 and by an extensive complement activation, and
all these mediators may contribute to the multiple-or-
gan failure and death occurring in the most severe
cases [84, 85]. Cytokines also play a pivotal role in the
activation and regulation of the coagulation cascade,
which in its most severe form causes overwhelming
DIC with the formation of microvascular thrombi in
various organs [82].

It has been demonstrated that factors intrinsic to the
host, such as genetic influences on cytokine produc-
tion, may contribute to a severe or fatal outcome of me-
ningococcal disease. Among them, death associated
with meningococcal disease has been related to a TNF-
[ gene promoter polymorphism [86], to a low level of

TNF production and a high level of IL-10 production
[87], and to a functional insertion/deletion (4G/5G)
polymorphism in the promoter region of the plasmino-
gen activator inhibitor (PAI)-1 gene [88, 89]. These
findings may constitute a genetic background that
modulates the host response to meningococcal infec-

tion, and eventually its clinical manifestations and out-
come.

The major mechanism of death in meningococce-
mia is circulatory collapse resulting from a combina-
tion of capillary leak, intravascular volume depletion,
vasodilation and myocardial failure.

33.5
Clinical Features and Forms of
Meningococcemia

Meningococcal disease is a protean disease, i.e., its clin-
ical manifestations can be quite varied, ranging from
transient fever and bacteremia to fulminant disease
with death ensuing within hours of the onset of clinical-
ly apparent disease [90]. Despite the fact that variations
in the clinical manifestations of meningococcal disease
can occur, the trained physician has little doubt when
facing a case of full-blown meningococcemia, but diag-
nosis of sporadic cases requires a high index of suspi-
cion and a careful search for clues of the disease. This is
particularly true for patients of extreme ages, where
subtle symptoms and signs may be the prodrome of
overt disease.

Despite the variety of clinical presentations of me-
ningococcal disease, fever and petechiae are usually
present. Petechiae are present in 78.2% of patients, in-
dependently of the clinical form of the disease [34].
They usually appear as discrete lesions, 1–2 mm in di-
ameter, most frequently on the trunk and lower por-
tions of the body (Figs. 33.4–33.7). However, in pa-
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tients with scarce lesions, the mucous surfaces such as
the conjunctiva may be the only site affected. Petechiae
commonly cluster in areas where pressure may be ap-
plied to the skin by elastic underwear or stockings, thus
demonstrating the importance of completely disrobing
the patient for an adequate examination [1]. The initial
number and progression of petechiae is important and
a simple means to monitor both the evolution of the
disease and the effectiveness of therapy. A common
practice is to circle areas with petechiae, count those
within the circle, and document the number of petechi-
al lesions present per a given unit of time. The counts
should be performed hourly early in the disease or until
the patient clinically stabilizes.

Petechiae are a common harbinger of meningococ-
cal disease, but occasionally if the patient is not

Fig. 33.4. Petechiae in the
arm of a patient with menin-
gococcemia

Fig. 33.5. Petechiae in the leg
of a patient with meningo-
coccemia

completely undressed when examined or if examina-
tion of mucous surfaces such as the palpebral conjunc-
tiva is omitted, important telltale lesions can be missed
[1]. The finding of petechiae or purpura in a febrile pa-
tient should increase the index of suspicion for menin-
gococcemia.

Petechial rash is not the only cutaneous manifesta-
tion of meningococcal disease, and a maculopapular
eruption that can resemble a viral exanthem, particu-
larly rubella, has also been described [91]. This rash is
neither purpuric nor pruritic and is usually transient,
generally not lasting more than 2 days, and most fre-
quently disappears hours after the first observation. In
cases of fulminant meningococcal disease, the skin le-
sions dominate the clinical appearance and may evi-
dence coalescence of increasing petechiae, septic vas-
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culitis, together with ecchymoses, purpura, subcutane-
ous hematoma, and hemorrhagic bullae covering a ma-
jority of the body surface [92]. Skin hemorrhages are
the distinguishing feature par excellence of meningo-
coccal disease and are usually the visual manifestations

Fig. 33.6. Purpuric lesions in a young child with meningococce-
mia

Fig. 33.7. Septic vasculitis in
a patient with meningococ-
cemia

of DIC (Figs. 33.8, 33.9). These cutaneous signs fre-
quently coexist with other signs of DIC, such as sponta-
neous clinically apparent bleeding, including bleeding
from wounds, hematuria, spontaneous gingival bleed-
ing, epistaxis, gastrointestinal or gynecological bleed-
ing, and peripuncture bruises or puncture bleeding at
the time of establishing venous or arterial access, intra-
muscular injection, lumbar puncture, or others.

All of these are signs of ominous prognosis [34, 93]
and are present characteristically in the fulminant form
of meningococcemia, together with a profound endo-
toxic shock with hemorrhagic destruction of adrenal
glands (Waterhouse-Friderichsen syndrome) or pe-
ripheral symmetric gangrene (purpura fulminans)
(Fig. 33.10). DIC is a generalized phenomenon which
affects all organs, but the adrenals are especially vul-
nerable [94]. Adrenal hemorrhages can cause adrenal
insufficiency [95]. However, the intracerebral vessels
are spared during fulminant meningococcemia [26].

The fulminant form of meningococcal disease, de-
fined as interval of symptoms to therapy lower than 7 h
and shock on hospital admission, affects 3.9–5.3% of
patients [34, 93]. When present, shock dominates the
clinical picture, with a poorly responsive patient, in-
tense peripheral vasoconstriction and cyanotic and
poorly perfused extremities. Blood analyses demon-
strate metabolic acidosis and usually hypoxia. Fulmi-
nant meningococcemia is characterized by shock and
DIC, two interrelated processes. Shock and DIC have a
rapid onset and characteristic skin hemorrhages that
allow bedside diagnosis. Shock and DIC have common
causal mechanisms and reinforce each other. For exam-
ple, microvascular thrombosis leads to hypoperfusion
and shock leads to endothelial damage and DIC [26]. To
quote Hardaway, “Shock is both cause and effect of
DIC” [96].
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Fig. 33.8. Subcutaneous ec-
chymosis in a patient with
fulminant meningococcemia

Fig. 33.9. Extensive ecchymosis in a patient with fulminant me-
ningococcemia and disseminated intravascular coagulation

A very important prognostic sign is myocardial in-
volvement that manifests itself by the presence of gal-
lop rhythm, congestive cardiac failure with pulmonary
edema and poor peripheral perfusion [97]. Some de-

gree of myocarditis has been demonstrated in more
than half of the patients who die of meningococcal dis-
ease [98, 99]. Another frequent complaint in meningo-
coccemia is generalized muscle tenderness, sometimes
with very intense pain, that can be an important differ-
ential sign [90].

Wolfe and Birbara have distinguished four clinical
situations in meningococcal disease: bacteremia with-
out sepsis, meningococcemia without meningitis, men-
ingitis with or without meningococcemia, and the me-
ningoencephalitic presentation [100]. The latter two
clinical forms will be discussed in the chapter devoted to
bacterial meningitis. Benign, occult or inapparent me-
ningococcemia is caused by a low-degree bacteremia,
ranging from 22 to 325 organisms per milliliter, from a
primary upper respiratory source [101]. In fact, the pa-
tient or parent seeks medical attention because of an up-
per respiratory illness or rash of presumed viral origin
[34]. After recovery, or more frequently after discharge
from the hospital without specific antimicrobial therapy,
the results of blood cultures are reported positive for N.
meningitidis. This form of meningococcal disease ac-
counts for 2% of the total number of cases [34].

When isolated meningococcemia or meningococce-
mia without meningitis is present, the patient looks
septic, usually with a skin rash, generalized malaise,
weakness, headache, and muscle tenderness. Frequent-
ly hypotension appears on admission or shortly there-
after. Isolated meningococcemias represents around
23.6% of the total cases of meningococcal disease [34].
When meningococcemia occurs in the setting of me-
ningococcal meningitis, symptoms and signs attribut-
able to meningitis usually dominate the clinical pic-
ture. Finally, variations of manifestations may occur,
and the patient can progress from one to the other form
during the course of the disease [102].
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Fig. 33.10. Symmetric periph-
eral gangrene in purpura
fulminans

A specific and infrequent form of meningococcal
disease called chronic meningococcemia, that is char-
acterized by low-grade fever, rash, and arthritis, is also
known [103–107]. Chronic meningococcemia is de-
fined as meningococcal septicemia without meningeal
symptoms in which fever has persisted for at least
1 week before initiation of any antibiotic therapy [108].
From a clinical point of view, the cutaneous lesions are
identical to those seen in chronic gonococcemia, and N.
meningitidis is thought to be increasing as a cause of
the arthritis-dermatitis syndrome [109].

In patients with repeated flares of meningococce-
mia, complement deficiencies must be ruled out [55].
Although a primary focus for meningococcemia is sel-
dom found, a portal of entry can sometimes be identi-
fied. The most frequent are the conjunctiva, and the
lung [110, 111].

33.6
Diagnosis

Early diagnosis and immediate recognition of deterio-
ration are of crucial importance because meningococ-
cal disease can be fatal within a few hours. The clinical
diagnosis of meningococcal disease does not usually
pose many problems for an experienced physician
from an endemic area when faced with a characteristic
case. However, in some cases, early diagnosis of menin-
gococcemia is extremely difficult and requires a high
degree of suspicion [112, 113].

The hallmarks for the clinical diagnosis of meningo-
coccal disease are the presence of fever and petechiae,
and they form the basis for the criteria of the Meningo-
coccal Disease Surveillance Group to establish a clinical

diagnosis of meningococcal disease [114]. Following its
criteria, a patient can be diagnosed as having meningo-
coccal disease when having an illness with fever and
petechiae, diagnosed as meningococcal disease by the
local physician, even if there is no blood or CSF isolate
of N. meningitidis. In our epidemiological environment
(western Europe), there are only a few diseases that
may resemble meningococcal disease. Among them, vi-
ral illnesses, bacteremia caused by Haemophilus influ-
enzae, Streptococcus pneumoniae and other Gram-pos-
itive cocci, rickettsiosis, and autoimmune purpuras
may cause a rash that can simulate meningococcal dis-
ease. In North America, rickettsiosis of the Rocky
Mountain spotted fever group may pose a greater diag-
nostic dilemma. Furthermore, only 78% of the patients
with meningococcal disease will present an identifiable
rash, and in those cases in which there are no cutane-
ous signs, the clinical presentation is entirely indistin-
guishable from other bacteremic diseases, and these
patients are more prone not to be identified when they
first seek medical attention [34].

Twelve percent of patients diagnosed as having me-
ningococcal disease in Barcelona from 1987 to 1992 had
been seen by a hospital physician but were sent home
from the emergency service with an erroneous diagno-
sis of upper respiratory tract infection or viral illness.
Meningococcal disease was only diagnosed in a subse-
quent visit [34].

The gold standard for diagnosis of meningococcal
disease (a definite diagnosis) is based on recovering N.
meningitidis from a usually sterile body fluid such as
blood, CSF, or rarely synovial, pleural or pericardial
fluids. Obviously, the CSF and blood are the most fruit-
ful sources of positive cultures. In our experience,
blood cultures were positive in 47.0% of cases [34],
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whereas in the experience of others they were positive
in 51.4% of cases [115]. However, even in patients who
do not have clinical meningitis, N. meningitidis can be
recovered from a CSF culture, and CSF is otherwise
normal in terms of protein and glucose contents and
cellular count [116]. Another possible source of menin-
gococci, although with a variable ability to isolate N.
meningitidis, is the petechial skin or mucosal lesions.
Some authors have reported isolation in 69.8% of pete-
chial smears, but once again interpretation of these
specimens may be difficult [115].

Throat swabs play a limited role in the diagnosis of
meningococcal disease, since a third of young adults
carry meningococci, and thus isolation of a meningo-
coccus from a young adult with meningococcemia is
uninformative. However, meningococci are rarely car-
ried by infants and young children (1–4%), and there-
fore isolation of a well-capsulated meningococcus from
such a patient with meningococcemia must be valid
[117]. Rapid methods for microbiologic diagnosis,
such as Gram stain, detection of meningococcal anti-
gens by means of counterimmunoelectrophoresis, latex
agglutination, and coagglutination, and the polymer-
ase chain reaction, have been useful for the diagnosis of
meningococcal meningitis, but their use in an environ-
ment of meningococcemia has yet to be determined.
Polymerase chain reaction analysis offers the advan-
tages of detecting serogroup-specific N. meningitidis
DNA and of not requiring live organisms for a positive
result.

From 35.2% to 43.7% of patients with meningococ-
cal disease have received antibiotics prior to hospital
admission [34, 93]. These patients, who can still be di-
agnosed as having meningococcal disease if they fulfill
the criteria established by the Meningococcal Disease
Surveillance Group [114], will have in a greater propor-
tion no positive microbiologic data to support the diag-
nosis. Meningococcal disease not microbiologically
proved represents 27.4% of the total number of pa-
tients with the disease [34]. In these patients, methods
such as those that look for bacterial antigens or bacteri-
al DNA may play a diagnostic role.

33.7
Management of Meningococcemia

Although significant advances in the treatment of me-
ningococcal disease were made early in the twentieth
century by means of serum therapy from immunized
horses [118, 119], the introduction of sulfonamides by
Schwentker [120] in 1937, and penicillin by Rosenberg
and Arling [121] in 1944, dramatically altered the pre-
viously ominous prognosis of meningococcal disease.
However, sulfonamides play a very limited role in the
treatment of meningococcal disease since meningococ-

ci became widely resistant to sulfonamides early in the
1960s [122].

Antibiotics are the cornerstone of treatment. It is
necessary to begin antibiotic therapy as soon as possi-
ble, and this should never be delayed by diagnostic pro-
cedures (Fig. 33.11). A gold standard of therapeutics is
to establish antibiotic treatment before 30 min follow-
ing patient admission to the hospital emergency unit.
Therapy should be extended to include immediate fluid
resuscitation, a prompt beginning of mechanical venti-
lation, and transfer to a suitably equipped ICU in pa-
tients with poor prognostic signs or imminent shock
[26]. The usual doses of the most common antibiotics
used in the treatment of meningococcal disease are giv-
en in Table 33.3.

Penicillin has for decades been the treatment of
choice for meningococcal disease. However, since the
mid-1980s, there has been an increasing frequency of
isolation of meningococcal strains with decreased sus-
ceptibility to penicillin, mainly from Spain [123], the
United Kingdom [124], and South Africa [125]. In
Spain, the prevalence of meningococcal strains rela-
tively resistant to penicillin rose from the mid-1980s to
a maximum of 70.0% in 1997 and 75.2% in 2002
(Fig. 33.12) [123]. Since then, these figures have stabi-
lized at around 50–60% of strains. This reduced sensi-
tivity is due to a reduced affinity to penicillin binding
protein type 2 [123]. Penicillin resistance due to plas-
mid-related q -lactamase production occasionally oc-
curs [126]. Although the present rate of partially resis-
tant strains has potential implications for empiric ther-
apy of bacterial meningitis, it probably should not
affect penicillin-based therapeutic strategies of me-
ningococcemia. Standard doses of penicillin (i.e.,
250,000 units/kg/day) will provide an adequate serum
level that usually surpasses the MIC for partially resis-
tant isolates by many times [127]. Thus, penicillin can
still be used safely in the treatment of meningococce-
mia. The usual recommended dose of penicillin is
300,000 units/kg/day with an upper limit of 24 million
units/day as 2 million units q2 h.

Notwithstanding the fact that penicillin or chloram-
phenicol therapy may be successful, it does not eradicate
the meningococcus from the nasopharynx [128], as bac-
tericidal concentrations are not reached in the nasopha-
ryngeal and respiratory secretions, and thus patients
treated with penicillin or chloramphenicol should be giv-
en rifampin chemoprophylaxis before discharge from the
hospital to prevent reentry of the pathogenic N. meningi-
tidis strain into the household or another group of which
the patient forms part [129, 130]. It has, however, been
shown that on discharge from hospital only 1% of pa-
tients were nasopharyngeal carriers of pathogenic me-
ningococci [128, 131, 132]. It is not necessary to establish
chemoprophylaxis if the meningococcal disease has been
treated with ceftriaxone or cefotaxime.
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Favorable epidemiologial context
Case of meningococcal disease in household member or in the community

Recent trip to endemic or epidemic area for meningococcal disease
Winter and spring

Crowded places (household, day-care centers, schools, universities, barracks, army, 
closed communities)

Favorable epidemiologial context
Case of meningococcal disease in household member or in the community

Recent trip to endemic or epidemic area for meningococcal disease
Winter and spring

Crowded places (household, day-care centers, schools, universities, barracks, army, 
closed communities)

Suspicion of meningococcal disease
Fever + petechiae

Suspicion of meningococcal disease
Fever + petechiae

At patient’s home or physician’s office (Primary care)
Begin adequate antibiotic treatment

Determination of the punctuation using the 
Barcelona Meningococcal Disease Surveillance Group Score

Establishment of intravenous perfusion
Urgent  transfer to the nearest hospital

At patient’s home or physician’s office (Primary care)
Begin adequate antibiotic treatment

Determination of the punctuation using the 
Barcelona Meningococcal Disease Surveillance Group Score

Establishment of intravenous perfusion
Urgent  transfer to the nearest hospital

At hospital emergency area
Begin or continue adequate antibiotic treatment

Respiratory isolation for 24 hours
Obtain samples for culture and other diagnostic tests

Establishment of intravenous perfusion (if not previously established)
Continuous monitoring of vital signs

Early diagnosis of complications

At hospital emergency area
Begin or continue adequate antibiotic treatment

Respiratory isolation for 24 hours
Obtain samples for culture and other diagnostic tests

Establishment of intravenous perfusion (if not previously established)
Continuous monitoring of vital signs

Early diagnosis of complications

Evidence of shock
Hypotension, pallor, tachycardia, poor capillary refill, 

oliguria, alteration of the level of consciousness, 
alteration of the acid-base status

Evidence of shock
Hypotension, pallor, tachycardia, poor capillary refill, 

oliguria, alteration of the level of consciousness, 
alteration of the acid-base status

NoContinue
monitoring
Continue

monitoring

Perfusion of isotonic solutions
Assess airway

Oxygen therapy
Assess acid-base status

Perfusion of isotonic solutions
Assess airway

Oxygen therapy
Assess acid-base status

Suspicion of severe respiratory failure: intubation, mechanical ventilation
Continue or increase perfusion of isotonic crystalloid 

Central intravenous line and/or arterial access

Suspicion of severe respiratory failure: intubation, mechanical ventilation
Continue or increase perfusion of isotonic crystalloid 

Central intravenous line and/or arterial access

Inotropic drugs (epinephrine or dopamine)
Increase perfusion of isotonic crystalloid

Consider establishment of pulmonary artery catheter

Inotropic drugs (epinephrine or dopamine)
Increase perfusion of isotonic crystalloid

Consider establishment of pulmonary artery catheter

Other inotropic drugs (norepinephrine) or increase dose
Assess vasodilator drug (nitroprusside)

Assess corticosteroids

Other inotropic drugs (norepinephrine) or increase dose
Assess vasodilator drug (nitroprusside)

Assess corticosteroids

Yes

ImprovementContinue
monitoring
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monitoring

No improvement

ImprovementContinue
monitoring
Continue

monitoring

No improvement

ImprovementContinue
monitoring
Continue

monitoring

No improvement

ImprovementContinue
monitoring
Continue

monitoring

Fig. 33.11a. Algorithm of management for meningococcemia
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Other inotropic drugs (norepinephrine) or increase dose
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Assess corticosteroids
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Assess vasodilator drug (nitroprusside)

Assess corticosteroids
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Evidence of disseminated intravascular coagulation (DIC)
Spontaneous clinically apparent bleeding, including bleeding from wounds, hematoma,
hematuria, spontaneous gingival bleeding, epistaxis, gastrointestinal or gynecological

bleeding, and peripuncture bruises or puncture bleeding at the time of establishing venous
or arterial access, intramuscular injection or lumbar puncture

Peripheral acrocyanosis, thrombosis, and pregrangrenous changes
in fingers/toes, genitalia, and nose

Evidence of disseminated intravascular coagulation (DIC)
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Diagnostic confirmation of DIC
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Prolonged PT and PTT and thrombin time, 

Reduced fibrinogen, 
Increased fibrin degradation products (FDP)
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Fig. 33.11b. Algorithm of management for meningo-
coccemia

Fig. 33.12. Prevalence of decreased susceptibility to penicillin
Neisseria meningitidis strains isolated in Spain (1985–2005)

With indiscriminate chemoprophylaxis it is possible to
sterilize the nasopharynx in the absence of pathogenic
strains of meningococcus and to eliminate the non-
pathogenic strains of Neisseria or other nonpathogenic
germs which compete with N. meningitidis for the colo-
nization of the nasopharynx. Nonselective chemopro-
phylaxis prevents the protective immunological re-
sponse by means of crossed reactivity and allows the
colonization de novo of pathogenic N. meningitidis

strains. It is therefore recommended to proceed with
selective chemoprophylaxis which consists in carrying
out a nasopharyngeal exudate culture, having obtained
the sample by smear, and only carrying out chemopro-
phylaxis in the event of detecting the presence of patho-
genic meningococci strains.

Third-generation cephalosporins are increasingly
used in the empirical treatment of bacterial meningitis
and meningococcal disease due to a better coverage of
all possible etiologies of bacterial meningitis and be-
cause of the fear of resistance. Third-generation cepha-
losporins, including cefotaxime, ceftriaxone, ceftizoxi-
me, and ceftazidime and the second-generation cefuro-
xime have been successfully used for the treatment of
meningococcal meningitis [133–135]. For patients who
are allergic to penicillin, aztreonam may be a safe alter-
native. Also, for patients allergic to penicillin, chloram-
phenicol at a dose of 100 mg/kg/day up to a maximum of
4 g/day administered intravenously may be an effective
substitute for penicillin and in Third World countries it
can be administered in its depot formulation by the in-
tramuscular route. The duration of antibiotic therapy
will vary, but usually 7 days is enough when the menin-
gococcus is sensitive to the antibiotic used.

The epidemiological study on meningococcal dis-
ease carried out in Barcelona during 1987–1992 dem-
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Table 33.3. Antibiotics used in the treatment and chemopro-
phylaxis of meningococcal disease

Meningococcemia treatment

Non-penicillin-allergic
Penicillin G Na

Adults: 300,000 units/kg/day IV (in divided doses every
4 h), up to 24 million units/day

Ceftriaxone
Adults: 100 mg/kg/day IV (in divided doses every 12 h),

up to 4 g/day
Children: 50 mg/kg/day IV (in divided doses every 12 h),

up to 2 g/day
Cefotaxime

Adults: 200 mg/kg/day IV (in divided doses every 6 h), up
to 12 g/day

Meropenem
Adults: 3.0 g/day IV (in divided doses every 8 h)

Penicillin-allergic
Chloramphenicol

Adults: 100 mg/kg/day IV (in divided doses every 6 h), up
to 4 g/day

Aztreonam
Adults: 150 mg/kg/day IV (in divided doses every 8 h), up

to 12 g/day

Chemoprophylaxis
Rifampin

Adults: 600 mg/12 h PO, for 2 days (4 doses)
Children >1 month: 10 mg/kg/12 h PO, up to 600 mg/12 h,

for 2 days (4 doses)
Children e 1 month: 5 mg/kg/12 h PO, for 2 days

(4 doses)
Ceftriaxone

Adults: 250 mg IM, single dose
Children >12 years: 250 mg IM, single dose
Children e 12 years: 125 mg IM, single dose

Ciprofloxacin
Adults: 500 mg PO, single dose

Levofloxacin
Adults: 500 mg PO, single dose

Ofloxacin
Adults: 400 mg PO, single dose

Minocycline
Adults: 100 mg/12 h PO, for 5 days

Spiramycin
Adults: 500 mg/6 h PO, for 5 days
Children: 10 mg/kg/6 h PO, for 5 days

Azithromycin
Adults: 500 mg PO, single dose

a Ciprofloxacin, ofloxacin, and minocycline are contraindi-
cated in children, pregnant woman or lactating women

onstrated that pre-admission antibiotic therapy was
an independent predictor of a better outcome, reduc-
ing mortality and the incidence of sequelae in surviv-
ing patients [34, 93]. On the basis of this result, the ad-
ministration of adequate antibiotic prior to hospital-
ization is recommended as soon as meningococcal
disease is suspected, as this is the only way that the
physician has, at a non-hospital level (at patient’s
home or physician’s office), to improve the patient’s
prognosis. This measure should be carried out provid-
ed that it does not represent an important delay in the

Table 33.4. Prognostic factors for patients with meningococcal
disease: bedside clinical parameters for prediction of outcome.
(From ref. [93])

Barcelona Meningococcal Disease Surveillance Group Score
Parameter Points

Preadmission antibiotic therapy –1
Age & 60 years 1
Focal neurologic signsa 1
Hemorrhagic diathesisb 2

Probability of death according to observed score
Prediction score Case-fatality rate (%)

–1 0
0 2.3
1 27.3
2 73.3
& 3 100

a Motor, sensory, or cranial nerve disturbances of central origin
b Spontaneous clinically apparent bleeding, including bleeding

from wounds, hematoma, hematuria, spontaneous gingival
bleeding, epistaxis, gastrointestinal or gynecological bleed-
ing, and peripuncture bruises or puncture bleeding at the
time of establishing venous or arterial access, intramuscular
injection or lumbar puncture

transfer of the patient to hospital. Before carrying out
this study, microbiologists advised against adminis-
tering antibiotics before obtaining the blood and/or
CSF samples for culture, as this significantly reduces
the likelihood of recovering N. meningitidis. At pre-
sent, with methods such as PCR which do not require
live bacteria to obtain a positive result, this inconve-
nience is no longer relevant. Studies in the United
Kingdom have suggested that early administration of
parenteral penicillin by general practitioners, as soon
as the diagnosis was entertained, significantly im-
proved the prognosis of patients pre-treated in this
way [136–141].

The clinical management of a patient with meningo-
coccal disease, whether meningococcemia or meningo-
coccal meningitis, should always be treated as a medi-
cal emergency. The initial management of meningo-
coccemia includes the rapid administration of antibiot-
ic therapy and the continuous monitoring of the pa-
tient’s vital signs for early detection of the appearance
of complications (Fig. 33.11). Respiratory isolation is
indicated until 24 h after the first dose of antibiotics.
The infectivity of the patient disappears quickly once
the first doses of antibiotic have been administered.
The measures aimed at preventing contagion in the ini-
tial hours, apart from respiratory isolation, are the use
by healthcare staff of masks, eye protection, white coat,
gloves and hand-washing.

The most common and important manifestation re-
quiring urgent intervention in meningococcal disease
is vascular collapse and shock. This occurs in 12.1% of
all the cases of meningococcal disease and is far more
frequent in isolated meningococcemia than when there
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is concomitant meningitis [34]. For the first few hours,
it is necessary to monitor patients closely as shock can
develop after starting antibiotic therapy [142]. It
should be taken into account that monitoring the sys-
tolic blood pressure in children is not sufficient to trace
the development of shock. Low diastolic blood pres-
sure, delayed capillary refill, cold extremities, and
tachycardia are better indicators [26]. Good clinical
surveillance and frequent laboratory monitoring are
crucial. For example, on observing an increase in the
number and size of skin hemorrhages and a decrease in
the platelet count, it is easy to monitor the progression
of DIC [26, 143].

Patients with the fulminant form of meningococcal
disease characteristically have a severe capillary leak
syndrome together with myocardial dysfunction. Thus,
supportive care should include optimizing preload, de-
creasing afterload, and improving myocardial contrac-
tility. All of this is best accomplished in the ICU setting.
Intravenous fluid administration should be imple-
mented, together with inotropic and vasopressive sup-
port with dobutamine or dopamine, tailored to the
needs of each patient on the basis of clinical assessment
and of monitoring of systemic arterial pressure and
central venous pressure or pulmonary wedge pressure
[144–147]. During the first 24 h, administration of
8–10 l of intravenous fluid may be necessary. The se-
verity of shock has been correlated by various studies
with serum levels of TNF- [ , IL-1, IL-6, and lipo-oligo-
saccharide [84, 148, 149]. These findings and the en-
couraging results obtained in animal models have sug-
gested that treatment with monoclonal antibodies
against some of the cytokines or the endotoxin could be
of use in humans [150–153].

Some therapeutic successes were initially published
with the humanized anti-lipid A IgM antibody HA-1A
and with protein C concentrate infusions [154]. How-
ever, in human controlled trials E. coli J5 antibodies,
humanized anti-lipid A IgM antibody HA-1A, and re-
combinant bactericidal/permeability-increasing pro-
tein (rBPI) failed to show protection [155–158]. The
negative results of the antiendotoxin therapies can be
explained by the poor neutralizing potency of the anti-
bodies or by the timing of administration [26].

The use of glucocorticoids in the treatment of me-
ningococcemia in patients with evidence of purpura
fulminans and adrenal hemorrhagic necrosis (Water-
house-Friderichsen syndrome) is still controversial
[159, 160]. Several controlled studies of patients with
shock have demonstrated no benefit of high-dose glu-
cocorticoid treatment. However, in many acute care
hospitals glucocorticoids belong to the standard treat-
ment protocol of fulminant meningococcemia with ex-
tensive DIC and shock or suspicion of Waterhouse-Fri-
derichsen syndrome [26]. Some patients with menin-
gococcemia have a profound respiratory failure, and in

this case and in those who have received high amounts
of intravenous fluid and those in which profound shock
has occurred, mechanical ventilation should be started
immediately [161].

The problem of DIC is particularly ominous and its
presence is an independent predictor of death [34, 93].
As shock and DIC are interrelated processes, the only
successful treatment of DIC is the therapy against
shock. The routine use of heparin has not improved the
prognosis of DIC. Endovascular thrombosis, ischemia,
and imminent autoamputation may, however, lead to
additional treatment. Heparin therapy has been sug-
gested for this purpose [162, 163]. Patients with im-
pending peripheral gangrene (Fig. 33.10) and severe
coagulopathy should be treated with low-dose heparin
(10 units/kg/h) together with fresh frozen plasma with
the aim of restoring depleted levels of antithrombin III,
protein C, and protein S [164–166].

Antithrombin III infusion [167], topical nitroglyc-
erin [168, 169], extracorporeal membrane oxygenation
[170, 171], hemofiltration [163, 172], and plasma or
whole-blood exchange with or without leukapheresis
[173–176] have been tried in a few cases of fulminant
and refractory meningococcemia with variable results.
Continuous caudal block has been used to restore low-
er extremity perfusion in a child with meningococce-
mia [177]. In order to restore perfusion to pregangre-
nous limbs, thrombolytic therapy offers the best hope,
and there are anecdotal reports of the beneficial effects
of recombinant tissue plasminogen activator [146,
178–181].

Metabolic acidosis as a result of poor tissue perfu-
sion in shock may appear, and serum electrolytes and
acid-base balance may be monitored closely and abnor-
malities corrected immediately. Correction is often
hampered by acute renal failure, and thus continuous
plasma filtration or dialysis may be necessary in anuria
due to acute tubular necrosis or cortical necrosis asso-
ciated with meningococcal septic shock [182]. Alkalin-
ization is recommended in patients with severe rhab-
domyolysis in order to prevent myoglobin-induced re-
nal failure [26].

33.8
Outcome and Prognosis

Despite adequate antibiotic therapy and supportive
care, meningococcal disease causes an overall mortali-
ty of 6–15% of patients [21, 34, 183, 184]. Still today
meningococcal disease is the third cause of death in
children, only surpassed by casual injuries and malig-
nant diseases. In Barcelona, over 6 years meningococ-
cal disease caused the loss of 1,842 potential years of life
(average annual, 18 per 100,000 inhabitants) [34]. In
this study, performed in Barcelona by active epidemio-
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logic surveillance systems from 1987 to 1992, the aver-
age annual mortality rate was 0.40 per 100,000 and
among children under 10 years it was 2.23 per 100,000
(Fig. 33.13) [34]. Multiple-organ failure is the most fre-
quent cause of death (65.0–76.5% of deaths), followed
by cerebral edema (13.7–25.0%), and myocarditis
(9.8–10.0%) [34, 93].

Meningococcemia is the clinical form of meningo-
coccal disease with the highest case-fatality rate
(11.2%), and with fulminant meningococcemia this is
43.8–44.0% of patients [34, 93]. There is rapid clinical
deterioration, and approximately half of the patients
who die will do so within 24 h of the appearance of the
first symptoms. A third of the patients with fatal me-
ningococcal disease die within 6 h of hospital admis-
sion and another third die between 6 and 18 h [26, 185,
186]. Death at a later stage is still determined by the
course in the early hours, as shown by the fact that the
main cause of death after 24 h is withdrawal of treat-
ment because of poor neurological prognosis after pro-
longed cerebral hypoperfusion in the early hours [187].

The ability to define the outcome of meningococcal
disease based on a number of indicators has been ex-
tensively studied and several scoring systems, with
clinical and laboratory parameters, may be applied to
patients in order to identify severity [186, 188–200].
The Barcelona Meningococcal Disease Surveillance
Group designed and validated a very simple scoring
system that is based entirely on clinical parameters
very easy to determine at the patient’s bedside [93].

The Barcelona Meningococcal Disease Surveillance
Group Score was prospectively developed (624 patients
in the derivation set) and validated (283 patients in the
validation set) in all age groups and in all clinical forms
of microbiologically proved meningococcal disease
(meningococcaemia and/or meningococcal meningi-
tis) [93]. The score was also validated in microbiologi-
cally unproved meningococcal disease [34]. Hemor-

Fig. 33.13. Meningococcal dis-
ease in Barcelona
(1987–1992): average annual
mortality rate and case-fatal-
ity rate by age group (cases
detected by active epidemio-
logic surveillance systems).
(From ref. [34])

rhagic diathesis was scored with 2 points, presence of
focal neurologic signs with 1 point, age of 60 years or
older with 1 point, and preadmission antibiotic therapy
was scored as –1. The clinical scores of –1, 0, 1, 2, and 3
or more points were associated with a probability of
death of 0%, 2.3%, 27.3%, 73.3%, and 100%, respec-
tively (Table 33.4). Prospective validation of this score
has shown a score >1 to best identify patients at high
risk of dying and a score equal to –1 accurately identi-
fying patients with no mortality. It is one of the more
accurate scoring systems and was predictive of death in
82.4% of the patients [93].

The main attraction of the Barcelona Meningococcal
Disease Surveillance Group Score is its simplicity, and
therefore its speed, as it includes only four easily avail-
able clinical parameters obtained at the bedside by the
physician or another well-trained health professional
and not just in the hospital emergency area or intensive
care unit, but even in the physician’s office or the pa-
tient’s home.

The Barcelona Meningococcal Disease Surveillance
Group Score is a widely used score, in many hospital
emergency areas and intensive care units, and has been
used to select the patients for which speed of transfer to
hospital (ambulance vs. helicopter), admission to an
intensive care unit, and establishment of more aggres-
sive treatments is a priority or to stratify the patients
according to their prognosis for clinical trials. It also
provides a useful tool for evaluating the impact on sur-
vival of new therapeutic strategies.

The probability of death in meningococcal disease
related to the presence or absence of predictors of death
is shown in Fig. 33.13. Patients with the highest proba-
bility of dying were those with hemorrhagic diathesis,
whereas those with no predictor of death and who had
received preadmission adequate antibiotics had the
best prognosis.
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Preadmission antibiotic therapy

48 deaths/
588 patients = 8.2%

3 deaths/
319 patients = 0.9%

Yes No

Hemorrhagic diathesis

21 deaths/
27 patients = 77.8%

27 deaths/
561 patients = 4.8%

Yes No

Age

8 deaths/
421 patients = 1.9%

8 deaths/
102 patients = 7.8%

11 deaths/
38 patients = 28.9%

< 15 y ≥ 60 y
15-59 y

Focal neurologic signs

8 deaths/
33 patients = 24.2%

5 deaths/
97 patients = 5.2%

Yes No

Focal neurologic signs

8 deaths/
33 patients = 24.2%

8 deaths/
33 patients = 24.2%

Yes No

Fig. 33.14. Algorithm of probability of death in meningococcal disease related to the presence or absence of predictors of death. The
fraction expresses the number of deaths/the number of patients with the condition, equal to the case-fatality rate. (From ref. [93])

The rate of permanent and disabling sequelae in me-
ningococcemia is 2.6–11% of patients [26, 34, 201].
When they occur they are usually severe, with limb, fin-
ger-toe or extremity amputation being the most preva-
lent. Approximately 15% of cases require extensive skin
and peripheral limb necrosis requiring amputation or
reconstructive skin surgery [202–204]. Independent
predictors of sequelae in patients with meningococcal
disease are age over 60 years, the presence of focal neu-
rologic signs on admission to the hospital and the pres-
ence of hemorrhagic diathesis, whereas preadmission
antibiotic therapy plays a protective role [34]. The clini-
cal factors which independently allow the appearance
of sequelae to be predicted are the same as those which
allow death to be predicted.

33.9
Prevention

It has long been known that household members and
day-care center and schoolchildren contacts of index
patients with meningococcal disease have a 50–1,000-
fold higher chance of acquiring invasive disease than
do members of the general population [129, 205, 206].

A reason for this increased risk is that the household
members share some factors predisposing to the acqui-
sition of meningococcal disease such as the genetic fac-
tors and the occurrence of recent viral respiratory ill-
ness. Since these factors are not shared with the health-
care workers or laboratory personnel, secondary cases
acquired in the hospital [207–217] or in the laboratory
are uncommon [218–227].

Chemoprophylaxis can protect susceptible persons
from acquiring meningococcal disease by eliminating
meningococci colonization (eradication of the carrier
status) in close contacts. To quote Feldman “If there are
no carriers, there are no cases” [228]. Chemoprophy-
laxis eradicates N. meningitidis from the nasopharynx
and should be administered, as soon as possible, to in-
timate contacts such as household members or room-
mates, day-care center contacts, childcare contacts, fre-
quent playmates of young children, and persons ex-
posed to the patient’s oral secretions in the 7 days
before the onset of illness (kissing, sharing eating uten-
sils or toothbrushes, mouth-to-mouth resuscitation,
exposure to secretions aerosolized during endotrache-
al intubation), preferably within 24 h of diagnosis of the
index case [77, 229, 230]. Healthcare workers do not
have an increased risk if the latter circumstances are ex-
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cluded and should not be routinely offered chemopro-
phylaxis.

The antibiotics that are highly effective in eradicat-
ing meningococcus from the nasopharynx and the rec-
ommended chemoprophylaxis regime are listed in Ta-
ble 33.3 [231–234]. Rifampin, which achieves high con-
centrations in nasopharyngeal and respiratory secre-
tions, is one of the most effective antibiotics for elimi-
nating meningococci from the nasopharynx. Rifampin
is contraindicated in pregnant women (teratogenicity
in laboratory animals) and is generally well tolerated
although it has various side effects, including orange
urine and sweat, orange staining of contact lenses,
stimulation of liver microsomal enzymes, and reduc-
tion in levels of other concurrent medications (i.e., oral
contraceptives, anticoagulants, digoxin, phenytoin).
Rifampin may reduce efficacy of oral contraceptives;
therefore alternative contraceptive measures should be
used during and for the month after rifampin adminis-
tration. Ciprofloxacin, ofloxacin, and minocycline are
contraindicated in children, pregnant woman or lactat-
ing women. Ceftriaxone is probably the drug of choice
for a pregnant contact. Ciprofloxacin is contraindicated
in individuals younger than 18 years of age because of
evidence of cartilage damage in juvenile beagles [235].

Chemoprophylaxis should be instituted as soon as
possible because the risk of secondary cases is greatest
during the first days after onset of disease in the index
case. Chemoprophylaxis usually fails if given too late,
to the inadequate person, because of meningococci re-
sistant to the antibiotic administered or due to the in-
correct dose or interval [206, 230, 236–239].

Physicians should not obtain nasopharyngeal cul-
tures to determine whether or not to administer pro-
phylaxis; this only delays prompt chemoprophylaxis.
Selective chemoprophylaxis is only indicated in pa-
tients with meningococcal disease treated with penicil-
lin or chloramphenicol.

Chemoprophylaxis is further limited as it does not
prevent reintroduction of the pathogenic N. meningiti-
dis strain from a carrier outside the group, and late sec-
ondary cases still therefore occur [240].

Immunization of contacts may be useful in order to
prevent secondary cases as a supplement to chemopro-
phylaxis of household members, and day-care centers,
schoolchildren and other contacts of index cases of me-
ningococcal disease caused by the serogroups carried
by vaccine [241]. About 40% of secondary cases may
occur 5 or more days after presentation of the index
cases.

Due to the fact that half of secondary cases in house-
hold members develop within 24 h in children under
15 years, the Norwegian health authorities advise treat-
ing these possible coprimary cases with phenoxyme-
thyl-penicillin for 1 week [242–244]. The preventive
treatment with penicillin has considerably reduced the

number of coprimary fatalities in families [245]. How-
ever, this strategy is criticized because it can favor the
development of meningococcal strains resistant to pen-
icillin [246, 247].

Respiratory isolation of patients with meningococ-
cal disease is recommended for the first 24 h of admis-
sion to hospital. In all situations in which there is po-
tential for secondary cases, this risk must be explained
to families and it is absolutely essential to educate con-
tacts in relation to the need to seek immediate medical
attention if they develop signs or symptoms of a febrile
illness. No prophylactic strategy is 100% effective, and
ill contacts should therefore be evaluated with a high
suspicion of meningococcal disease [235].

In view of the fact that the protection offered by vac-
cination is not immediate, and the limited value of che-
moprophylaxis in the prevention of secondary cases,
immediate medical attention if signs or symptoms of a
febrile illness develop, early diagnosis and prompt ap-
propriate treatment are still the only ways to reduce
morbidity and mortality [235].

Meningococcal disease only occurs in patients de-
void of specific bactericidal or opsonizing antibodies.
The best way to prevent meningococcal disease is
therefore to use vaccination to induce these antibodies
[26]. Primary prevention is crucial for many reasons.
The presentation of the meningococcal disease may be
fulminant, with no opportunity for antibiotics to influ-
ence the evolution of the disease. Antibiotic-resistant
strains have been discovered, and chemoprophylaxis of
contacts is a difficult and often ineffective public health
measure. Mass immunization is essential to help pre-
vent both endemic and epidemic meningococcal dis-
ease worldwide [235].

Pathogenic meningococci are encapsulated in poly-
saccharide, which has a different structural biochemis-
try defining the serogroup of the microorganism. The
polysaccharide capsules of meningococci are impor-
tant determinants of virulence. Mutants of N. meningi-
tidis without capsular expression are non-pathogenic.
Serum antibody to capsule polysaccharide protects
against meningococcal disease by activating comple-
ment-mediated bacteriolysis and/or opsonization [25].

The primary successful approach to the develop-
ment of meningococcal vaccines has been to purify
capsular polysaccharides from the cell surface of N. me-
ningitidis and obtain a product free of contaminating
endotoxin. The first unconjugated capsular polysac-
charide vaccines against N. meningitidis serogroup A
and C were developed in the 1960s, in response to epi-
demics of meningococcal disease among United States
military recruits [248–250]. Large trials demonstrated
that these vaccines were safe and effective in adults and
older children [251–254] and are able to control com-
munity outbreaks of meningococcal disease caused by
serogroups A and C, epidemics in United States mili-

33.9 Prevention 359



tary centers, and large epidemics in sub-Saharan Africa
and Brazil [255–263].

The currently available A/C bivalent and A/C/Y/
W135 tetravalent meningococcal unconjugate vaccines
contain purified preparations of the specific capsular
polysaccharide antigens of these two or four serogroups
[248, 264]. These meningococcal unconjugated poly-
saccharide vaccines induce a T-cell-independent im-
mune response which is age dependent, this being its
main limitation: scarce immune response in children
under 18 months old and, consequently, deficient pro-
tection in the age group at most risk of acquiring me-
ningococcal disease; non-lasting protection, and a
scarce antibody response to booster doses of serogroup
C meningococcal vaccine [265, 266]. Administration of
these “thymus-independent” vaccines does not there-
fore tend to be recommended for children under
18 months old.

The administration of A/C or A/C/Y/W135 menin-
gococcal unconjugated polysaccharide vaccines is indi-
cated in the following situations: epidemics and out-
breaks of meningococcal disease caused by the sero-
groups carried by vaccine; groups at high risk of ac-
quiring meningococcal disease (individuals with func-
tional or anatomic asplenia and persons with comple-
ment or properdin deficiencies); travelers who are vis-
iting areas or countries with a high incidence of menin-
gococcal disease; day-care center contacts, schoolchil-
dren contacts and household members of an index case
of meningococcal disease as an adjunct to antibiotic
chemoprophylaxis; and military training camps [267].

Polysaccharides are T-cell-independent antigens
and consequently induce an immune response through
the direct presentation of the antigen and the activation
of the B cells without the intervention of the T cells. In
children under 18 months old this produces a response
predominantly of IgM antibodies of little intensity and
scarce duration and does not establish immune memo-
ry. The B cells of this age group are in an insufficient
stage of maturity to trigger an adequate immune re-
sponse without the collaboration of the T cells [268].

Experience with Haemophilus influenzae type b and
pneumococcal conjugate vaccines showed that the im-
munogenicity of capsular polysaccharides can be im-
proved by chemical conjugation to a protein carrier
[269, 270]. To obtain an effective response in children
under 18 months old it is necessary to combine the cap-
sular polysaccharides with a conveying protein, which
grants them the characteristics of a T-cell-dependent
antigen. The immune response then involves the stimu-
lation of the T cells which activate the B cells by means
of soluble factors. This allows an early production of
long-lasting IgG antibodies, and the establishment of
immune memory which is demonstrated by a marked
strengthening effect after revaccination [267].

In order to overcome the lack of adequate immuno-

genicity of meningococcal unconjugated polysaccha-
ride vaccines in infants, several C and A/C meningo-
coccal protein-polysaccharide conjugate vaccines were
developed through the 1980s [271, 272], and the first
human trials were conducted in 1991 [273]. These vac-
cines have demonstrated their ability to induce immu-
nological memory and greater effectiveness in children
under 18 months old, thus offering protection to the
age group most in need of protection against meningo-
coccal disease [274, 275]. The A/C meningococcal pro-
tein-polysaccharide conjugate vaccines are differenti-
ated by the conveying protein (e.g., tetanic toxoid, bo-
vine albumin, diphtheric toxoid CRM197), by the
structure and length of the polysaccharide, by the
method linking the protein to the polysaccharide
which can be in a direct covalent manner or with an ad-
ditional molecule and by the protein/polysaccharide
ratio [267].

In November 1999, serogroup C meningococcal
polysaccharide-protein conjugate vaccine was intro-
duced into routine immunization in the United King-
dom in an attempt to control hyperendemic serogroup
C meningococcal disease. The United Kingdom be-
came the first country to introduce routine serogroup C
meningococcal immunization [276]. Ireland and Spain,
in 2000, were the next countries to introduce the sero-
group C meningococcal polysaccharide-protein conju-
gate vaccine into their routine immunization schedule.
The United Kingdom campaign was followed by an
81% reduction in the numbers of serogroup C menin-
gococcal disease in the immunized group (from 537 in
July 1998 to April 1999 to 103 in the equivalent period
from 2001 to 2002) [277]. Vaccine efficacy has been es-
timated at 92–97% for teenagers [278–280], 92% for
toddlers [280], and 91% for infants [279], and deaths
due to serogroup C meningococcal disease fell from 67
in 1999 to 5 in 2001 [281]. In Ireland the incidence from
1999 to 2002 has fallen by 96% from 3.7 to 0.13/100,000
persons/year. In Spain the incidence from 1999 to 2001
has fallen by 58% from 0.93 to 0.39/100,000 persons/
year, despite low vaccine coverage in teenagers.

In January 2005, the Food and Drug Administration
approved serogroup A, C, Y, W-135 meningococcal
polysaccharide-protein (diphtheria toxoid) conjugate
vaccine indicated for active immunization of adoles-
cents and adults between 11 and 55 years old to prevent
meningococcal disease due to serogroups contained by
the vaccine. The employment of this vaccine in older
high school or college students will reduce the menin-
gococcus transmission and decrease the risk of menin-
gococcal disease in this age group without the concern
of inducing immune hyporesponsiveness, which is ob-
served after serogroup C meningococcal polysaccha-
ride immunization [267].

The serogroup A, C, Y, W-135 meningococcal poly-
saccharide-protein conjugate vaccine will be extraordi-
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narily useful for controlling epidemic meningococcal
disease in sub-Saharan Africa caused by serogroups A,
C and W-135 [282], outbreaks of serogroup W-135
strains related to Hajj pilgrims [283–285], and fre-
quent outbreaks of serogroup Y detected in North
America and Latin America. This vaccine will also be
useful in developed countries with a low incidence of
serogroup A, C, Y, and W-135 meningococcal disease,
administered either as a travel vaccine or as a booster
vaccine after primary immunization with serogroup C
meningococcal polysaccharide-protein conjugate vac-
cine [276].

The lack of activity against serogroup B meningo-
cocci is the main disadvantage of the vaccines currently
available in western Europe. It has not been possible to
develop serogroup B polysaccharide vaccines, even
when polysaccharide was conjugated to a carrier pro-
tein, because the specific capsular polysaccharide of se-
rogroup B induces a weak immune response [268]. This
polysaccharide is a 200-residue [ (2→8) homopolymer
of N-acetylneuraminic acid and bears an extraordinary
resemblance to the human neuronal cell adhesion mol-
ecule [286]. It is considered that this resemblance could
be responsible for the scarce immunogenicity, due to a
phenomenon of immunological tolerance caused by
developmental exposure of the fetus to cross-reactive
polysialated glycoproteins, expressed in several host
tissues. Cross-reactive, long chain polysialated glyco-
proteins are particularly plentiful in the fetal brain,
where they can be observed on the neural cell adhesion
molecule [286, 287]. Expression of this cross-reactive
polysialic acid diminishes in almost all adult tissues
[25].

The disappointing immunogenic behavior of the
specific capsular polysaccharide of serogroup B has not
only been demonstrated in those vaccinated but also in
patients surviving a recent episode of serogroup B me-
ningococcal disease and in the nasopharyngeal carriers
of strains of meningococcus of this serogroup. In all of
them it is not possible to find plasmatic concentrations
of antibodies aimed at the specific capsular polysaccha-
ride of serogroup B.

One approach is to use a conjugated chemically modi-
fied serogroup B polysaccharide capsule where the native
N-acetyl group has been replaced by the N-propionyl
group and conjugated to a protein carrier [288]. Given
that the attempts to increase the tolerance for own anti-
gens entail the risk of inducing autoimmunity, most re-
search aimed at obtaining a vaccine against serogroup B
concentrates on non-capsular antigens [267].

Promising alternative vaccines against serogroup B
meningococcal disease include the detoxified lipo-oli-
gosaccharides, surface-exposed outer membrane pro-
tein vesicles, iron regulating proteins (transferrin bind-
ing protein B), neisserial surface protein A, and com-
mensal Neisseria species. Vaccines not based on capsu-

lar polysaccharide have the advantage of avoiding the
potential risk of capsule-switching.

A B/C meningococcal vaccine, consisting of a mixture
mainly of outer membrane proteins from serogroup B
meningococci noncovalently complexed with capsular
polysaccharide from serogroup C, was developed in
Cuba. Different success rates were obtained from large-
scale trials in Chile, Cuba, and Brazil [289–292]. The
vaccine effectiveness varied extraordinarily with age,
being scarcely effective in children under 4 years old and
ineffective under 2 years old. A similar outer membrane
protein vesicle without serogroup C polysaccharide vac-
cine is also being developed in Cuba [267].

The Walter Reed Army Institute of Research pre-
pared an experimental vaccine based on outer mem-
brane proteins from serogroup B meningococci strain
(responsible for an epidemic in Iquique, Chile) nonco-
valently complexed with capsular polysaccharide from
serogroup C, with low concentration of lipopolysaccha-
ride. The effectiveness of the mass vaccination cam-
paign carried out in Iquique was 51% (ineffective in
children under 4 years old; effectiveness of 70% in the
group 5–21 years old) and the protection granted was
of short duration [293].

A vaccine based on outer membrane proteins of a
strain of serogroup B N. meningitidis was elaborated by
the National Institute of Public Health in Norway, in re-
sponse to serogroup B meningococcal outbreaks in this
country. The results of the clinical trial were so discour-
aging that it was concluded that the protection was in-
sufficient to justify its inclusion in a systematic vacci-
nation program [294]. This Norwegian institute pre-
pared a vaccine designed to combat the epidemic of
meningococcal disease due to the strain B:4:P1.7b,4
suffered by New Zealand for more than a decade. The
clinical trials began in May 2002.

A nasal vaccine, consisting of outer membrane vesi-
cles from serogroup B N. meningitidis, may induce sys-
temic and local mucosal immune responses and offers
protection against meningococcal disease in humans
[295–297].

A hexavalent recombinant PorA meningococcal vac-
cine was developed in the Netherlands at Rijksinstituut
voor Volksgezondheid en Milieu with outer membrane
proteins prepared from two strains that each express
three different PorA proteins. A trial in the United
Kingdom and the Netherlands with a Dutch outer
membrane protein vaccine (without capsular polysac-
charide) offered promising results [298, 299].

The protective immunity offered by outer mem-
brane protein vaccines is mainly directed at the highly
variable, immunodominant outer membrane proteins
[300]. Consequently, these vaccines do not elicit serum
bactericidal antibody against many heterologous me-
ningococcal strains. As outer membrane protein vac-
cines do not afford good protection in children under
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the age of 4 years either [25], the applicability of these
vaccines for routine immunization programs to de-
crease endemic serogroup B meningococcal disease
provoked by antigenically diverse meningococci is
brought into question. It is, however, possible that these
vaccines are important as an intervention to disrupt
outbreaks of disease caused by a single meningococcal
clone [296].

All the meningococcal vaccines described above
were obtained using conventional vaccine development
methodology. The vaccines developed with the conven-
tional methodology are based on attenuated live or
killed whole microorganisms, subunit microorganisms
and toxins detoxified by chemical treatment. They are
characterized by their high immunogenicity and scarce
purity. This inconvenience has been solved in the last
few decades using recombinant DNA technology to
produce subunit vaccines based on specific very puri-
fied antigens [301].

With the conventional vaccine development meth-
odology, the identification of the antigen candidate to
be transformed into a future vaccine is based on the
cultivation of a certain microorganism and subsequent
dissection into its components using biochemical, im-
munological and microbiological means. Once its indi-
vidual components have been identified and produced
in a pure form, either directly from the microorganism
or through recombinant DNA technology, the immu-
nogenicity of each component is then determined to as-
sess whether it is a candidate to be transformed into a
vaccine. This methodology requires the growth of the
pathogen in vitro (not all pathogens can be cultivated
in vitro) and only identifies those antigens that can be
obtained in the large quantities necessary to prove their
immunogenicity. Moreover, not all the antigens ex-
pressed during in vivo infection are expressed during
the in vitro culture. Therefore, the conventional meth-
odology requires much time and can fail to identify
protective antigens [302].

Technologies such as genome sequencing, in silico
analysis, proteomics technologies (two-dimensional
gel electrophoresis and mass spectrometry), DNA mi-
croarrays, in vivo expression technology and signature
tagged mutagenesis have revolutionized the approach
to vaccine design [303].

The recent genome sequencing of certain microor-
ganisms has permitted a new methodological approach
to vaccine development, in a reverse way, called reverse
vaccinology [304]. The availability of complete genome
sequences allows the identification of all proteic anti-
gens and the prediction in silico of their ability to in-
duce a protective immune response, independently of
their abundance and without the need to grow the mi-
croorganism in vitro [303].

Once the genome sequences are known, a computer
analysis is performed with the aim of predicting those

segments of DNA that code for novel antigens. Then, us-
ing in silico analysis, the genes that code for outer mem-
brane or surface exposed proteins are selected. Later,
these genes are expressed by DNA recombinant technol-
ogy. Finally, by immunogenicity testing in animal mod-
els, those proteins that have induced a better immune re-
sponse of bactericidal antibodies are selected [303].

Vaccine candidates are identified using computer
predictions. It is not necessary to culture the microor-
ganism, and the method can therefore also be applied
to microorganisms that cannot be cultured. The pro-
cess is carried out in a computer room rather than a
laboratory. The analysis of the vaccine candidates be-
gins with the virtual catalogue of all the protein anti-
gens that the microorganism can express either in vivo
or in vitro and irrespective of whether it can be ob-
tained in large quantities. Every single proteic antigen
of a pathogen can be tested for its ability to induce a
protective immune response. For this reason, the num-
ber of candidate antigens for new vaccines, identified
by reverse vaccinology, will increase considerably in
the near future [303]. The main limitation of this ge-
nome-based approach to vaccine development is the
inability to identify non-protein antigens, such as poly-
saccharides, lipopolysaccharides, glycolipids, and oth-
er CD1-restricted antigens [304].

Complete genome sequencing of N. meningitidis se-
rogroup B strain MC58 was obtained in 2000 by the
random shotgun strategy [305]. Using reverse vaccino-
logy, fragments of DNA were screened by computer
analysis in order to select putative open reading frames
(ORFs) that potentially encoded novel surface-exposed
or secreted proteins while the nucleotide sequence was
being determined [306]. The 2,272,351-base pair ge-
nome of this strain contained 2,158 ORFs, 600 of which
coded for surface-exposed or secreted proteins. These
antigens included different classes of proteins, accord-
ing to their predicted localization on the bacterial sur-
face such as outer membrane or secreted proteins, lipo-
proteins, inner membrane proteins, periplasmic pro-
teins, and proteins with homologies to bacterial factors
involved in virulence and pathogenesis [307].

The selected 600 ORFs were amplified from menin-
gococcus by PCR, and cloned into Escherichia coli in
order to express each gene. A total of 350 of them were
successfully expressed recombinant proteins, purified,
and used to immunize mice. The sera allowed the iden-
tification of proteins that are surface exposed and that
are conserved in sequence across a range of strains. Fi-
nally, sera were tested in bactericidal assay for the abili-
ty to induce complement mediated in vitro killing of
bacteria, an assay which correlates with vaccine effica-
cy in humans [307]. Ninety-one proteins were found to
be surface exposed, and 29 of them were able to induce
bactericidal antibodies by immunogenicity testing in
animal models [303]. Fifteen very promising antigens
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are under investigation and are likely to enter into vac-
cine development.

The use of reverse vaccinology allows the discovery
of previously unknown and undescribed proteins as
vaccine candidates and an understanding of their role
and function. Many of the novel outer membrane or
surface exposed proteins share homologies to known
virulence factors. Among these the newly identified an-
tigens are GNA33 (genome derived Neisseria antigen),
NadA (Neisseria adhesin A, NMB1994), GNA992, and
App (Adhesin penetration protein; GNA1985). In only a
few years reverse vaccinology has resulted in the identi-
fication of more vaccine candidates as compared to
those discovered during the previous 4 decades of re-
search [303]. What is surprising is not just the high
number of new vaccine candidates identified but also
the quality of the new proteins, which provides an opti-
mal basis for the development of an effective vaccine
against N. meningitidis serogroup B [304].

Current research into meningococcal vaccines is
aimed at improving the immunogenicity of the capsu-
lar polysaccharides by conjugation with different types
of proteins or using other components of the bacterial
surface as antigens identified by reverse vaccinology.
The final objective is to obtain a polyvalent meningo-
coccal vaccine, preferably for intranasal administra-
tion, which is highly effective and safe in all age groups,
and which offers protection against all the serogroups
of N. meningitidis which cause meningococcal disease.
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34 Septic Shock
M. Llewelyn, J. Cohen

34.1
Sepsis Terminology

This chapter is concerned with the diagnosis and im-
mediate treatment of patients with septic shock. Most
clinicians will have a mental image of this condition
and would expect to have little difficulty in recognising
it from the end of the bed, but despite this there is no
universally accepted definition. Indeed, when clinical
investigators attempt to arrive at a consensus there are
wide variations in terms. Thus, a necessary preface to
this chapter is a brief discussion of the controversy sur-
rounding the nomenclature of these syndromes.

34.1.1
Sepsis

Sepsis is the systemic response to infection, brought
about by activation of the host inflammatory processes.
The clinical features defining the ’systemic inflammato-
ry response syndrome’ (SIRS) seen in sepsis were iden-
tified at a consensus conference in 1991 [1]. The SIRS
criteria required two or more of four features to be pre-
sent: fever (or hypothermia), leucocytosis (or leucope-
nia), tachycardia, and tachypnoea. Although useful in
that it drew attention to a common clinical pattern seen
in ICU patients, SIRS has been criticised for being too
sensitive and because it embraces a wide range of pos-
sible causes. Sepsis – i.e. infection – is one cause of
SIRS, but many other non-infective processes (blood
transfusion, trauma, pancreatitis, etc.) can cause the
same clinical picture. This concern, coupled with major
advances in our understanding of the pathophysiology
of sepsis, led to a re-appraisal of sepsis definitions at a
consensus conference in 2001 [2]. This confrence re-
cognised the value of a wide range of clinical and labo-
ratory parameters in the diagnosis of sepsis but saw no
reason to change the fundamental definition.

34.1.2
Severe Sepsis/Sepsis Syndrome

These terms are used to describe sepsis associated with
organ dysfunction, hypoperfusion or hypotension [2].

Hypoperfusion abnormalities may include, but are not
limited to, lactic acidosis, oliguria, and an acute alter-
ation in mental state. Several validated scoring systems
for organ dysfunction exist for both adult and pediatric
patient populations. Such systems have provided the
basis for the inclusion criteria for most of the clinical
trials of adjunctive agents in sepsis and as such have
been the subject of much discussion. Some have argued
that organ dysfunction may in fact be a protective
mechanism in sepsis [3]. It may be that organ dysfunc-
tion is a marker of severity rather than an independent
predictor of outcome, as has been demonstrated for
sepsis related acute lung injury [4].

34.1.3
Septic Shock

Septic shock is universally recognised as the most se-
vere end of the spectrum of systemic syndromes in-
duced by infection. The late Roger Bone, one of the doy-
ens of this field, wrote “Septic shock should not be
viewed as a single entity....” [5]. In the same paper, Bone
defined septic shock as “...simply [sic] the deranged
metabolic state that arises from systemic sepsis in a hy-
potensive patient unresponsive to fluid management”.
According to the 2001 consensus conference “septic
shock ... refers to a state of acute circulatory failure cha-
racterised by arterial hypotension unexplained by oth-
er causes” [2]. In adults, generally accepted cut-offs for
arterial hypotension exist (systolic arterial pressure be-
low 90 mmHg or mean arterial pressure below
60 mmHg) but in children hypotension may be a late
sign in septic shock and prolonged capillary refill time
(>2 s) may be an earlier marker [6].

It is not our purpose here to try to resolve dilemmas
surrounding sepsis terminology, but rather to draw at-
tention to the ongoing struggle to find a true consensus
over these definitions. This has led some to suggest that
it might be better to reserve ‘sepsis’ as a conceptual
term and instead talk about specific clinical syn-
dromes, ‘severe community acquired pneumonia with
organ dysfunction’ for instance (J. Carlet, personal
communication, 2006). At a minimum, a recent con-
sensus conference agreed a series of definitions for spe-

Chapter 34



cific infections in the context of sepsis and these should
be used in future clinical trials [7]. Certainly there is
broad agreement that septic shock first implies the
presence of infection, and, secondly, describes a severe
illness in which there is a multiple organ dysfunction
and a mortality rate which may be as high as 75%. This
chapter will focus on the infectious diseases aspects of
septic shock; other elements of the management such
as cardiovascular support and monitoring are covered
elsewhere (Chapters 2, 3). We will emphasise the prac-
tical approach to the diagnosis and management of pa-
tients with septic shock, in particular strategies that are
currently available in routine clinical practice.

34.2
Epidemiology

Sepsis and septic shock have occurred with increasing
frequency during the last 20 years, much of this being
driven by an excess of hospital-acquired (nosocomial)
infections [8, 9]. Accurate estimates of incidence are
very difficult to generate. This is partly because of the
problems with the definition that were noted above but
also because of the marked variation that exists be-
tween ICUs and the inaccuracies inherent in the large
scale, retrospective analyses of survival data that such
estimates involve. Using data from the United States
National Hospital Discharge Survey, Martin et al. gave
an estimated annual sepsis incidence for the USA of
164,000 in 1979 rising nearly 9% year on year to 660,000
in 2000 [9]. In contrast Angus et al. estimated that
751,000 cases of severe sepsis occurred in the USA in
1995 [10]. Although overall mortality rates have fallen
(28% to 18% in Martin’s study) the overall incidence of
sepsis continues to rise and the total number of attrib-
utable deaths continues to increase.

The true incidence of septic shock is equally difficult
to ascertain. This is principally because individual pa-
tients with sepsis will frequently have sepsis, severe
sepsis and septic shock at different points in the clinical
course of their illness [11]. In a prospective, multicen-
tre study of infection on ICUs in Europe, Canada and
Israel, Alberti et al. reported an infection rate of 21%
among nearly 8,400 patients staying over 24 h on the
ICU. Of these patients only 18% did not meet sepsis cri-
teria, 24% had severe sepsis and 30% septic shock [12].
Annane et al. reported a rate of septic shock in French
ICUs of 9.7/100 admissions in 2000, increasing from
7.0/100 admissions in 1993. This increase in septic
shock incidence is consistent with Martin’s study which
reported an increase in the proportion of sepsis pa-
tients with multi-organ failure from 3.2% to 9% be-
tween the early 1980s and late 1990s. Implicit in the
grading of sepsis severity is a relationship with out-
come. Recent estimates of mortality associated with

septic shock remain very high and very variable,
broadly 40–70% [8, 12, 13]. This wide variation may
well relate to local epidemiologic factors: for instance, a
study in which there were a disproportionate number
of neutropenic patients would be likely to include a
large number of sepsis cases caused by Staph. epidermi-
dis, an organism of generally low virulence. In contrast,
a unit which cared for liver transplant recipients would
have relatively high rates of Candida infection, which is
associated with a much more grave prognosis [14].
Consistent with this are the data presented in Alberti’s
study demonstrating differences in mortality among
septic shock patients depending on whether their in-
fection was community or hospital acquired [12]. An-
other factor is the complex, and at times confusing, re-
lationship between bacteraemia, sepsis, and shock.
These terms are not synonymous, but in some reports
the distinction has become blurred. In the large epide-
miological study of SIRS reported by Rangel-Frausto,
positive blood cultures were found in 69% of patients
with shock but just 25% of patients with sepsis [15].
However, in patients with shock the mortality was the
same, irrespective of whether they were bacteraemic.
In contrast, a somewhat similar study reported by
Brun-Buisson et al. found that the higher mortality as-
sociated with increasing numbers of organ dysfunc-
tions (relative risk 4.4 [95% confidence interval
1.2–16]) was further increased in patients with docu-
mented infections (RR 9.4 [1.3–78]) [16].

The precise nature of the infection underlying septic
shock may further influence outcome. Cohen et al. re-
viewed data from 510 published articles documenting
>55,000 clinical infections to determine the relation-
ship between the aetiology of sepsis in terms of micro-
organism and source and sepsis outcome [17]. This
study confirmed the relationship between site of infec-
tion and outcome which has been documented previ-
ously [18, 19], specifically, that sepsis arising from the
urinary tract, intra-vascular catheter sites and skin is
less likely to be lethal than sepsis arising from pulmo-
nary, gastrointestinal and central nervous system
sources. The study also confirmed the long-held im-
pression that certain bacteria are associated with a
higher mortality across a wide range of sites of infec-
tion; S. aureus, P. aeruginosa and S. pyogenes were asso-
ciated with higher mortality than less virulent organ-
isms such as coagulase-negative staphylococci and Aci-
netobacter spp. [17]. Specific microbial virulence fac-
tors are not of course the only explanation for the rela-
tionship between particular pathogens and poor prog-
nosis. The immunological state of the host is also an
important factor. Bloodstream infection with Candida
spp. has a particularly poor prognosis and this is more
likely to relate to the immunocompromised state of
such patients and the severity of underlying disease
than to specific microbial factors.
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34.3
Diagnosis

The most important reason to make a microbiologic di-
agnosis in septic patients is to ensure that effective anti-
microbial therapy is given. There is good evidence to
support the intuitive belief that patients given appro-
priate therapy are more likely to survive than those giv-
en inadequate or inappropriate treatment [20–23]. Ob-
taining microbiologic information will also contribute
to the local epidemiological database, without which
logical prescribing is difficult, if not impossible. There
are substantial differences between intensive care units
in the microbial ecology, including for example the
prevalence of methicillin-resistant Staphylococcus au-
reus and vancomycin-resistant Streptococcus faecalis.
Antimicrobial resistance patterns, too, vary widely: ex-
amples include penicillin resistance in Streptococcus
pneumoniae, gentamicin resistance and extended spec-
trum beta-lactamase production in Enterobacteriace-
ae. Furthermore, these resistance rates are constantly
changing, and an up-to-date awareness of these pat-
terns is obviously essential when considering empiric
therapy. Finally, knowledge of the microbial aetiology
of sepsis may be important in the choice of adjunctive
therapy. This is not yet clinical reality, but will clearly
be important if, for instance, anti-endotoxin agents ev-
er enter the clinical arena.

There are three key difficulties associated with the
diagnosis of infection in patients who appear to be sep-
tic.

Establishing Infection as the Primary Cause. The
controversies surrounding the definition of sepsis have
been discussed above. Establishing that the patient has
infection rather than a non-infective cause of SIRS can
be extremely difficult. Knowledge of other pathologies
that may mimic sepsis and how they may apply to the
specific patient can make up for a relative paucity of
clinical information. The differential diagnosis of
shock due to causes other than infection includes acute
myocardial infarction, massive pulmonary embolism,
acute blood loss and anaphylaxis. Less common diag-
noses are acute hypoadrenalism, diabetic ketoacidosis
and some cases of self-poisoning. The diagnosis and
management of non-infective shock is beyond the
scope of this chapter.

Localising the Site of Infection. This may be con-
founded by the fact there are multiple pathologic pro-
cesses occurring concurrently or by the frequent use of
antibiotics which undermine microbiologic diagnosis.
Occasionally the site of infection is occult, for instance
when there is a sinusitis or deep intra-abdominal infec-
tion.

Interpreting the Microbiologic Findings. Conven-
tional microbiology has many limitations in the ICU
patient who may be septic. Principal amongst these is
the fact that many organisms isolated from non-sterile
sites may represent either colonisation of infection –
microbiology alone cannot answer this question. Con-
versely, the microbiology laboratory may report nega-
tive findings in samples from sites that are in fact in-
fected, for example because antibiotics have sterilised
the specimen.

34.3.1
Clinical Approach

Fever is a common sign on the ICU and will often be the
first indication of sepsis, although there are many other
causes [24, 25], and practice guidelines for the evalua-
tion of fever on the ICU have been published [26].

Focused clinical examination, guided by any risk
factors relevant to the individual patient, will often re-
veal potential sources of sepsis and guide subsequent
investigation (see Chapter 1). A number of clinical syn-
dromes are sufficiently characteristic clinically to point
to a specific diagnosis. For example, ecthyma gangre-
nosum, characterised by haemorrhagic, bullous lesions
in the context of neutropenic sepsis is characteristic of
Pseudomonas aeruginosa or sometimes E. coli sepsis.
Purpura fulminans although characteristic of menin-
gococcal sepsis may be seen in severe sepsis of other ae-
tiologies, particularly pneumococcal sepsis. The pres-
ence of generalised erythema, conjunctival injection
and mucositis may indicate staphylococcal or strepto-
coccal toxic shock syndrome. Surgical and traumatic
wounds should be exposed and examined for signs of
infection. Particular attention should be paid to vascu-
lar access sites for signs of phlebitis or cellulitis and to
pressure areas or injection sites for evidence of soft tis-
sue infection. Evidence of sinusitis should be sought,
and fundoscopy is invaluable in detecting candidal en-
dophthalmitis, a pathognomonic feature of systemic
fungal sepsis. Urine in the catheter may be frankly pu-
rulent, and the presence of diarrhoea may indicate
Clostridium difficile associated colitis. The importance
of repeated, complete physical examination to detect
the emergence of new signs cannot be overstated.

34.3.2
Diagnostic Microbiology

Microbiological aspects of infection at specific sites are
dealt with in the preceding chapters in this section.
Blood cultures are considered below; a more detailed
account of the microbiological investigation of sepsis is
available [27].

Blood should be obtained for culture whenever
there is reason to suspect a clinically significant bacte-
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raemia. There are no good data that relate timing of
blood cultures with respect to timing of fever. Never-
theless, bacteria are rapidly cleared from blood, and
development of fever usually follows an episode of bac-
teraemia by 30–90 min, so blood cultures should be
taken as soon as possible following a spike of fever.

When a decision has been made to take blood for
culture, adherence to a protocol for obtaining the speci-
men results in lower contamination rates and will also
affect yield. Skin should be sterilised prior to venepun-
cture by swabbing twice with either 70% isopropyl or
ethyl alcohol or with an iodine containing solution
[20]. Blood should be obtained by venepuncture or if
necessary arterial stab. Sites associated with skin con-
tamination (e.g. femoral site) or loss of skin integrity
(e.g. dermatological disease) should be avoided. Con-
tamination rates are not significantly higher for blood
obtained through a peripheral cannula at the time of
insertion and this is acceptable as a means of minimi-
sing the number of venepunctures.

An adequate volume of blood must be obtained. The
concentration of bacteraemia in adult patients is fre-
quently below one viable organism per millilitre and
may be less than 0.1 organisms/ml, so it is not surpris-
ing that the volume of blood obtained for culture is an
important variable determining culture yield. In
adults, a minimum sample size of 10 ml will optimise
yield while increasing the volume above 30 ml is not as-
sociated with significantly improved culture rates [28].

In bacteraemia associated with sources other than
endocarditis, sensitivity exceeding 90% is reached with
either two or three cultures. The taking of only one cul-
ture is rarely desirable. Since the rate of contamination
of an individual set of blood cultures is finite, ranging
from 1% to 4.6%, interpretation of a single isolate of a
potentially contaminating organism may be exceeding-
ly difficult. When clinically significant bacteraemia is
suspected, two or three sets of cultures should be ob-
tained by individual venepunctures. There is no advan-
tage in waiting between them.

34.3.3
Non-specific Markers of Infection

Traditional markers of infection such as neutrophilia
are too non-specific in the ICU setting to be of value in
distinguishing sepsis, although marked neutrophilia or
failure to mount a neutrophil response may be of prog-
nostic value. Amongst the biomarkers of inflammation
and infection which have been reported, C-reactive
protein (CRP) and procalcitonin (PCT) have been most
widely studied and are available as relatively cheap
commercial assays. Both assays have been shown in nu-
merous trials to have useful sensitivity and specificity
in differentiating infection from other causes of an in-
flammatory response. Studies comparing CRP and PCT

as markers of infection have recently been the subject
of a meta-analysis [29]. This confirmed that while in
most studies PCT is superior to CRP in differentiating
bacterial infection from non-bacterial causes of in-
flammation the cut-offs applied vary markedly in dif-
ferent patient populations and in no setting are the sen-
sitivities and specificities perfect. A recent comparison
of the diagnostic value of PCT in medical or surgical
patients with septic shock demonstrated this clearly
[30]. Cut-offs of 1 ng/ml and 6 ng/ml were required to
yield sensitivities/specificities of 91.7/74.2% and 76%/
72.7% in medical and surgical patients respectively.
There was a positive correlation of PCT level with ad-
verse outcome as has been reported previously [31] but
in this study this relationship was only apparent in
medical, not surgical patients. In terms of assessing
prognosis, the time course of changes in PCT may be
more telling than a single point value [32]. Against the
slightly better discriminatory power of PCT compared
with CRP needs to be set the assay costs (PCT costs
about twice as much per test) and the more robustly es-
tablished biology of CRP which makes interpretation of
levels in individual patients somewhat more straight-
forward [33]. Neither CRP nor PCT alone can differen-
tiate sepsis from other causes of SIRS, and they should
certainly never be used as the sole basis of a decision to
use, or not to use, antibiotics in a patient who may be
septic. Rather, they are a part of a systemic evaluation
that includes clinical examination and directed diag-
nostic techniques. Measurement of PCT or CRP is often
most valuable when done sequentially in an individual
patient as an aid to following the response to treatment,
or as an indicator that a focus of infection remains in-
adequately treated.

The possibility that direct measurement of circulat-
ing endotoxin could be used as a marker of sepsis has
been the subject of long and thorough examination.
Most studies have used the chromogenic limulus ame-
bocyte lysate (LAL) assay. This has been widely used to
detect endotoxin contamination of drugs and fluids;
however, biological samples may contain inhibitors of
the LAL reaction and fungal elements may give rise to a
false positive LAL reaction [34]. However, using this as-
say, rates of endotoxaemia ranging from 33% to 92%
have been reported in sepsis patients [35–39]. Al-
though some studies have suggested a correlation with
severity, endotoxin levels measured by LAL assay do
not show good correlation with sepsis outcome. Mar-
shall et al. recently described the measurement of en-
dotoxaemia in ICU patients using a novel, rapid, whole-
blood endotoxin assay based on neutrophil-dependent
chemoluminescence [40]. Endotoxaemia was detected
in the blood of 57.2% of patients on the day of ICU ad-
mission and although good correlation of endotoxin
level with severity was observed, again endotoxin level
did not predict outcome. Although the sensitivity
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Table 34.1. Potential future biomarkers of sepsis

Marker Ref.

sTREM (soluble
triggering recep-
tor expressed on
myeloid cells)-1

Expressed by neutrophils and
macrophages infected by bac-
teria or fungi. Plasma levels
>60 mg/l indicate infection in
patients with SIRS

[41]

Naturetic
peptides

Brain and atrial naturetic
peptide levels show correla-
tion with severity and prog-
nosis

[42, 43]

Monocyte HLA-
DR expression

Downregulation of expression
is an early marker of sepsis
but data are contradictory on
specificity and prognostic im-
plications

[44]

High Mobility
Group Box-1 pro-
tein (HMGB1)

Late, macrophage expressed,
proinflammatory mediator.
Data are conflicting as to
whether levels correlate with
poor prognosis

[45, 46]

(85.3%) and specificity (44.0%) of the assay for detect-
ing gram negative sepsis were relatively poor, only
1.2% of patients with a low endotoxin level had gram
negative infection and only 5.2% had infection with
any organism. The authors propose that the value of the
investigation of endotoxaemia on the day of admission
to ICU may thus lie in its high negative predictive value
for bacterial infection (and not exclusively gram nega-
tive infection) [40]. Nevertheless, at present there is no
place for routine measurement of endotoxin levels in
sepsis patients.

There has been a profusion of reports in the last
5 years of biomarkers with the potential to perform bet-
ter than CRP or PCT in differentiating sepsis from non-
infective SIRS, determining prognosis and stratifying
patients for entry into clinical trials. Although none has
yet advanced to clinical practice, some of the most
promising are summarised in Table 34.1.

34.4
Management
34.4.1
General Principles

The immediate priority is to address the three poten-
tially life-threatening issues: airway, breathing and cir-
culation (the so-called ABC of resuscitation). There is
now a clear consensus that cardiovascular resuscita-
tion, involving fluids and in many cases vasopressors,
should begin immediately septic shock is diagnosed
and not be delayed until ICU admission. This has aris-
en out of two observations. First, that only around one-
third of patients who develop sepsis do so on the ICU,
while one-third develop sepsis elsewhere in the hospi-

tal and one-third outside hospital [12]. Secondly, the
impressive survival benefit reported by Rivers et al. to
arise from the delivery of ‘goal-directed therapy’ (GDT)
to sepsis patients at the point of diagnosis [47]. This
study used central venous oxygen saturations (>70%)
as an end-point to guide cardiovascular resuscitation
including administration of packed red cells and dobu-
tamine. Detailed consideration of the physiological as-
sessment of patients with sepsis can be found in Chap-
ter 2. Finally, it is a sound principle of management that
where there is a closed or contained focus of infection,
such as an abscess, every effort is made to drain and/or
remove it, as soon as it is safe and appropriate to do so.
This principle is referred to as source control and is dis-
cussed in the various specific situations in which it ap-
plies in Sections IV and VI.

34.4.2
Antimicrobial Therapy

Antimicrobial therapy is self-evidently a cornerstone of
the management of septic shock. For a more detailed
systematic review of the literature on this subject since
1966 the reader is referred to reference [48]. The Sur-
viving Sepsis Campaign recommends that ‘intravenous
antibiotic therapy should be started within the first
hour...’ [49]. Although randomised clinical trial data to
support this practice do not exist and ethically could
not be generated, there is no reason not to extrapolate
from the clear survival benefit associated with early an-
tibiotic therapy observed in animal sepsis models [50].

It is worth re-emphasising that there is now a sub-
stantial body of data supporting the, probably intuitive,
view that patients who receive antibiotics which are ac-
tive against the infection which is driving sepsis are less
likely to die than those who receive ineffective empiric
antibiotic therapy. Evidence for this comes from a se-
ries of studies dating back over 30 years and exempli-
fied by a paper from Kreger et al. [20]. They analysed a
cohort of 612 patients with gram negative bacteraemia
collected over a 10-year period. Irrespective of the se-
verity of the underlying disease, proper empirical ther-
apy reduced by half the frequency with which shock de-
veloped, and the fatality rate was significantly less in
the appropriately treated groups compared to those
given inappropriate antibiotics (rapidly fatal: 29% vs.
77%, ultimately fatal 26% vs. 38%, nonfatal 11% vs.
29%). Although modern antibiotics used on the ICU
generally have much wider spectra of action than
30 years ago, the spectrum of bacteria causing sepsis
has also changed and antimicrobial resistance is of
course a much bigger factor. Recent studies do confirm
the earlier data [21–23]. In a prospective observational
study of 492 bacteraemic patients on a mixed medical
and surgical ICU, Ibrahim et al. observed that 29.9%
received ‘inadequate’ antimicrobial treatment, most
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frequently for VRE, candida and methicillin resistant
staphylococci [23]. Highly significant correlations were
found between inadequate treatment of infection by
each of these organisms and mortality. The overall
mortality rate in patients who received ‘adequate’ treat-
ment was 28.4% compared with 61.9%. This represents
a reduction in risk of death which, at 2.18, dwarfs the
impact made by the novel adjunctive treatments of sep-
sis discussed below. Data such as these show clearly
that having a single, ‘standard antibiotic regimen’ for
all cases of septic shock is no more logical than it would
be to use a single drug for all cardiac dysrhythmias. The
difficulty with sepsis however is that while an electro-
cardiogram will quickly identify the nature of the
rhythm, microbiological diagnosis will usually be de-
layed 12–18 h. However, empiric therapy need not
mean ‘blind’ therapy, as it has sometimes been called.
Several factors will inform choice of empiric therapy.
The focus of the infection for example will be a critical
piece of information. When a patient is presumed to be
septic secondary to nosocomial pneumonia, intra-ab-
dominal sepsis or urosepsis for instance, antibiotic
choice will be dictated by the local flora related to those
sites. Detailed recommendations for the choice of anti-
biotics will be found in Section II of this book. Here we
will restrict the discussion to the initial empiric antibi-
otic choice in patients with septic shock who are pre-
sumed to be bacteraemic and/or in whom the focus of
infection is not certain.

Consideration of four simple questions will provide
much valuable guidance:

1. What is the history and clinical setting? For exam-
ple, what is the patient’s occupation? (sewer work-
er, garbage disposal, etc.) Is this a post-operative
infection, and if so, was it a thoracic, intra-abdomi-
nal or pelvic procedure? Was the bowel breached?
Is there a history of trauma? Are there any other
clues to the likely focus?

2. Is this a nosocomial or community-acquired infec-
tion? Where was this infection most likely ac-
quired? Is there a history of travel? In certain areas
of the world, primary resistance rates of common
pathogens are so high that first line antibiotics can-
not be trusted. The marked variation in rates of
resistance of Streptococcus pneumoniae would be
an important example of this.

3. What is the underlying disease, if any? Is the
patient neutropenic, or on dialysis?

4. What is the recent microbiologic and antibiotic
history? Although one cannot be certain that recent
isolates are necessarily the cause of the current epi-
sode of sepsis, it is obviously important to be aware
if the patient is colonised with Pseudomonas aeru-
ginosa or methicillin-resistant Staphylococcus aure-
us, for instance. It is also helpful to know the recent

antibiotic history, in part because one must assume
that whatever is causing the current infection is
presumably resistant to those drugs, but also be-
cause it may raise the possibility of fungal infec-
tion.

This basic information can be assembled quickly and
will allow the choice of a suitable regimen. Rarely, the
clinical picture is so unambiguous that specific therapy
can be given immediately: benzyl penicillin for menin-
gococcaemia, for instance. In general though, a broad
spectrum regimen must be chosen.

Adequate cover against gram negative bacteraemia
is essential, and can be achieved with a broad spectrum
cephalosporin, carbapenem, quinolone or extended
spectrum penicillin/beta-lactamase inhibitor combi-
nation such as piperacillin/tazobactam. A key question
is whether these agents can be used alone or should be
combined with an aminoglycoside. Certainly there are
in vitro data which suggest synergy between beta-lac-
tams and aminoglycosides against gram negative or-
ganisms. Furthermore aminoglycosides might broaden
the antimicrobial spectrum and prevent emergence of
resistance during therapy. A recent Cochrane review
identified 64 trials, including 7,586 patients, which
have compared beta-lactam monotherapy with beta-
lactam aminoglycoside combination therapy in sepsis
[51]. None addressed septic shock specifically. No sur-
vival or treatment outcome benefit was found in pa-
tients treated with aminoglycoside combination thera-
py but nephrotoxicity was three times more common.
Of note, even in subgroup analysis of patients with uri-
nary tract sepsis or Pseudomonas aeruginosa infection
no benefit was found. It seems reasonable then to con-
clude that in patients with severe sepsis, treatment with
a broad spectrum cephalosporin (such as cefotaxime or
ceftazidime) or a carbapenem (e.g. imipenem, merope-
nem) is likely to be equally effective and less toxic than
combination therapy including an aminoglycoside
[48].

The empiric antibiotic regimen chosen in septic
shock should always include cover for gram positive
pathogens since gram positive bacteria have now sur-
passed gram negative bacteria as aetiological agents of
sepsis [9]. Many broad spectrum agents such as carba-
penems, and third generation cephalosporins have ex-
cellent gram positive activity; however if the consider-
ations listed above suggest that the patient is at risk
from sepsis caused by methicillin resistant S. aureus
(MRSA) or S. epidermidis, penicillin resistant S. pneu-
moniae or the patient has a history of immediate hyper-
sensitivity to beta-lactam agents, it may be necessary to
consider additional agents such as glycopeptides or li-
nezolid (an oxazolidinone). In localities and individual
hospitals where rates of MRSA sepsis are high, inclu-
sion of a glycopeptide in regimens for empiric manage-
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ment of sepsis has become routine; however the use of
glycopeptides either as empiric monotherapy or in
combination with drugs which lack activity against
staphylococci is undesirable in view of data which sug-
gest that glycopeptides are less effective anti-staphylo-
coccal drugs than beta-lactams [52, 53]. Partly because
of a widely held perception that treatment of S. aureus
infection with glycopeptides is associated with poor
outcome there has been considerable interest in the
possible use of linezolid as an alternative in empiric
regimens for sepsis. Comparative trials of regimens
containing linezolid or a glycopeptide have been per-
formed in hospital acquired pneumonia and severe soft
tissue infection and have consistently shown equiva-
lence [54–57]. In a retrospective subgroup analysis of
patients with nosocomial MRSA pneumonia, Wunder-
link et al. demonstrated improved survival associated
with linezolid [60/75 (80%)] compared with vancomy-
cin [54/85 (64%)] [58]. Against this report attesting to
the clinical superiority of linezolid must be set con-
cerns about the development of resistance and toxicity.
The mechanism of linezolid resistance involves sponta-
neous mutation in the 23S rRNA. Multiple copies of this
23S rRNA gene exist in most bacterial species and resis-
tance correlates with the proportion of the copies car-
rying the resistance mutation [59]. The development of
resistance to linezolid during therapy is therefore both
biologically plausible and has already been reported in
the clinical setting [60, 61]. It is striking that after near-
ly half a century of widespread glycopeptide use, staph-
ylococci with clinically relevant resistance to glycopep-
tides remain thankfully rare. In addition, although the
toxicities associated with glycopeptide use are not trivi-
al they are at least well known and predictable. The
side-effects of linezolid are still being defined, particu-
larly in terms of neurotoxicity and bone-marrow toxici-
ty. For all these reasons there is no rationale for moving
away from glycopeptides in the empiric management of
sepsis where bacteria resistant to beta-lactams are con-
sidered likely or where the patient is allergic to beta-
lactams. Linezolid should be reserved for patients who
are hypersensitive to glycopeptides or where vancomy-
cin resistant enterococci are considered to be potential
aetiological agents.

Anaerobic bacteria usually occur as part of a mixed
infection and rarely cause shock alone. Nevertheless,
antibiotics active against anaerobes are usually includ-
ed in regimens in which anaerobic bacteria might be
implicated. As a general rule, metronidazole should be
used for infections arising below the diaphragm and
clindamycin or a penicillin/beta-lactamase inhibitor
combination such as amoxicillin/clavulanate for anaer-
obic chest infections.

Fungi are assuming ever greater importance on the
ICU, and Candida spp. in particular are occasionally
isolated from the blood of patients with septic shock. It

Table 34.2. First-line empiric antibiotic regimens suitable for
patients with presumed septic shock in whom the primary site
of infection is not apparent

Broad spectrum cephalosporina (metronidazole can be
added for suspected intra-abdominal infections)

Piperacillin/tazobactam (vancomycin can be added for
suspected MRSA)

Vancomycin plus ciprofloxacin (metronidazole added for
suspected intra-abdominal infections)

General comments: Several other drugs and alternative regi-
mens exist which are equally appropriate. The lack of good
RCT data means that these are only illustrative recommenda-
tions. Nevertheless, it is probably helpful to become familiar
with just a small number of selected drugs and regimens rather
than try to memorise many equally effective alternatives.
These regimens are not intended for circumstances in which
the clinical findings point clearly to a specific infection, e.g.
meningococcal sepsis, necrotising fasciitis. Recommendations
for these infections will be found in the relevant chapters of
this book. Specialist infectious diseases/microbiological ad-
vice should be sought at an early stage, and particularly if an
unusual or opportunistic infection is a possibility
Notes: a In patients with septic shock broad spectrum cephalo-
sporins such as cefotaxime are preferable to commonly used
second generation cephalosporins such as cefuroxime. If cover
against Pseudomonas spp. is needed, then use ceftazidime

would be unwise to use an anti-fungal agent as the only
empiric agent in a patient with septic shock, but in se-
lected cases (for instance, neutropenic patients who
had received extended courses of antibacterials and
who were known to be colonised with Candida) the ad-
dition of an anti-fungal would be reasonable. Flucon-
azole is an attractive choice because of its lack of toxici-
ty and ease of use; the potential disadvantage is that a
few non-albicans Candida spp. have diminished sensi-
tivity. A reasonable approach is to use a relatively high
initial dose of 400–800 mg/day.

In summary then, there are no prospective, rando-
mised controlled clinical trials that compare different
empiric treatment strategies specifically in patients
with septic shock, and recommendations must there-
fore be based on data drawn from other settings.
Choice of the correct initial antibiotic regimen is asso-
ciated with a better outcome, and under these circum-
stances it will rarely be possible to treat a patient with
septic shock with a single drug. A summary of some
suitable regimens is provided in Table 34.2.

34.4.3
Adjunctive Therapy
34.4.3.1
Steroid Therapy

Immunosuppressive doses of corticosteroids have been
thoroughly evaluated as adjunctive therapy for septic
shock. Used in this way steroids are of no benefit and
quite possibly have harmful effects such as an increased
rates of bacterial superinfection [62, 63]. Nevertheless
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patients with septic shock frequently have poor adre-
nocortical function [64]. On this basis, a series of ran-
domised controlled trials of replacement dose cortico-
steroid therapy have been performed and have recently
been the subject of a meta-analysis [65]. In this study
Annane et al. demonstrated that while no overall mor-
tality benefit was apparent amongst 16 randomised
controlled trials of corticosteroid therapy, in five trials
[66–70] of long course (5 days) low dose (<300 mg hy-
drocortisone or equivalent) corticosteroid therapy a
clear-cut survival benefit is present (relative risk of
death 0.8 (0.67–0.9) at 28 days. Corticosteroids used in
this way are also associated with increased rates of
shock reversal in sepsis. There are still several areas of
contention here though. Although around 50% of sep-
tic shock patients will have adrenal insufficiency as evi-
denced by a blunted response to adrenocorticotropic
hormone challenge there is no consensus that this ade-
quately defines adrenal insufficiency in patients with
septic shock. Indeed, one view is that low dose steroids
may be effective in shocked patients but that the mech-
anism of action is unrelated to the concept of adrenal
insufficiency. The difficulty however is that in Annane’s
study, patients who did not have evidence of adrenal in-
sufficiency showed no evidence of benefit. Further-
more, the need to add fludrocortisone (as in the origi-
nal study [68]) has never been confirmed. Finally, al-
though these ‘low dose’ steroid regimens are widely
perceived to be safe, and indeed rates of adverse events
in the clinical trials have been low, there are some
emerging concerns relating both to herpes virus reacti-
vation and steroid-induced myopathy resulting in diffi-
culty in weaning [71, 72]. Although not yet fully avail-
able, preliminary data from the recently completed
CORTICUS have now been presented (ref.). It appears
that the CORTICUS data will not confirm a survival
benefit associated with replacement-dose hydrocorti-
sone, irrespective of adrenal function assessed by adre-
nocorticotropic hormone challenge, but that a decrease
in time to shock reversal was observed. The role of low
dose steroid regimens remains not fully defined, and
this is reflected in the Surviving Sepsis Campaign (SSC)
recommendation that is graded as C [49].

34.4.3.2
Insulin Therapy

Patients on the ICU frequently develop insulin resis-
tance and hyperglycaemia. This has been generally re-
garded as a protective response to stress and historical-
ly hyperglycaemia was only treated on the ICU when
levels exceeded around 12 mmol/l (~220 mg/dl). In a
randomised controlled trial of tight glycaemic control
in patients on a surgical intensive care unit Van den
Berghe et al. demonstrated a 3.6% absolute (34% rela-
tive) reduction in mortality among patients subject to

control of blood sugar between 80–110 mg/dl [73]. In
view of the low control group mortality in these pa-
tients a study in medical ICU patients was performed
[74]. This study failed to show a reduction in overall
mortality but subgroup analysis revealed interesting
differences. The study recruited patients with a pre-
dicted length of stay (LOS) on the ICU of over 3 days;
however only 767 of 1,200 patients recruited actually
stayed on the ICU 3 days. Among these patients mortal-
ity was significantly reduced by intensive glycaemic
control (43% vs. 52.5%, p=0.009). Patients with a LOS
<3 days had an increased mortality (27% vs. 19%).
This may have been due to a failure of randomisation in
the study but may also be a true effect. In an observa-
tional study of outcome on a mixed medical ICU before
and after institution of a protocol for tight glycaemic
control (<140 mg/dl), Krinsley et al. demonstrated a
6.1% absolute (29% relative) reduction in mortality
[75]. None of these studies has directly addressed pa-
tients with septic shock but in subgroup analysis of the
Krinsley study the benefit in patients with septic shock
appeared greater than in the whole study population. It
seems reasonable to conclude from these data that pa-
tients with septic shock should receive insulin therapy
to control blood glucose. At the current time no good
data exist to determine the optimal target glucose or
the optimal method for achieving and monitoring this
target to avoid hypoglycaemia. Significant rates of hy-
poglycaemia have been associated with the 80–110 mg/
dl target [74] and on the basis of the currently available
data the use of a continuous insulin infusion to achieve
blood glucose levels of <150 mg/dl seems reasonable
but further randomised controlled trials are underway
and should report in the near future. The SSC grades
the evidence in favour of tight glycaemic control as lev-
el D [49]. This grading is likely to be upgraded on the
basis of the evidence outlined above.

34.4.3.3
Activated Protein C

Early and rapid activation of coagulation is a feature of
systemic infection. Coagulopathy, manifested as dis-
seminated intravascular coagulation, depletion of anti-
coagulant factors such as protein C and a bleeding di-
athesis, is a well recognised complication of severe sep-
sis. With the additional recognition that many coagula-
tion factors also have pro-inflammatory activity, clot-
ting pathways have become a major target for sepsis in-
tervention. Although phase III clinical trials of anti-
thrombin III and tissue factor pathway inhibitor failed
to demonstrate survival benefit in sepsis [76, 77], the
PROWESS trial of recombinant human activated Pro-
tein C (rhAPC) or drotecogin alfa activated (Xigris® Eli
Lilly) demonstrated reduced 28-day all cause mortality
in severe sepsis (24.7% vs. 30.8%, p=0.005) [18]. Sub-
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sequent analysis of the PROWESS data has demonstrat-
ed that survival benefit was greatest in patients with
more severe disease [78]. On the basis of this single trial
both the US Food and Drug Administration (FDA) and
the European Evaluation of Medicinal Products Agency
(EMEA) approved the drug for use in severe sepsis. Ex-
trapolating from the PROWESS data, both the FDA and
the EMEA licensed rhAPC for use in severe sepsis only
in patients considered to be at high risk of death. Dif-
ferent indicators of risk were chosen by the different
agencies; the FDA approval uses an APACHE II score
>25 and the EMEA the presence of two or more organ
dysfunctions. The decision to licence rhAPC on the ba-
sis of a single randomised controlled trial is problemat-
ic as it makes further placebo controlled trials in a com-
parable patient group ethically difficult to undertake.
The SSC recommendation for use of rhAPC in sepsis
patients at high risk of death is, on this basis, only a
grade B recommendation [49]. The ADDRESS study
specifically sought to determine whether patients with
severe sepsis, at low risk of death, benefit from rhAPC
[79]. Patients with severe sepsis and either single organ
failure or APACHE II score <25 were randomised to re-
ceive rhAPC or placebo. The trial was stopped at inter-
im analysis when data on 2,613 patients were analysed,
because of the low likelihood of a mortality benefit be-
ing detected. Investigators who have concerns about
the validity of the PROWESS data point out that there
was no evidence of efficacy in the subset of patients in
ADDRESS who would have qualified for treatment in
PROWESS, thereby failing to provide independent ver-
ification of the PROWESS data [80]. However, further
supportive evidence of the efficacy of rhAPC comes
from the prospective, open-label ENHANCE trial
which analysed data on 2,375 patients with severe sep-
sis treated with rhAPC [81]. Mortality rates were simi-
lar to those found in patients who received rhAPC in
the PROWESS trial. Furthermore early treatment
(<24 h from sepsis onset) was associated with better
outcome (odds ratio 0.782, 95% CI=0.643–0.951). The
SSC recommendation that the evidence supporting
rhAPC use be graded as B reflects the very considerable
differences of opinion that exist among academic inves-
tigators in their assessment of the strength of the evi-
dence in favour of its use. At the present time it seems
reasonable to recommend that patients with severe
sepsis at high risk of death should receive rhAPC unless
relative or absolute contraindications exist which the
attending clinician feels out-weigh the potential benefit
of rhAPC. National and local definitions of the indica-
tions and contra-indications for rhAPC should be in
place to ensure quality of care and allow valid compari-
sons of outcome to be made.

34.5
Future Developments

Practice guidelines for the treatment of sepsis are
evolving rapidly. Further large clinical trials evaluating
steroid use and insulin therapy are already in progress
and will help to better define the use of these strategies.
Several large phase III trials of other new adjunctive
agents will report in the next few years; these include
agents such as eritoran, an LPS antagonist analogue of
lipid A, which produced very encouraging results in a
phase II trial [82], TAK-242, a small molecule inhibitor
of TLR4 [83] and TAK-242. Looking further forward,
there are intriguing epidemiological data suggesting
that statin use may protect patients who develop sepsis
which may be extended to therapeutic trials [84]. Final-
ly there is considerable interest in genetic profiling to
identify high risk patients and in real-time immuno-
logical assessments to guide therapy [85]. It looks cer-
tain that this will remain an area of rapid change and
exciting developments for the foreseeable future.
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35Tracheobronchitis in the Intensive Care Unit
L. Morrow, D. Schuller

35.1
Introduction

Tracheobronchitis can be broadly defined as inflamma-
tion of the airways between the larynx and the bronchi-
oles. Clinically, this syndrome is recognized by an in-
crease in the volume and purulence of the lower respira-
tory tract secretions and is frequently associated with
signs of variable airflow obstruction. In the intensive
care unit (ICU), tracheobronchitis is a relatively com-
mon problem with an incidence as high as 10.6% [1].
Although tracheobronchitis is associated with a signifi-
cantly longer length of ICU stay and a prolonged need
for mechanical ventilation, it has not been shown to in-
crease mortality. These outcomes can be improved
through the use of antimicrobial agents [1].

Tracheobronchitis results from two dominating pro-
cesses: colonization of the oropharynx and its contigu-
ous structures (dental plaque, the sinuses, the stomach)
by potentially pathogenic organisms and aspiration of
contaminated secretions from these anatomic sites [2].
Mechanically ventilated patients are particularly at risk
for tracheobronchitis given the presence of an endotra-
cheal tube. These devices contribute to the pathogene-
sis of tracheobronchitis (and pneumonia) in a variety
of manners: bypassing natural host defenses, acting as
a nidus for biofilm formation, allowing pooled secre-
tions and bacteria to leak around the cuff and into the
trachea, damaging the ciliated epithelium and reducing
bacterial clearance directly or via frequent suctioning
to maintain airway patency [3, 4].

In contrast to nosocomial pneumonia, nosocomial
tracheobronchitis does not involve pulmonary paren-
chyma and, thus, does not cause radiographic pulmo-
nary infiltrates. However, high quality portable chest
radiographs may be difficult to obtain in the ICU,
where poor patient cooperation, inconsistent tech-
nique and other obstacles lead to suboptimal studies
[5]. Furthermore, common processes such as atelecta-
sis, pulmonary edema, or pleural effusions can cause
infiltrates that mimic pneumonia making the clinical
distinction between pneumonia and tracheobronchitis
difficult [6].

35.2
Bacterial Tracheobronchitis

Bacterial infection is the most common cause of infec-
tious tracheobronchitis in the ICU. Infectious tracheo-
bronchitis is clinically diagnosed when a patient devel-
ops fever, purulent respiratory secretions, and leukocy-
tosis but the chest radiograph shows no new infiltrate
[7]. Tracheobronchitis is “microbiologically con-
firmed” when a patient with clinically diagnosed tra-
cheobronchitis yields culture specimens that identify a
causative pathogen at appropriately high densities.
When a patient lacks fever or leukocytosis (or if culture
specimens reveal few organisms) the differentiation
between colonization and infection is difficult and con-
troversial. Furthermore, the significance of tracheo-
bronchial colonization as a risk factor for subsequent
lower respiratory tract infection remains unclear.

Alterations in the oropharyngeal flora of the hospi-
talized host have been associated with several factors
including age, severity of acute illness, comorbid
chronic illnesses, and duration of hospitalization
[8–10]. One study of outpatients with chronic trache-
ostomy concluded that although these patients were
routinely colonized with massive amounts of potential-
ly pathogenic bacteria, rates of severe respiratory tract
infections were low [11]. However, hospitalized pa-
tients with a tracheostomy or a translaryngeal endotra-
cheal tube have higher rates of tracheobronchial colo-
nization (especially with gram-negative enteric bacte-
ria and Pseudomonas aeruginosa) and nosocomial
pneumonia [8, 12–15].

The upper airways and proximal tracheobronchial
tree provide a mechanical barrier function and a muco-
ciliary mechanism for removing particulate matter and
microbes that have been deposited within the respira-
tory tract. The effectiveness of mucociliary clearance
depends on the composition of airway secretions, the
function of the mucociliary escalator apparatus, and
the presence of an effective cough reflex [16]. Artificial
airways promote both colonization and the subsequent
development of tracheobronchitis or pneumonia as
they provide direct access for bacteria to the lower re-
spiratory tract, reduce the effectiveness of cough re-
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flexes, and compromise the mucociliary escalator [17,
18]. Furthermore, endotracheal tube insertion and suc-
tioning may cause tracheal epithelial cell damage al-
lowing bacterial adherence and increased mucus secre-
tion and stagnation [19, 20]. Respiratory therapy de-
vices, including medication nebulizers, ventilator spi-
rometers, and ventilatory circuits with their attendant
condensate, may play roles in harboring and transmit-
ting bacteria [21,22].

While colonization with gram-positive organisms
occurs, gram-negative bacilli are much more common
colonizers in ICU patients with many studies showing
Pseudomonas species as the most prevalent organism
[1, 23–26]. While there are no useful parameters to re-
liably predict which colonized patients will develop in-
fectious tracheobronchitis, it is clear that tracheobron-
chitis often develops in patients with tracheobronchial
colonization. In one study, 7 of 15 patients with a
chronic tracheostomy were colonized with various
Pseudomonas species: all seven of them subsequently
developed an episode of purulent tracheobronchitis
[27]. George et al. found that tracheal colonization was
a significant independent risk factor for VAP and could
be documented in 93.5% of VAP cases [28]. The rela-
tionship between infectious tracheobronchitis and
nosocomial pneumonia is not well defined. One rela-
tively small study found that tracheobronchitis was not
a risk factor for subsequent pneumonia [1].

Although aerobic enteric gram-negative bacilli as a
group account for the majority of respiratory infections
in ventilated patients, Staphylococcus aureus is one of
the most common individual pathogens and accounts
for ~20% of nosocomial respiratory infections. S. aure-
us is found in the nasopharynx in 20–40% of healthy
adults and the carrier rate can be as high as 70% in hos-
pitalized patients. Patients with structural lung dis-
eases, such as cystic fibrosis or chronic obstructive pul-
monary disease, frequently have tracheobronchial col-
onization with S. aureus. The emergence of nosocomial
methicillin-resistant strains of Staphylococcus aureus
(MRSA) and community-acquired MRSA poses a
unique therapeutic problem. Infection with this patho-
gen is not limited to nosocomial pneumonia but also
has been reported to cause fulminant tracheobronchi-
tis [29]. MRSA tracheobronchitis may present as pseu-
domembranous lesions, clinically mimicking the pre-
sentation of fungal tracheobronchitis (see below) [30].

Another important nosocomial pathogen that op-
portunistically infects ICU patients with impaired host
defenses is Acinetobacter baumannii. In addition to
causing tracheobronchitis and pneumonia, other infec-
tious syndromes attributable to A. baumannii include
endocarditis, peritonitis, skin and soft tissue infection,
urinary tract infection, and bloodstream infection. A.
baumannii infections have been linked to contaminat-
ed respiratory therapy equipment, intravascular access

devices, and transmission via hands of hospital person-
nel [31]. Seifert and coworkers observed that tracheo-
bronchitis was the presumed portal of entry for noso-
comial A. baumannii bacteremia in 19 of 87 (22%) epi-
sodes. This study also confirmed the results of other
studies suggesting that the major determinants for de-
veloping A. baumannii bacteremia included treatment
in an intensive care unit, major surgery, mechanical
ventilation, total parenteral nutrition, broad-spectrum
antimicrobial therapy, and the presence of intravascu-
lar catheters [32]. This organism’s routine association
with multi-drug resistance results in mortality rates as
high as 46% [33, 34].

While Mycoplasma pneumoniae infection is best
known for producing atypical pneumonia in young
adults, it may result in bronchitis ~30 times more often
than it causes pneumonia [35]. M. pneumoniae out-
breaks occur sporadically but have a predilection for
the late fall and early winter [36]. M. pneumoniae is as-
sociated with acute bronchiolitis, bronchiolitis oblite-
rans, and bronchiolitis obliterans with organizing
pneumonia (BOOP) in infants, children and adults. In
children, M. pneumoniae is a relatively infrequent
cause of bronchiolitis, accounting for 11% of cases of
bronchiolitis caused by an identified agent [37]. Al-
though acute infectious bronchiolitis requiring hospi-
talization is unusual in adults, M. pneumoniae should
be considered as a cause for acute bronchitis or bron-
chiolitis in hospitalized patients.

Mycoplasma pneumoniae infections typically begin
insidiously with fever, nonproductive cough, headache,
malaise and occasional chills. Upper respiratory symp-
toms of rhinitis and sore throat are present in 50% of
cases. Myalgias, arthralgias, skin rash or gastrointesti-
nal symptoms are rare; bullous myringitis and ARDS
occasionally develop [38]. Rare cases of profound hyp-
oxemia with airflow obstruction and hypercapnia have
been reported, presumably as a result of widespread
bronchiolitis [39].

35.3
Fungal Tracheobronchitis

Fungal infections limited to the tracheobronchial tree
are increasingly recognized in critically ill patients,
particularly in the immunocompromised host
[40–42]. Clark et al. reported that of a total of 207 pa-
tients, 15 (7%) had infection solely or predominantly
within the airways [43–47]. The incidence of Candida
infection localized to the tracheobronchial tree must be
much lower as the reported cases are very rare. Fur-
thermore, some cases are poorly documented patho-
logically and the diagnosis of bronchial candidiasis was
made solely on the basis of repeatedly positive sputum
cultures and clinical improvement after treatment with

386 35 Tracheobronchitis in the Intensive Care Unit



antifungal agents [48, 49]. Candida colonization of the
respiratory tract was reported to occur in 27% of pa-
tients intubated for more than 2 days and was associat-
ed with an increased risk of Pseudomonas pneumonia
and longer ICU and hospital stays [50]. Aspergillus is
the predominant pathogen occurring alone or in com-
bination with other pathogens.

Pseudomembranous and obstructive Aspergillus
tracheobronchitis represent two different, but some-
times overlapping, clinical presentations. The first con-
sists of intraluminal growth involving more or less the
entire circumference of the airway wall with only su-
perficial mucosal invasion. Pathologically, such infec-
tion can appear as a pseudomembrane in which a fibri-
nous exudate related to airway ulceration is prominent,
or as tenacious mucus/fungus plugs more or less
completely occluding the tracheobronchial tree. This is
perhaps the most likely form of serious fungal infection
to be missed clinically. Patients may complain of cough,
chest pain, increasing dyspnea, fever, hemoptysis, and,
possibly, signs of upper airway obstruction. Because
the parenchyma is unaffected, the chest roentgeno-
grams may be normal. Early bronchoscopy with histo-
logical examination and cultures of the bronchial casts
and airway debris confirms the diagnosis [40, 43, 51].

Obstructive tracheobronchial aspergillosis may pre-
sent with radiographic findings of atelectasis due to ex-
tensive obstruction of both main and subsegmental
bronchi [41]. The obstruction may be severe causing
acute respiratory failure [42].

Another morphological form consists of one or sev-
eral discrete plaques localized to a relatively small por-
tion of the tracheobronchial tree. Although in the early
stages of infection, invasion is limited to the airway mu-
cosa, with progression of disease fungi penetrate be-
yond the bronchial wall into the adjacent lung paren-
chyma where they may result in focal pneumonia or ab-
scess formation. Vascular invasion is not uncommon
and may lead to parenchymal or pleural hemorrhage
[43].

The explanation for why fungi colonize and invade
the tracheobronchial tree in certain patients is unclear.
However given the underlying disorders that patients
with fungal tracheobronchitis commonly have, it is
clear that a deficiency in the host immune system is a
common denominator among these patients. Fungal
tracheobronchitis has been seen in patients with lung
and bone marrow transplantation, AIDS, and hemato-
logical malignancies [52]. Prolonged neutropenia oc-
curring either secondary to the malignancy or chemo-
therapy has been shown to be a risk factor for develop-
ing invasive pulmonary aspergillosis [53]. Even in the
absence of neutropenia, impaired leukocyte mobiliza-
tion and function may contribute to the predisposition
to fungal infection in cancer patients [54]. Pseudo-
membranous tracheobronchitis has also been reported

in patients with diabetes [40]. Corticosteroids predi-
spose to the development of fungal invasion by inhibit-
ing macrophage killing of spores, inhibiting phagocyte
migration to the site of infection, and by suppressing
antibody production, delayed hypersensitivity reac-
tion, and wound healing [43, 55]. Broad-spectrum anti-
biotics change the normal flora and predispose to the
development of fungal colonization. Cellular and hu-
moral immune deficiency are additional risk factors
[56].

Once the diagnosis of Aspergillus tracheobronchitis
is established by bronchoscopy, histology, or culture,
appropriate antifungal therapy should be started. In
addition, multiple therapeutic bronchoscopies may be
needed to debulk the intrabronchial debris.

35.4
Viral Tracheobronchitis

Many respiratory infections caused by viruses begin in
the upper respiratory tract usually without producing
lower respiratory symptoms. A variety of clinical syn-
dromes including rhinitis, pharyngitis, laryngotra-
cheitis (croup), bronchitis or tracheobronchitis, bron-
chiolitis and pneumonia can occur depending on the
specific virus involved, the viral load, virulence, host
resistance and extent of respiratory mucosal involve-
ment [57].

The patient’s age is also an important factor in the
form and severity of infection; for example rhinovirus
typically causes only coryza in immunocompetent
adults, whereas it is a cause of croup, bronchitis, bron-
chiolitis and pneumonia in children. The attack rates
for respiratory syncytial virus (RSV), parainfluenza vi-
rus types 1 and 3 and adenovirus are also severalfold
higher in the first 2 years of life [57].

In the ICU, viral tracheobronchitis is usually seen in
one of two situations: (a) primary viral infection usual-
ly acquired in the community, such as influenza, para-
influenza, adenovirus or RSV that is either severe or
complicates underlying pulmonary disease or, (b) reac-
tivation of a latent virus in the nosocomial setting, such
as herpes simplex virus (HSV) or cytomegalovirus
(CMV). Either situation can further be complicated by
bacterial co-infection or superinfection [58].

35.4.1
Influenza Virus

The influenza viruses A, B, and C are the three most im-
portant genera of the Orthomyxoviridae, a group of
single stranded RNA viruses. Hemagglutinin and neur-
aminidase are the major antigenic determinants of in-
fluenza A viruses and serve as the basis for their sub-
type classification [59]. A minor mutation in the anti-
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genicity of hemagglutinin or neuraminidase leads to
antigenic drift and explains the need for yearly changes
in the influenza vaccine composition. On the other
hand, genetic reassortment can result in the appear-
ance of a novel hemagglutinin/neuraminidase combi-
nation called an antigenic shift which, due to lack of
immunity in the human population, can lead to influ-
enza pandemics.

Influenza virus infection usually involves only the
upper respiratory tract, including trachea and major
bronchi; however in a small percentage of patients, par-
ticularly the chronically ill or the elderly, it may be re-
sponsible for severe pneumonia. It can occur in pan-
demics, epidemics or sporadically. Almost all severe
epidemics and all pandemics are caused by type A in-
fluenza. Typical winter outbreaks occur every year in
temperate climates with a less predictable seasonal var-
iation in tropical areas. Transmission occurs from per-
son to person with an incubation period of 24–48 h
and is highly contagious. Viral shedding and infectivity
can persist for as long as 2 weeks in children, but proba-
bly less in adults [60]. Antibody formation to specific
strains by either immunization or infection confers im-
munity for 1–2 years. Serologic studies have found a
higher incidence of antibodies to influenza A and B in
health care workers than controls [61]. The risk of de-
veloping a complicated course is increased in the older
individuals, and those with a significant history of to-
bacco smoking, comorbidities and pregnancy [62–64].
Recent outbreaks of avian influenza virus infections in
humans have been the source of concern for a potential
influenza pandemic. Since 2004, the H5N1 influenza A
virus has expanded from southern China to western
China, Mongolia, Russia, and, more recently, Europe
and Africa. Humans acquire avian influenza through
direct contact of mucous membranes with infected se-
cretions and excreta from infected birds or contaminat-
ed poultry. Human-to-human transmission of avian in-
fluenza has thus far only occurred sporadically and
with low efficiency [65].

The clinical manifestations of human influenza are
variable and depend on the virulence of the influenza
virus strain, the underlying condition and response of
the host. The flu-like syndrome with rapid onset of dry
cough, myalgias, headache, chills and fever without ma-
jor pulmonary complaints affects predominantly young
adults. Another syndrome seen in influenza is bronchi-
tis/tracheobronchitis with no radiographic abnormali-
ty but with more respiratory distress and sometimes as-
sociated with hemoptysis, exacerbation of underlying
asthma or chronic obstructive pulmonary disease
(COPD). In more severe cases, spread of the virus to the
pulmonary parenchyma causes clinical worsening
within 12–36 h with worsening dyspnea, tachypnea, cy-
anosis and hypoxemia [66, 67]. The radiographic ab-
normalities of influenza pneumonia include interstitial

infiltrates, lobar consolidation with air bronchograms,
and focal areas of atelectasis. Finally, it is well recog-
nized that superinfection with Staphylococcus aureus,
Streptococcus pneumoniae, Hemophilus influenzae or
other bacteria can occur after influenza [68]. The clini-
cal manifestations of avian influenza infection also de-
pend on the viral subtype causing the disease. Conjunc-
tivitis, with or without an influenza-like illness, occurs
with the A/H7N7 and A/H7N3 strains. A/H5N1 strains
lead to more severe presentations with frequent pro-
gression to pneumonia and a high fatality rate. Gastro-
intestinal complaints of abdominal pain, nausea, vomi-
ting, and diarrhea are common. Lymphopenia and
thrombocytopenia are common findings and prognos-
tic indicators for ARDS and death [69].

The diagnosis can be confirmed by culturing the vi-
rus from respiratory secretions, a throat swab, or a na-
sopharyngeal aspirate. More rapid diagnostic methods
available consist of direct immunofluorescence assay
(DFA), polymerase chain reaction (PCR) or the rapid
assays that detect activity of influenza neuraminidase
or viral nucleoproteins [70]. The currently commer-
cially available test kits do not distinguish human from
avian influenza or their subtypes. The sensitivity of
these kits for detecting A/H5N1 infection ranges from
33% to 86% [69, 71].

Influenza vaccination is the mainstay of protection
against the disease. The older drugs available for the
prevention and treatment of influenza are amantadine
and rimantadine. However, their use is limited by lack
of activity against influenza B, rapid emergence of re-
sistance and, especially with amantidine, central ner-
vous system toxicity. Agents available for the treatment
of influenza A and B include the neuraminidase inhibi-
tor zanamivir that is delivered by inhalation (10 mg
bid) and oseltamivir (75 mg PO bid) [72]. Controlled
clinical trials on the efficacy of neuraminidase inhibi-
tors for the treatment and prophylaxis of human avian
influenza infections have not been performed.

35.4.2
Parainfluenza Virus

In adults, parainfluenza is responsible for pharyngitis
and coryza; in infants and children it is the predomi-
nant cause of severe croup. Immunocompromised indi-
viduals are at increased risk for more severe presenta-
tions. Parainfluenza type 1 and 2 occur predominantly
in the autumn and early winter. Parainfluenza type 3
occurs in the spring and is an important cause of bron-
chiolitis or pneumonia in infants and children. Lower
respiratory tract involvement in adults is uncommon.

The parainfluenza viruses cause a spectrum of respi-
ratory illnesses similar to those caused by Mycoplasma
infection and respiratory syncytial virus (RSV) (see be-
low). Most are upper respiratory tract infections of
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which 30–50% are complicated by otitis media. In in-
fants, about 15% of parainfluenza virus infection in-
volves the lower respiratory tract. Croup is the signa-
ture clinical manifestation and chief cause of hospital-
ization in children 2–6 years of age [61].

The clinical manifestations in adults are acute phar-
yngitis and tonsillitis or the aggravation of an underly-
ing cardiopulmonary problem. When complicated by
pneumonia it is indistinguishable from other viral or
Mycoplasma infection. The radiographic findings are
nonspecific. The organism can be isolated by culture of
sputum or nasopharyngeal secretions. Immunofluo-
rescent antibody is useful for rapid identification.

There are currently no available antiviral agents
with proven effectiveness against parainfluenza virus.
Ribavirin is active against the virus in vitro, but there
have been no randomized controlled trials in humans.

35.4.3
Rhinovirus

Rhinovirus causes approximately 40–50% of the com-
mon cold cases. Clinically significant lower respiratory
tract infection in adults is uncommon but includes
acute bronchitis, bronchiolitis and pneumonia. Per-
haps more important is the indirect effect that such an
infection may have in patients with asthma, COPD or
other medically debilitating states. Rhinovirus infec-
tion has been associated with exacerbation of COPD
and respiratory failure [73].

35.4.4
Adenovirus

Adenovirus can cause pharyngitis, pharyngoconjun-
ctivitis, laryngotracheo-bronchitis, bronchiolitis,
pneumonia or a non-specific acute respiratory syn-
drome; there is also some evidence that it may cause
some cases of bronchiectasis, bronchiolitis obliterans
and hyperlucent lung syndrome [74]. Infections can
occur sporadically or in epidemics. Localized nosoco-
mial outbreaks have also been reported.

The adenoviruses are the most common cause of the
acute respiratory disease syndrome, a poorly defined
condition consisting of fever, pharyngitis, cough,
hoarseness, chest pain, and conjunctivitis. Chills and
myalgias may be present. In some cases, tracheobron-
chitis is prominent and may be indistinguishable from
the classic whooping cough caused by Bordetella per-
tussis. When pneumonia occurs it is typically mild and
associated with upper respiratory symptoms. However,
a few fatal cases have been seen with autopsy studies re-
vealing extensive areas of hemorrhagic consolidation
with alternating areas of atelectasis and hyperinflation.
The airways frequently show marked airway conges-
tion with mucopurulent or hemorrhagic material.

In most cases the infection is self-limited and the
treatment is supportive.

35.4.5
Respiratory Syncytial Virus

Respiratory syncytial virus (RSV) is a major cause of
lower respiratory tract infections (bronchiolitis and
pneumonia) among young children, resulting in an es-
timated 51,000–82,000 hospitalizations annually in the
United States. Infection occurs predominantly during
the winter months and early spring. Transmission oc-
curs by airborne droplets or hand-to-hand contact. The
disease is highly contagious and there is evidence that
health care workers are at increased risk for infection
[61].

In adults, the disease is usually mild and limited to
the upper respiratory tract. However, in the elderly,
chronically ill, immunocompromised or hospitalized
patient, lower tract involvement can occur [75]. Rarely,
RSV can cause acute pneumonia with rapid progres-
sion to ARDS [76]. A recent prospective surveillance
study of healthy elderly patients, high-risk adults, and
patients hospitalized with acute cardiopulmonary con-
ditions found RSV in 10.6% of hospitalizations for
pneumonia, 11.4% for chronic obstructive pulmonary
disease, 5.4% for congestive heart failure, and 7.2% for
asthma [76].

The clinical manifestations reflect the extent of air-
way involvement. Nasal congestion and discharge usu-
ally precede the cough and wheezing by 2–3 days, but
may occur simultaneously. In contrast to influenza in-
fection, RSV is associated with relatively little risk of
bacterial superinfection. The radiological findings
usually reflect a disparity between the severity of respi-
ratory symptoms and a paucity of abnormalities. How-
ever, bronchial wall thickening, peribronchial infil-
trates or lobular consolidation may occur.

RSV can be cultured from nasopharyngeal or lower
respiratory secretions. In adults and transplant pa-
tients, bronchoalveolar lavage is more sensitive than
throat swabs [77]. The shell-vial culture has been
shown to be a rapid and sensitive method. PCR and im-
mune based assays including antigen detection by im-
munofluorescence or enzyme-linked immunosorbent
assay (ELISA) are available for rapid diagnosis with a
sensitivity and specificity of 80–90% [61].

In addition to supportive care, severe cases of RSV
infection have been treated with aerosolized ribavirin
(6 g reconstituted in 300 ml of sterile water to a final
concentration of 20 mg/ml and administered 12–18 h/
day for 3–7 days); although no clinical trials have been
conducted in this patient population. There is no data
regarding the use of oral ribavirin. Intravenous and in-
haled human immunoglobulin RSV hyperimmune
globulin and monoclonal antibody have been used to
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treat limited numbers of patients with RSV infection.
The therapeutic effect has been marginal [61].

35.4.6
Herpes Simplex Virus

Herpes simplex virus (HSV) was first recognized as a
pulmonary pathogen by Morgan and Finland almost a
half century ago [78]. Stern and associates [79] first fo-
cused attention on the possibility of herpetic involve-
ment of the trachea and its transmission via contami-
nated secretions from an infected patient to a health-
care worker, causing herpetic whitlow. Later reports of
herpetic respiratory infections have included patients
with underlying diseases [80, 81], extensive burns [82],
underlying malignancy, chemotherapy and radiation
therapy [83], and critically ill patients with adult respi-
ratory distress syndrome (ARDS) [84–87].

Herpetic tracheobronchitis has also been reported
in immunocompetent patients without history of
chronic lung disease [88–90], in patients after extra-
corporeal circulation for cardiac surgery [91], and fol-
lowing general surgery [92–94].

Despite the apparent increasing prevalence of pul-
monary HSV, the relationship between respiratory HSV
isolation, pulmonary function, and clinical outcome is
not well documented. HSV type 1 in lower respiratory
secretions has been associated with unresolved acute
bronchospasm [88], prolonged requirement for me-
chanical ventilation [88–94], tracheal stenosis, and in-
creased mortality [94, 95]. However, asymptomatic vi-
ral shedding of HSV also occurs in approximately
1–5% of asymptomatic normal individuals [96].

The concept of airway injury leading to viral reacti-
vation has been reported previously in autopsy series
[82, 97, 98] and in patients who have undergone sur-
gery [88, 94]. One reason for this susceptibility of “trau-
matized” epithelium to viral colonization and potential
subsequent inflammation may be that HSV typically
infects squamous epithelium [99]. Thus, factors that
promote squamous metaplasia, such as trauma, smok-
ing, radiation therapy, or chemotherapy, may predi-
spose the patient to lower respiratory tract infection
with HSV [99].

At the present time, there are no defined criteria for
the diagnosis or treatment of herpetic tracheobronchi-
tis. Simple isolation of HSV from respiratory secretions
is clearly insufficient to make this diagnosis, since HSV
can be asymptomatically shed in up to 5% of asymp-
tomatic adults, and the incidence of reactivation or
shedding is increased in patients with airway injury.
Thus, one usually makes the diagnosis based on a com-
bination of the viral cultures, direct bronchoscopic ex-
amination of the endobronchial tree, cytological exam-
ination of tracheal or bronchial washings, and the clini-
cal status of the patient.

The most frequent clinical manifestations exhibited
by the patients are fever, productive cough, and dys-
pnea. Frequency of these symptoms does not differ be-
tween the immunocompromised and immunocompe-
tent patients. However, immunocompetent patients
have significantly more bronchospasm. These data im-
ply that the pathogenicity of HSV in the respiratory
tract may vary depending on underlying immune sta-
tus and the host response [100].

In addition, the role of primary infection versus re-
activation in the spectrum of clinical manifestations of
tracheobronchitis is unclear. One could speculate that
respiratory HSV isolation in the immunocompromised
patients most often represents “asymptomatic” shed-
ding, perhaps due to reactivation, with less airway in-
flammation and, consequently, less bronchial hyperac-
tivity. For unclear reasons, the clinical manifestations
of HSV infection are more severe in the immunocom-
petent population; this may represent a more exuberant
local immune response.

Whether to treat critically ill patients with lower re-
spiratory tract HSV isolation with acyclovir is uncer-
tain and controversial at this time. At the present time,
it seems reasonable to treat with intravenous acyclovir
(8 mg/kg every 8 h for 10 days) those patients with HSV
isolation from lower respiratory secretions if, in addi-
tion, they have a clinical syndrome or bronchoscopic
findings consistent with tracheobronchitis. However,
future prospective, randomized trials that assess the
impact of treatment on the outcome of both the appar-
ently asymptomatic HSV “carrier” and those patients
with clinical HSV tracheobronchitis are needed to clar-
ify this issue. In addition, given the risk of horizontal
transmission of HSV-1 to health-care workers, full
compliance with infection control measures, including
use of gloves and goggles when there is any potential
for contact with secretions, is recommended [101].

35.4.7
Cytomegalovirus

Cytomegalovirus (CMV) has been cultured with in-
creasing frequency from patients on prolonged me-
chanical ventilatory support [102]. Similarly to the case
of HSV, the clinical spectrum of CMV can range from
asymptomatic viral shedding to a severe disease with
profound immunosuppression, pneumonitis and mul-
ti-organ dysfunction syndrome. In contrast to HSV
where the predominant involvement occurs in the air-
ways, CMV typically involves the pulmonary parenchy-
ma, leading to interstitial pneumonitis or diffuse alveo-
lar damage. CMV infection has been shown to potenti-
ate effects of bacterial infections, possibly through im-
pairment of neutrophil migration or macrophage acti-
vation, and has been implicated in promoting bacterial
translocation [94]. Cardiac surgery patients with CMV
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infection complicating mediastinitis have been shown
to have persistence of local infection, prolonged hospi-
talization and increased mortality [103]. Trauma pa-
tients with HSV or CMV reactivation have also been
shown to have increased ventilator dependence and in-
creased superimposed bacterial pneumonias [104].

As with other organisms, several techniques are
available to detect CMV. The virus can be isolated from
various body fluids (e.g., blood, urine, respiratory se-
cretions) and buffy coat culture may be useful. Use of
shell-vial technique yields results within 24–36 h. Ad-
ditional, even more sensitive techniques including im-
munoglobulin-labeled immunomagnetic beads, fluo-
rescent antibody staining, in situ hybridization, and
PCR have also been utilized to identify CMV antigens.
However, a major limitation of these tests is that they
do not differentiate infection from disease. Thus, it is
sometimes necessary to obtain tissue in order to assess
the cytopathic effects.

The drugs effective against CMV are ganciclovir and
foscarnet. However, the decision to treat an individual
patient has to balance the risk of the patient, the evi-
dence of disease and the potential toxicity associated
with treatment.

35.5
Noninfectious Etiologies

Several noninfectious processes can initiate and/or
perpetuate tracheobronchitis. Potential causes include
nebulized medications (N-acetylcysteine, colistin, to-
bramycin, ribavirin, and dornase alfa), microaspira-
tion of gastric contents, prolonged exposure to high
concentrations of oxygen, and repeated trauma caused
by airways suctioning or procedures.

35.6
Summary

Tracheobronchitis is increasingly recognized as a dis-
tinct syndrome in the intensive care unit. The most
common etiology is infection caused by bacterial, fun-
gal, or viral pathogens. The clinical manifestations are
variable and not specific for individual pathogens. The
clinical distinction between incidental airway coloniza-
tion and significant infection is difficult but carries im-
portant therapeutic and prognostic implications. A
high index of suspicion with the appropriate diagnostic
and treatment intervention can lead to an improved
outcome.
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36 Severe Community-Acquired Pneumonia
M. Bodı́, J. Rello

36.1
Introduction

Pneumonia is a leading cause of death in the world and
the sixth most common cause of death in the United
States. Indeed, in the US it is the number one cause of
death from infectious diseases; each year in the US,
there are from 5 to 10 million cases of community-ac-
quired pneumonia (CAP) leading to as many as 1.1 mil-
lion hospitalizations and 45,000 deaths. Management
of a single in-hospital case of CAP costs around $7,500
[1].

In spite of advances in antibiotic treatments and
technical improvements in the ICU, severe CAP mortal-
ity rates remain unacceptably high. In a range of stud-
ies of SCAP requiring ICU admission, crude mortality
was around 20–54% [2–9].

Given the steady increase in the number of senior
citizens and immunocompromised patients (those re-
ceiving steroids, organ transplant recipients, HIV pa-
tients) and the better survival rates of patients affected
by chronic illness, research in this field is clearly justi-
fied. Current investigations focus on improving diag-
nosis, defining risk factors that influence outcome, and
assessing new therapies.

In the last decade, a number of medical societies [1,
10–14] have sought to broaden our understanding of
pneumonia by producing and publishing sets of guide-
lines. The first guidelines that avoided the traditional
classification into “typical and atypical” pneumonia
were published in 1993 by the American Thoracic Soci-
ety (ATS) [10]. The ATS revised their guidelines in June
2001 [11], emphasizing certain modifying factors that
increase the risk of infection with drug-resistant and
unusual pathogens (drug-resistant Streptococcus pneu-
moniae or Gram-negative bacteria). These guidelines
classify patients into four categories on the basis of the
most probable etiology: (a) outpatients with no history
of cardiopulmonary disease, and no modifying factors;
(b) outpatients with cardiopulmonary disease (conges-
tive heart failure or chronic obstructive pulmonary dis-
ease) and/or other modifying factors; (c) inpatients,
not admitted to the ICU; and (d) patients who require
intensive care admission. The IDSA (Infectious Dis-

eases Society of America) revised their guidelines in
September 2000 [1] and updated them in December
2003 [12]. In Europe similar guidelines have been pro-
duced, seeking to identify patients at risk of death or
complications [13, 14]. This chapter focuses on the sub-
group of CAP patients who are admitted to the ICU –
approximately 10% of patients hospitalized for CAP
[15] – and reviews the most important factors regard-
ing etiology, prognosis, diagnostic tools and treat-
ments.

36.2
Definition of Severe Community-Acquired
Pneumonia

No consensus has been reached among researchers as
regards the definition of severe CAP. Obviously, pa-
tients who need large volume infusions and vasopres-
sors for shock or mechanical ventilation clearly need to
be admitted to the ICU. However, patients with multilo-
bar involvement, renal failure, confusion and other co-
morbidities also have lower chances of survival. There-
fore, percentages of hospitalized patients requiring ad-
mission to the ICU obtained in different studies fluctu-
ate between 5% and 35% [16], and may well reflect dif-
ferences not only in clinical criteria, but in infrastruc-
ture as well. Some authors have tried to define criteria
for severe pneumonia. The Pneumonia Severity Index
(PSI) [17], which stratifies patients into five severity
classes based on their demographic characteristics, co-
morbid conditions, physical findings, and diagnostic
studies, is recommended as a mortality prediction rule
[1, 11, 17]. The severity class is rated on a numerical
scale, with lower scores associated with a lower risk of
mortality. Therefore, patients in class I and II can be
treated as outpatients, patients in class III can be treat-
ed either as outpatients or briefly observed in the hos-
pital, but class IV and V (PSI & 90) patients need to be
hospitalized (Fig. 36.1). In 1987 the British Thoracic
Association (BTS) [18] published the first guidelines
based on a survey of 453 patients admitted to hospital
for CAP. Using multivariate analysis the study conclud-
ed that three variables were associated with an in-
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Patients with community-acquired
pneumonia

Is the patient over 50 years of age?

Does the patient have a history of any
of the following comorbid conditions?

Neoplastic disease
Congestive heart failure
Cerebrovascular disease

Renal disease
Liver disease

Does the patient have any of the
following abnormalities on physical

examination?
Altered mental status
Pulse ≥ 125/minute

Respiratory rate ≥ 30/minute
Systolic blood pressure < 90 mmHG

Temperature < 35 °C or ≥ 40 °C

Assign patient to risk class 1

Assign patient to
risk class II−V

based on
prediction model
scoring system

Algorithm for Prediction ModelA

Yes

Yes

Yes

No

No

No

CHARACTERISTIC

Demographic factor
   Age
      Men
      Women
Nursing home resident
Coexisting illnesses
   Neoplastic disease
   Liver disease
   Congestive heart failur
   Cerebrovascular disease
   Renal disease
Physical-examination findings
   Altered mental status
   Respiratory rate ≥ 30/minute
   Systolic blood pressure < 90 mmHg
   Temperature < 35 °C or ≥ 40 °C
   Pulse ≥ 125/minute
Laboratory and radiographic findings
   Arterial pH < 7.35
   Blood urea nitrogen ≥ 30 mg/dl
      (11 mmol/liter)
   Sodium < 130 mmol/liter
   Glucose ≥ 250 mg/dl (14 mmol/liter)
   Hematrocrit < 30 %
   Partial pressure of arterial oxygen
      < 60 mmHg
   Pleural effusion

POINTS
ASSIGNED*

Age (yr)
Age (yr) −10

+10

+30
+20
+10
+10
+10

+20
+20
+20
+15
+10

+30
+20

+20
+10
+10
+10

+10

B

Any of:
� Confusion*
� Urea > 7 mmol/l
� Respiratory rate > 30/min
� Blood pressure (SBO < 90 mmHg or DBP ≤ 60 mmHg)
� Age ≥ 65 years

0 or 1 2 3 or more

GROUP 1

Mortality low
(1.5 %)

(n = 324, died = 5)

GROUP 2

Mortality intermediate
(9.2 %)

(n = 184, died = 17)

GROUP 3

Mortality high
(22 %)

(n = 210, died = 47)

CURB-65
score

Likely suitable for home
treatment

Consider hospital
supervised treatment

Options may include:
(a) short stay inpatient
(b) hospital supervised
outpatient

Manage in hospital as
severe pneumonia

Assess for ICU
admission especially if
CURB-65 score = 4 or 5

Treatment
options

Fig. 36.1. A Identifying patients in Risk Class I in the Derivation of the Prediction Rule. B Point Scoring System for step 2 of the pre-
diction rule for assignment to risk classes II ( e 70 points), III (71–90 points), IV (91–130 points), V (>130 points)

Fig. 36.2. CURB-65
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creased risk of mortality: respiratory rate & 30 breaths/
min, blood urea >7 mmol/l, and diastolic blood pres-
sure e 60 mmHg. The association of at least two of
these variables increased the mortality risk 21 times.
The guidelines proposed the use of the CURB-65 sever-
ity score, comprising five “core” adverse prognostic
features (Confusion, Urea, Respiratory rate, Blood
pressure, Age & 65) (Fig. 36.2) [14, 19]. The BTS ap-
proach focused on identifying high-risk patients so as
not to underestimate illness severity, while the PSI ap-
proach focused on recognizing some patients as low
risk, so as not to overestimate illness severity [17]. The
ATS guidelines defined severe CAP as the presence of
two minor criteria (systolic blood pressure <90 mmHg,
PaO2/FiO2 <250 mmHg, involvement of >two lobes in
chest radiograph), or one major criterion (need for va-
sopressors >4 h, or mechanical ventilation) [11].

Aside from the need to validate these rules, there is
no doubt that considering pneumonia as a dynamic
process (which may worsen in the first 24–48 h and re-
quire ICU admittance) can improve our approach to,
and management of, this clinical entity.

36.3
Etiology and Risk Factors

The spectrum of causative agents of severe CAP is simi-
lar in hospitalized patients and in outpatients. The
main difference is the relative importance of each mi-
croorganism. S. pneumoniae accounts for nearly 50%
of cases with etiologic diagnosis [2–9, 20–24]. It ac-
counts for about two-thirds of bacteremic pneumonia
and is the most frequent cause of lethal CAP. Legionella
species, Haemophilus influenzae, Staphylococcus aure-
us, and Gram-negative microorganisms are other caus-
ative pathogens in severe CAP [1–14, 20–24]. Pneumo-
cystis jiroveci and Mycobacterium tuberculosis may be
responsible for CAP in some areas [5, 20]. Table 36.1
summarizes the most prevalent etiologic diagnoses [2,
9, 20–24]. The most important risk factors for S. pneu-

Table 36.1. Isolated pathogens of severe CAP in the period 1997–2006

Author Hirani Marik El-Shol Angus Rello Mortensen Bodı́
Year 1997 2000 2001 2002 2003 2005 2005
Episodes (n=57) (n=148) (n=110) (n=170) (n=204) (n=172) (n=529)

Intubation 96.4 – 85 28–56 51.9 31.9 65.9
Etiological diagnosis 67 52 55 44.7 57.3 23.8 52.2
S. pneumoniae 18 13 19 14.7 35.1 36.6 48.1
Legionella spp. 16 5 9 – 19.6 – 7.7
H. influenzae – 10 7 4.7 9.4 17.1 7.4
S. aureus 12 13 7 4.1 4.3 24.4 6.4
Enterobacteriaceae – 13 14.5 – 1.7 7.1 6.1
P. aeruginosa 1.7 5 6 – 6.8 4.8 6.7
P. jiroveci 5.2 – – – 8.5 – 3.4
M. tuberculosis 1.7 – 2 – 1.7 – 2.7
Others 13.9 10 12 – 12.8 – 11.4

moniae infection are chronic hepatic disease, alcohol-
ism, influenza, cigarette smoking and chronic obstruc-
tive pulmonary disease (COPD) [25]. Pneumonia caused
by Legionella spp. was the second most frequent etiology
in the 1990s [2–8], though there are significant regional
variations, and recent studies report a fall in its inci-
dence, probably associated with the extended use of new
fluoroquinolones and macrolides [26, 27]. It is more
common in Mediterranean countries and the US than in
northern Europe. The most important risk factors are
smoking and corticotherapy. El-Ebiary et al. [28] re-
ported COPD to be a more frequent risk factor in noso-
comial pneumonia than in community-acquired pneu-
monia caused by Legionella pneumophila (64% vs.
41%). H. influenzae accounts for between 6% and 15%
[2–9, 20–24] of pneumonia that require ICU admission.
COPD, elderly and HIV patients are the most affected.
Pneumonia caused by S. aureus is usually a severe infec-
tion, requiring ventilatory support in up to 90% of cases.
The infection can occur after epidemic influenza or via
bloodstream spread. Methicillin-resistant Staphylococ-
cus aureus (MRSA) has emerged as an important infec-
tion in the community setting [29]. It has primarily been
associated with skin and soft-tissue infections, but can
also cause severe pulmonary infections, including pneu-
monia and empyema. Community-acquired MRSA is
typically more susceptible to a wider class of antibiotics
than healthcare-associated MRSA, but it is also more
virulent. Community-acquired MRSA usually contains
the gene encoding Panton-Valentine leukocidin (PVL), a
toxin that creates lytic pores in the cell membranes of
neutrophils and induces the release of neutrophil che-
motactic factors that promote inflammation and tissue
destruction (a process known as necrotizing pneumo-
nia). The optimal antibiotic treatment for PVL-positive
community-acquired MRSA is unknown; however, anti-
biotics with activity against MRSA and the ability to in-
hibit toxin production may be appropriate (linezolid or
clindamycin for susceptible isolates). Enterobacteriace-
ae are usually involved in nosocomial pneumonia, and
in some studies of CAP are the third most important
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Table 36.2. Modifying factors that increase the risk of infection
with specific pathogens

Drug-resistant Streptococcus pneumoniae
Age greater than 65 years
Beta-lactam therapy within the past 3 months
Immunosuppression (either as the result of an illness or in-

duced by treatment with corticosteroids)
Multiple medical comorbidities, alcoholism
Exposure to a child in a day care center

Enteric Gram-negative organisms
Recent antibiotic therapy
Underlying cardiopulmonary disease
Residence in a nursing home
Multiple medical comorbidities

Pseudomonas aeruginosa
Structural lung disease such as bronchiectasis
Chronic obstructive pulmonary disease
Broad-spectrum antibiotic therapy that lasted for at least

7 days in the past month
Corticosteroid therapy with at least 10 mg of prednisone

per day
Malignancy
Malnutrition

cause (25%) [3]. The microorganism most frequently
involved is Klebsiella pneumoniae, which mainly af-
fects alcoholics, COPD patients, and general patients
suffering from consuming diseases. Among Gram-neg-
ative bacteria, P. aeruginosa stands out on account of its
extreme mortality [20]. In the multicenter study by
Bodı́ et al. [9], COPD, malignancy, previous antibiotic
therapy, and rapid radiographic spread were associated
with Pseudomonas pneumonia.

Table 36.2 shows certain modifying factors that in-
crease the risk of infection with drug-resistant and un-
usual pathogens [9, 11]. Finally, in a high percentage of
patients the causative agent is impossible to determine,
even after extensive research. Atypical microorganisms
such as C. pneumoniae and M. pneumoniae do not seem
to play a role in severe pneumonia. Using PCR tech-
niques, Menéndez et al. [30] suggested that in the sub-
group of patients with unknown etiology, S. pneumoni-
ae was the most probable cause.

36.4
Diagnosis

Empiricism is the usual approach in patients suffering
from CAP. Indeed, some guidelines strongly recom-
mend it [1, 11, 12]. However, a knowledge of the causa-
tive agent in severe episodes is useful, because identify-
ing the causative agent and adjusting treatment both
influence patient outcome [20]. Despite intensive etio-
logic research, the causative agent is not isolated in as
many as 40% of cases [2–9, 20–24].

Patients hospitalized for pneumonia should have
two pretreatment blood cultures and expectorated spu-

tum Gram stain and culture [12]. The expectorated
sputum specimen should be a deep-cough specimen
obtained before antibiotic treatment that is rapidly
transported and processed within a few hours of collec-
tion. Cytologic criteria [more than 25 neutrophils and
e 10 epithelial cells per microscopic field (×100)]

should be used as a contingency for sputum culture, ex-
cept with culture for Mycobacteria and Legionella spe-
cies. In severe CAP a respiratory sample is available in
only 40% of patients and in only 50% of these is it con-
sidered good enough for analysis [31].

Sputum induced by hypertonic saline serum has
proved to be a good tool for Pneumocystis jiroveci and
tuberculosis research, especially in AIDS patients [32].
The usefulness of this method in the detection of other
pulmonary pathogens has not been established.

Blood cultures are positive in around 10–30% of pa-
tients with severe CAP [9, 33]. A prospective study of
patients with CAP [34] showed that the yield of blood
culture increases significantly with the severity of
pneumonia, and that positive cultures only impacted
on the management of critically ill patients (PSI IV and
V). In spite of low sensitivity, the convincing nature of
the isolation of a respiratory pathogen from blood, the
opportunity to test the antimicrobial sensitivity of the
isolate and the relative simplicity of drawing blood for
cultures are all arguments in favor of the practice of ob-
taining blood cultures in patients requiring hospital
admission. At least two cultures should be drawn with
needlesticks at separate sites.

Other noninvasive techniques are based on antigen
detection of certain microorganisms in urine, plasma
or sputum. The most useful is antigen detection of Le-
gionella spp. in urine: sensitivity is around 80% and
specificity is near 100% [26]. Furthermore, this test is
not influenced by previous use of the right antibiotic
and may remain positive for several weeks after pulmo-
nary infection. The main drawback is that only sero-
type 1 can be detected (though this serotype accounts
for >70% of Legionella infection) [35]. More recently a
colorimetric technique has been validated that allows
antigen detection at the bedside [36]. The pneumococ-
cal urinary antigen assay is an acceptable test to in-
crease the standard diagnostic methods of blood cul-
ture and sputum Gram stain and culture, with the po-
tential advantage of rapid results, similar to those for
sputum. The test has a sensitivity of 80% and specifici-
ty of 94%. False positive tests can occur (nearly 10% of
cases of positive results) because of colonization status
without acute pneumococcal infection, more frequent
among children. The main disadvantage is the need for
cultures to determine susceptibility in order to guide
therapy [1, 12].

Other useful diagnostic tools that can be applied in
etiologic investigation are based on invasive tests.
Among these, fiberoptic bronchoscopy is the most fre-
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quently used. Bronchoscopy is easy to perform when a
patient is intubated, but it tends not to be widely used,
because of the absence of laboratory equipment and
well-trained bronchoscopic staff. Furthermore, in non-
intubated patients, respiratory failure constitutes a rel-
ative contraindication, given the possibility of speeding
up urgent intubation. In order to avoid this complica-
tion, a method that makes bronchoscopy safer in pa-
tients treated with CPAP has recently been described
[37]. This device avoids the decline of airway pressure
and maintains correct levels of PaO2. Bronchoscopic
sampling is recommended for particularly severe, se-
lected cases with pneumonia that are unresponsive to
antimicrobial therapy. The use of bronchoscopy for pa-
tients with CAP who had failed initial management has
identified an infectious agent in around 30% [20]. Like-
wise, the correlation between bronchoalveolar lavage
(BAL) and protected specimen brush (PSB) was good.
In the context of immunosuppression (HIV, steroids,
transplantation) or high suspicion of an atypical mi-
croorganism, performance of bronchoscopy with bron-
choalveolar lavage (BAL) is the first step in the diagnos-
tic approach. The accuracy of this test to detect Pneu-
mocystis jiroveci is close to 90% [32].

Procedures based on PCR techniques can be applied
to respiratory samples; sensitivity remains high, in
spite of antibiotic treatment. In addition, the results are
available in only a few hours. However, the high cost of
these procedures and the lack of well-prepared labora-
tories preclude their worldwide use.

In severe CAP, a basic etiologic investigation should
be performed, including at least two blood cultures, a
respiratory sample (obtained by means of broncho-
scope or simple BAS) and urinary antigen detection for
Legionella and Streptococcus pneumoniae. Other tests
can be performed depending on the equipment avail-
able at the center in question. Establishing the etiology
is recommended whenever possible.

36.5
Therapy

Treatment of severe CAP involves a number of aspects
that will be reviewed in this section: adequate antibiotic
spectrum, shock management (discussed in Chap-
ter 2), inflammatory response control (Chapter 16),
and ventilatory support (discussed in Chapter 38). It is
important to remember that mortality is due to septic
shock (particularly within the first 4 days) and refrac-
tory hypoxemia (ARDS and MOF) despite adequate an-
tibiotic treatment [5].

36.5.1
Impact of Treatment on Mortality

A range of studies using multivariate analysis have
shown that inadequate antibiotic treatment is associat-
ed with a significant increase in mortality [3, 4, 7,
38–39].

In recent years, several authors have analyzed the in-
fluence of guidelines on patient prognosis [9, 40–42].
However, there are few reports of the influence of
guidelines on the treatment of severely ill patients.
Compliance with guidelines is lower in the most severe
cases [9, 40]. Bodı́ et al. [9] found a low adherence
(57.8%) to IDSA guidelines among 529 patients admit-
ted to the ICU with severe CAP, and higher mortality
rates when IDSA guidelines were not followed. More-
over, adherence to guidelines was the only modifiable
prognosis-related factor for patients with severe CAP.
Mechanical ventilation is prolonged in patients receiv-
ing non-compliant guideline therapies [43].

Timely administration of antibiotic agents to hospi-
talized patients with pneumonia has been associated
with improved survival [44] and shorter duration of
hospital stay [45]. The latest update of IDSA guidelines
[12] recommends initiating antibiotic therapy within
4 h after admission for hospitalized patients with CAP.

36.5.2
Shock Management

Dyspnea, hyperventilation, oral intake intolerance, fe-
ver and sweat increase loss and limit fluid intake, caus-
ing many patients to be hypovolemic at hospital admis-
sion. Patients with hypotension should therefore re-
ceive aggressive early resuscitation. The rate of patients
who meet shock septic criteria when admitted to the
ICU varies [9, 23] across countries and across institu-
tions. The specific management of patients with severe
CAP and shock does not differ from that of the general
population with septic shock [46, 47]. The volume re-
pletion in patients with septic shock increases cardiac
output and oxygen delivery, and is generally enough to
reverse hypotension. However, the volume require-
ments are not easily determined in critically ill pa-
tients. Central venous pressure (CVP) is initially re-
quired to assess intravascular volume. If CVP increases
or if the patient develops respiratory failure and needs
mechanical ventilation, a pulmonary artery catheter is
recommended before administration of vasoactive
drugs. Volume repletion and norepinephrine should be
the first approach to patients with septic shock. Assess-
ment of regional and global perfusion should be evalu-
ated by mixed venous saturation or blood lactate levels
(>2 mEq/l) to guide optimum reanimation.
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36.5.3
Inflammatory Response Control

Several studies have shown increased pulmonary and
circulating inflammatory cytokine levels in patients
with severe CAP [48]. Monton et al. reported that
among patients with CAP requiring mechanical venti-
lation, those who received methylprednisolone had an
attenuated systemic and pulmonary inflammatory re-
sponse and presented a trend toward lower mortality.
Recently [49], a randomized study evaluated the effica-
cy and safety of low-dose hydrocortisone infusion
(200 mg loading bolus followed by an infusion of
240 mg for 7 days) in patients with severe CAP. Hydro-
cortisone treatment led to significant reductions in me-
chanical ventilation, length of ICU and hospital stay,
and increased survival to hospital discharge and to
60 days. However, the small number of patients includ-
ed (n=46) is the principal weakness of the study and a
large randomized trial is necessary to confirm the find-
ings.

Recombinant human activated protein C (hAPC), an
anticoagulant, is an anti-inflammatory agent that has
proved effective in the treatment of sepsis (the PROW-
ESS study) [50]. In patients with sepsis, the administra-
tion of activated protein C reduced the relative risk of
death by 19.4% and the absolute risk by 6.1%. Howev-
er, the 90-day survival benefit of rAPH was largely at-
tributable to an absolute reduction in mortality rate of
18.1% (from 65% to 47%) for patients who were pre-
scribed inadequate antibiotic therapy; the reduction in
mortality rate was only 4% (from 37% to 33%) for pa-
tients prescribed adequate antibiotic therapy. Laterre
et al. [51] reported an additional analysis of PROWESS
in patients with severe CAP. In their study, only patients
with APACHE II score & 25 presented a significant re-
duction of mortality at 90 days.

36.5.4
Treatment of Refractory Hypoxemia

Between 58% and 88% of patients admitted to the ICU
for severe CAP need mechanical ventilation [9, 20–23].
In patients undergoing mechanical ventilation, the goal
is to improve gas interchange and maintain plateau
pressures low in order to avoid acute lung injury.

The main drawback of intubation is that it increases
the possibility of superinfections. New forms of ventila-
tion that avoid intubation have been promoted in re-
cent years, known generically as noninvasive ventila-
tion. Noninvasive forms of ventilation have been tested
in several diseases and are very useful in COPD pa-
tients. As regards respiratory failure in severe CAP, only
one controlled randomized trial has been performed to
date [52], in which the authors concluded that noninva-
sive ventilation was associated with a significant reduc-

tion in the rate of endotracheal intubation and duration
of ICU stay. In more than 50% (33/56) of the patients
enrolled, COPD was the main underlying disease.
Moreover, in this subgroup, a significant reduction of
mortality was achieved when noninvasive ventilation
was applied.

When the level of consciousness is depressed or the
ability to clear secretion is impaired, intubation is indi-
cated [53]. Delayed intubation in patients with severe
CAP and noninvasive ventilation may mean worse out-
come [39].

Severe CAP is associated with acute respiratory dis-
tress syndrome (ARDS) in about 10% of cases [31]. In
general, when acute lung injury is present mechanical
ventilation is needed, requiring high level O2 delivery
as well as higher levels of PEEP so as to ensure correct
PaO2. Two important variables in this context are FiO2

and tidal volume. As regards FiO2 and PEEP it is neces-
sary to achieve a level of PEEP that maintains FiO2 be-
low 0.6 whenever possible. A protective ventilatory
strategy for keeping plateau pressure below 30 cmHO2

(using tidal volume below 6 ml/kg) improves survival
in patients with ARDS and increases the number of
days without ventilator use [54].

In selected cases, alveolar recruitment maneuvers
and placement of the patient in prone position as res-
cue adjunctive therapy have been tested. These two ma-
neuvers are used for alveolar reopening of collapsed ar-
eas of lung, but there is no conclusive evidence that they
increase survival.

36.5.5
Antibiotic Treatment

Usually, antibiotic treatment is started empirically, try-
ing to cover the most frequent microorganisms and
taking into account the risk factors for specific micro-
organisms.

Patients who require hospitalization in the ICU with
unknown etiology should be treated with combination
therapy [55, 56]. This therapy should include a q -lac-
tam and a macrolide. The goal of combination therapy
in ICU patients is to provide optimal coverage for the
two most commonly identified causes of lethal pneu-
monia – S. pneumoniae and Legionella species. For pa-
tients with hypersensitivity to q -lactams, clindamycin
and fluoroquinolone antibiotics are recommended.
Though based on retrospective and observational data
[57–59], there is substantial evidence to support com-
bination antibiotic therapy, at least in patients with se-
vere bacteremic pneumococcal pneumonia. A recent
study demonstrated an association for patients hospi-
talized with severe CAP between the empiric use of a
q -lactam plus a fluoroquinolone and increased 30-day

mortality [24]. A number of possible explanations for
the benefit of macrolides observed by retrospective
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Table 36.3. MIC interpretative
standards (in µg/ml) for
non-meningeal pneumococ-
cal infections according to
the 2002 breakpoints [40]

Group Antimicrobial agent MIC (µg/ml)
Interpretative standards

S I R

Penicillins Penicillin e 0.06 0.12–1 2
Amoxicillin e 2 4 & 8
Amoxicillin-clavulanate e 2/1 4/2 & 8/4

Cephalosporins (parenteral) Cefuroxime e 0.5 1 & 2
Cefotaxime or ceftriaxone e 1 2 & 4
Cefepime e 1 2 & 4

Cephalosporins (oral) Cefuroxime axetil e 1 2 & 4
Cefaclor e 1 2 & 4

Carbapenems Imipenem e 0.12 0.25–0.5 & 1
Meropenem e 0.25 0.5 & 1

Glycopeptides Vancomycin e 1 – –

Macrolides Erythromycin/clarithromycin e 0.25 0.5 & 1
Azithromycin e 0.5 1 & 2

Fluoroquinolones Levofloxacin e 2 4 & 8
Moxifloxacin/gatifloxacin e 1 2 & 4
Grepafloxacin/sparfloxacin e 0.5 1 & 2

Lincosamides Clindamycin e 0.25 0.5 & 1

studies have been put forward, including antibiotic
synergy, coverage of unrecognized atypical pathogens,
and immunomodulatory effects [57]. There is also
some evidence that third-generation cephalosporins
may be superior to penicillins as the non-macrolide
component of combination therapy [60]. Cefotaxime,
ceftriaxone, or amoxicillin/clavulanate are the pre-
ferred agents for pneumococcal pneumonia. Several
studies found a significant association between mortal-
ity and strains with a cefotaxime MIC of 2.0 µg/ml or
greater when underlying conditions were controlled
for. In view of the results of this study, and following the
recommendations of a panel of CDC experts, the Clini-
cal Laboratory Standard Institute (formerly the
NCCLS) raised the breakpoints for cefotaxime, ceftria-
xone and amoxicillin in non-meningeal infections (Ta-
ble 36.3) [61, 62].

Optimal therapy against Legionella infection is
based on agents with high intrinsic activity and an ap-
propriate pharmacokinetic and pharmacodynamic
profile (including the ability to penetrate phagocytic
cells) [26, 27]. New macroazolides and fluoroquinolo-
nes are among the first-line therapies. In severe infec-
tions, particularly those occurring in immunocompro-
mised patients, azithromycin and later fluoroquinolo-
nes are the agents of choice.

Severe structural lung diseases, recent antibiotic
therapy and recent hospitalization have been classical-
ly considered as risk factors for Pseudomonas aerugi-
nosa infection [1, 10–12]. Recently, COPD, malignancy,
and rapid X-ray spread were associated with severe
Pseudomonas pneumonia [9]. Previously, in a group of
patients who underwent intubation, P. aeruginosa was
the third most frequent responsible pathogen [20].

These findings suggest that due to its high mortality
rate P. aeruginosa should be covered in the empiric
therapy of all intubated patients (especially patients
with COPD, malignancy, previous antibiotic therapy or
rapid X-ray spread) while awaiting bacteriology re-
sults. If P. aeruginosa is an issue, the recommendation
is to use two antipseudomonal agents that also provide
coverage for drug-resistant Streptococcus pneumoniae
(DRSP) and Legionella species: an antipseudomonal
agent plus ciprofloxacin, or an antipseudomonal agent
plus an aminoglycoside plus a respiratory fluoroquino-
lone or a macrolide are recommended [1, 10–12].

Treatment options should be simplified if an etiolog-
ic diagnosis is established or highly suspected on the
basis of rapid test results.

36.6
Assessment of a Nonresponding Patient

Evolution of patients with CAP within the first
2–5 days is crucial. Few data are available regarding pa-
tients who fail to respond and whose condition deterio-
rates after hospitalization for CAP, or regarding the im-
pact of antibiotic resistance in respiratory pathogens
on outcome.

Febrile curve, hemodynamic and respiratory failure
resolution, serum concentrations of CRP (C-reactive
protein), white blood cell count resolution, and chest
X-ray evolution are the variables used to classify clini-
cal response in patients with CAP [63–64]. Age and co-
morbid conditions have a strong influence on the
course of illness [65–73]. However, when patients fail
to respond or their condition deteriorates after initia-
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tion of empiric therapy, a number of possibilities
should be considered. Incorrect diagnosis may be re-
sponsible for this failure: congestive heart failure, pul-
monary embolus, atelectasis, sarcoidosis, neoplasms,
radiation pneumonitis, pulmonary drug reactions,
vasculitis, ARDS, pulmonary hemorrhage, and inflam-
matory lung disease. If a correct diagnosis has been
made but the patient fails to respond, the physician
should consider each component of the host-drug-
pathogen triad. Inadequate host-pathogen responses
are responsible for most treatment failures: age, multi-
ple coexisting illnesses, severity of disease, multilobar
pneumonia, bacteremia, and complications of pneu-
monia (metastatic infections and non-infectious extra-
pulmonary complications) [1, 10]. Inadequate therapy
is a less frequent cause of failure, and can be prevented
by rational application of the current antibiotic guide-
lines [1, 9–10, 63]. An additional consideration is that
the patient may have CAP caused by an opportunistic
organism (tuberculosis, Nocardia sp., P. jiroveci). Pre-
vention of potential failures and early identification
and treatment of their causes may improve patients’
outcome [63]. When a patient fails to respond to initial
empiric therapy specific tests should be considered. CT
scanning and bronchoscopy may be of help, and open
lung biopsy may be necessary.
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27. Sabrià M, Pedro-Botet ML, Gómez J, Roig J, Vilaseca B, So-
pena N, et al. (2005) Fluoroquinolones vs macrolides in the
treatment of Legionnaire’s disease. Chest 128:1401–5

28. El-Ebiary M, Sarmiento X, Torres A, Nogué S, Mesalles E,
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37 Legionnaires’ Disease
J. Roig, M. Sabria, X. Castella

37.1
Epidemiology
37.1.1
Prevalence and Incidence in the Community
and Hospital Setting

The incidence of legionnaires’ disease (LD) seems to in-
crease with age, particularly in males [36]. It was con-
sidered an infrequent cause of pneumonia in the past,
but it currently ranks second to pneumococcus in the
list of etiologic agents of severe community-acquired
pneumonia (CAP) of bacterial origin [2, 24, 60, 89].
Considering less severe cases, in a series of 145 pneu-
monias in which BCYE culture, serology and the Legio-
nella urinary antigen (LUA) test were systematically
applied, Vergis et al. [91] reported a prevalence of LD of
13.7%. In another series of 392 adult patients with CAP
treated in a university hospital, Sopena et al. found a
prevalence of 12.5%, and LD was the second cause of
pneumonia [83].

The incidence of LD is most likely underestimated.
The number of Legionella spp. progressively identified
as a cause of severe pneumonia is increasing and most
of these species are not detected by routine laboratory
tests. Legionella waltersii is the last Legionella species
associated with severe pneumonia [43]. Although LD
tends to occur more frequently during summertime, it
seems that wet, humid weather is significantly associat-
ed with the acute appearance of this disease [27]. Al-
though the expected rate of legionellosis in the USA
ranges from 8,000 to 18,000 cases yearly [53], the mean
number of cases reported to the Center for Diseases
Control (CDC) from 1980 to 1998 was 360 per year [5].
According to the European Working Group for Legio-
nella Infections (EWGLI), the number of cases in the
European dataset provided by more than 30 countries
increased from 1,255 in 1995 (annual incidence rate of
3.7 per million population) to 4,588 in 2004 (annual in-
cidence rate of 10.1 per million population) [69]. How-
ever, in some eastern European countries, this inci-
dence continued to be below 1 case per one million in-
habitants [40]. Reporting Legionella infection is not
mandatory in many European countries and in some
geographic areas, especially those with a more de-

pressed economy, LUA is not usually ordered in most
cases of CAP.

Legionella infection has also been considered a rare
cause of hospital-acquired pneumonia (HAP). Howev-
er, the majority of published studies have been con-
ducted in the ICU setting or only in mechanically venti-
lated patients. ICUs are usually well delimited areas
with a relatively small number of patients who are not
usually exposed to aerosols (showers, hot tap water).
That is why LD has rarely been detected in ICUs with
the only exception of those cases associated with the
use of contaminated water in nasogastric tubes or me-
chanical ventilation equipment [11].

Legionella infection has been increasingly recog-
nized as a cause of HAP, especially in non-ICU areas.
Environmental studies have demonstrated that coloni-
zation of the potable water distribution is a common
feature in many hospitals [76]. When the water supply
of a hospital is known to be colonized by Legionella, the
index of suspicion of infection by Legionella rises and
appropriate testing is then systematically ordered.
Consequently, sporadic cases of LD and nosocomial
outbreaks are then more frequently reported and even
historical cases, previously unrecognized, are retro-
spectively identified. [44, 47]. Everts et al. reported a
series of HAP in which Legionella was the most fre-
quent cause of nosocomial pneumonia [22]. In a multi-
center study performed in 12 Spanish University hospi-
tals, with active surveillance of HAP in non-ventilated
patients and systematic use of LUA test, L. pneumophila
was diagnosed in seven patients in five different hospi-
tals not in an outbreak setting [78]. In one hospital, it
was the first case of nosocomial legionellosis diagnosed
in that center [85]. Diagnosis of Legionella should be
considered in any case of HAP in a hospital with water
distribution known to be colonized by these microor-
ganisms [77].

37.1.2
Sources of Infection

Cooling towers and health spas continue to be the most
frequently reported sources of infection in community
outbreaks of LD [6, 18, 30, 31]. Potable water has been
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the environmental source of almost all reported hospi-
tal outbreaks [77]. However, potable water should not
be neglected as a potential source of infection both in
sporadic cases and small clusters detected in the com-
munity [62]. Moreover, cases of LD in newborns, most
likely caused by aspiration of bath water, have also been
reported [80].

37.1.3
Mode of Transmission

The most commonly accepted mechanism of transmis-
sion of Legionella in humans is inhalation of contami-
nated aerosols. However, aspiration of contaminated
water could also be a major mode of transmission, es-
pecially in hospital-acquired legionellosis [77]. In a
prospective study of patients with head and neck can-
cer undergoing tumor resection with postoperative se-
quelae of aspiration, 30% of postoperative pneumonias
were due to L. pneumophila [39]. Surprisingly, several
studies have failed to show a link between showering
and risk of infection [23, 26, 44, 81]. Others have even
reported that showering could be protective for legion-
naires’ disease [7]. The presumed reason for this para-
doxical finding is that patients who are able to take
showers are ambulatory and less likely to aspirate [77].
Nasogastric tubes [52, 90] have been linked to hospital-
acquired legionellosis in several studies; the authors
presumed that microaspiration of contaminated water
was the cause of infection.

37.1.4
Risk Factors

In most cases of CAP caused by Legionella, classical
risk factors such as travel or hotel accommodation are
not identified. Smoking habit is, by far, the most consis-
tently reported risk factor in most series. Underlying
diseases are a major risk factor for the acquisition of Le-
gionella pneumonia, especially in the hospital setting.
Since aspiration is increasingly recognized as a mode of
transmission, patients with swallowing disorders or
those who undergo surgery requiring general anesthe-
sia are at greater risk. The single most important factor
is organ transplant. Among organ receptors heart
transplants show the highest incidence and bone mar-
row transplants the lowest one [54, 68]. Steroid admin-
istration is an independent risk factor [44, 47]. Other
forms of immunocompromise may also predispose to
LD [48]. Paradoxically, AIDS patients do not appear to
be at increased risk for hospital-acquired legionnaires’
disease [63].

37.2
Clinical Features

The non-specific clinical data of LD cannot usually be
distinguished from those found in typical bacterial
pneumonia caused by other aerobic microorganisms.
Initial retrospective series suggested that clinical find-
ings such as diarrhea or central nervous system symp-
toms were so frequent in legionellosis that they could
be considered as highly suggestive of LD [41]. Later
studies have already emphasized the lack of usefulness
of those allegedly distinctive clinical data [25, 70]. Pro-
spective, randomized, comparative studies between
CAP and HAP caused by Legionella and those caused
by other bacterial etiologies have shown that there is a
marked overlap between clinical, radiological and ana-
lytical signs [35, 51, 70, 92, 93]. Serum levels of inflam-
matory markers, such as C-reactive protein, procalcito-
nin and neopterin, are often high in LD [1, 28, 65].
However, the clinical or therapeutic implications of this
analytical finding remain obscure. The uncertainty in
clinical differential diagnosis of CAP and HAP, as well
as the potential severity of LD, supports the choice of an
antibiotic that is also effective against Legionella in the
initial therapeutic approach of most instances of hospi-
talized CAP and at least in suspicious epidemiological
situations in the case of HAP.

In some cases of Pontiac fever, usually a flu-like be-
nign illness, shortness of breath and an abnormal oxy-
gen saturation have been reported [13]. In the popula-
tion with advanced emphysema or sevre immunocom-
promise that present with fever of unknown origin, a
normal chest X-ray does not completely rule out pneu-
monia [12, 66], including that caused by Legionella spp.
(personal observation). In this group of patients, com-
puted tomography of the chest is recommended since
an early diagnosis and therapy of radiologically unsus-
pected pneumonia are favorable prognostic factors.

37.3
Diagnosis

Definitive diagnosis of LD is established by recovery of
the microorganism from respiratory secretions on
BCYE. The selective medium recommended is BCYE-
alpha supplemented with polymyxin B, anisomycin,
vancomycin and dyes (PAV). To optimize the recovery
of Legionella some authors recommend the use of two
more media: BCYE media, PAV and BCYE supplement-
ed with polymyxin, anisomycin, cefamandole and dyes
(PAC) [87]. The addition of dyes facilitates the visuali-
zation of the colonies, making identification of L. mic-
dadei and L. maceachernii easier. Pretreatment of spu-
tum with acid is necessary to reduce the overgrowth of
other bacteria. Vancomycin containing medium is pre-
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ferred when L. micdadei is an issue since cefamandole
inhibits this species [57]. The quality of sputum does
not necessarily correlate with recovery of Legionella.
This microorganism has been recovered from so-called
inadequate specimens for culture (few polymorphonu-
clear leukocytes and numerous epithelial cells). Culture
of respiratory samples continues to be the most valid
diagnostic method and should be mandatory in all cen-
ters. The isolation of Legionella allows its microbiolog-
ic classification and subtyping by DNA studies. Molec-
ular typing is crucial to establish an epidemiological
link between environmental and clinical isolates.

Direct fluorescent antibody (DFA) is a rapid test for
diagnosing LD, with results available within a few
hours. DFA allows direct visualization of Legionella.
Monoclonal antibodies against L. pneumophila are
used in the DFA test. The sensitivity of this test is low
(30–70%) due to the large respiratory inocula re-
quired. Thus, in severe pneumonia with large infil-
trates, DFA is often positive. The test should always be
performed by an experienced technician.

Diagnosis by serology requires a fourfold rise in an-
tibody titers from 1 to 128 in acute and convalescent se-
ra. A single titer of 1:256 is not, at present, considered
specific enough for diagnosing LD [64]. It should not be
used as criteria of definitive diagnosis of LD. Convales-
cent sera should be obtained at 4–6 weeks after presen-
tation of the disease. It should be taken into account
that antibody response may be delayed as long as
3 months after onset of the illness. A lack of antibody
response has been observed by some authors [15]. Se-
rology is a useful tool for epidemiological studies but it
is clearly unhelpful in the acute setting.

The detection of the Legionella urinary antigen is a
very useful technique to diagnose LD. The urinary anti-
gen is detected very early during the course of the dis-
ease and usually disappears within 2 months, although
its excretion may be longer, particularly in patients re-
ceiving immunosuppressive or steroid treatment [84].

The main limitation of the urinary antigen is that it
only detects the soluble antigen of L. pneumophila sero-
group 1. However, its usefulness is reinforced by the
fact that this serogroup causes at least 80% of cases of
LD [94]. Several kits are currently available for deter-
mining Legionella urinary antigen: Binax (Legionella
Urinary Antigen, Binax, Portland, USA), Biotest (Bio-
test AG, Dreieich, Germany) and Bartels (Bartels EIA
Legionella Urinary Antigen, Intracel, Issaquah, Wash-
ington USA). Some authors have observed an increase
in the sensitivity of the test, without any decrease in
specificity, if urine is concentrated [17].

A rapid immunochromatographic assay has been
developed by Binax (Binax Now Legionella Urinary An-
tigen, Portland USA) to detect L. pneumophila serogro-
up 1 antigen in urine. This test has shown to be useful
as a method of rapid screening in both sporadic cases

and outbreaks. The sensitivity and specificity of this
test are similar to those reported with ELISA. This test
considerably reduces the time required for detecting
Legionella urinary antigen with ELISA assays. It is par-
ticularly useful for small laboratories without the spe-
cialized equipment required to use ELISA or when the
number of samples to be tested is small.

Some authors have suggested that, in the outbreak
setting, the sensitivity of urinary antigen test is related
to the degree of severity on clinical presentation [8].
However, the reported low mortality of this series
(<4%) raises some concern about the actual clinical
relevance of this study.

DNA amplification by polymerase chain reaction
(PCR) of Legionella has been tested in several speci-
mens from patients with pneumonia [58]. A rapid real-
time PCR assay for L. pneumophila is now commercial-
ly available (BD Probe-Tec, BD Diagnostics, Sparks,
Maryland, USA) [67]. However, clinical experience
with the use of PCR techniques is still very limited. Al-
though the number of cases of LD that are diagnosed
exclusively on the basis of PCR testing is increasing,
controlled studied are needed to establish the clinical
usefulness of this technique [32, 42, 55].

37.4
Treatment

In vitro susceptibility studies do not correlate with
clinical efficacy since Legionella is an intracellular
pathogen. Treatment guidelines are supported by data
obtained from in vitro studies, experimental studies
with the animal model, and observational studies,
some of which come from prospective clinical studies
in CAP. Optimal therapy against Legionella infection is
based on agents with high intrinsic activity, an appro-
priate pharmacokinetic and pharmacodynamic profile,
including the ability to penetrate phagocytic cells, a low
incidence of adverse reactions and an advantageous
cost-efficacy relationship.

Retrospective information from the first studies of
LD provided very useful clues of which antibiotics were
really clinically effective [16]. It became evident that
erythromycin treated patients showed the lowest mor-
tality rate (6%) while those cases that were treated with
aminoglycosides, beta-lactamic antibiotics or chloram-
phenicol showed a 30–40% fatality rate.

Since then, a number of clinical studies have proven
that erythromycin is highly effective against Legionel-
la, and until some years ago it was considered the treat-
ment of choice. In fact, a series published in 2003 con-
firms that it continues to be an effective agent [37].
Route, dose and length of administration of erythro-
mycin are critical factors in obtaining a maximum ef-
fectiveness. The recommended optimal dosing of 1 g IV
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Table 37.1. Recommended
therapy in legionnaires’
diseasea

Antimicrobial agents Dosage Route

Macro-azalidesb Azithromycind 500 mg every 24 h IV, p.o.
Clarithromycin 500 mg every 12 h IV, p.o.
Erythromycinc 1 g every 6–8 h IV, p.o.

Tetracyclines Doxycycline 100 mg every 12–24 h IV, p.o.

Fluoroquinolones Levofloxacind 500–750 mg every 24 h IV, p.o.
Moxifloxacind 400 mg every 24 h IV, p.o.
Gemifloxacine 320 mg every 24 h p.o.
Gatifloxacine 200–400 mg every 24 h IV, p.o.
Ciprofloxacin 400 mg every 8–12 h IV

500–750 mg every 12 h p.o.
Ofloxacin 400–800 mg (total daily dose) IV, p.o.

Ketolides Telithromycine 800 mg every 24 h p.o.

a Oral therapy is recommended only in those mild cases that do not require hospitalization.
Some antibiotics are only commercially available in selected countries

b In mild cases other oral macrolides are also effective: josamycin (1 g every 12 h), roxithromy-
cin (150 mg every 12 h), dirithromycin (500 mg every 24 h)

c Less active than other macrolides; risk of fluid overload, phlebitis and transitory deafness with
IV administration

d Recommended in the more severe cases, particularly in the immunocompromised
e Because of short accumulated clinical experience their use is recommended only in mild to

moderate cases

every 6 h is associated with some side effects [72], such
as risk of fluid overload and transitory deafness.

Other more recent macrolides share with erythro-
mycin the ability to penetrate phagocytic cells with the
advantage of showing an overall better intrinsic activi-
ty against Legionella. Besides this superior in vitro ac-
tivity against Legionella, they offer pharmacokinetic
and pharmacodynamic advantages. Relatively minor
differences in the in vitro activity among the new mac-
rolides have also been found in different comparative
studies [3]. Consequently, the treatment of choice has
changed from erythromycin to the newer macrolides
and fluoroquinolones (Table 37.1). Recent studies [9,
59, 79], which unfortunately show many limitations be-
cause of methodological drawbacks [46], suggest that
in terms of mortality and complications both macroli-
des and fluoroquinolones are equivalent for most cases
of LD that require hospitalization. At least in experi-
mental studies, monotherapy with rifampicin has been
associated with a rapid development of resistance.

Duration of therapy has to be decided on an individ-
ualized basis.

Combined therapy is recommended for severe epi-
sodes by some international guidelines, but there is no
evidence supporting this suggestion. For most patients
monotherapy with a macrolide or a selected fluoroqui-
nolone usually leads to a more cost-effective outcome
[20, 21, 73, 74].

Recent data from a Spanish multi-center severe CAP
study [10] suggest that in the subset of patients with
most severe legionnaires’ disease [74], the majority of
them under mechanical ventilation, combined therapy
is most likely associated with a better outcome when
compared to monotherapy. The most frequently used

combined therapy in this study was clarithromycin as-
sociated with rifampicin. It is not clear which combined
antibiotic approach is preferable although rifampicin is
the most commonly used agent in combination thera-
py. Given that the risk of transient liver toxicity (hyper-
bilirubinemia) related to rifampicin therapy seems to
increase with the length of treatment, we recommend
using it for just a few days [38].

Additional toxicities of combining more than one
antibiotic should be taken into account, particularly in
the intensive care unit setting.

Rifampicin appears to add little to the activity of the
more active drugs in cell models of infection but, at
least in guinea pigs, it seems to be beneficial in combi-
nation with erythromycin, and probably clarithromy-
cin. The combination of erythromycin and rifampicin
has been reported to be more active against L. pneumo-
phila than other options such as combining erythromy-
cin and ciprofloxacin or rifampicin and ciprofloxacin
[56]. In guinea pigs the addition of rifampicin causes a
higher rate of bacterial killing, a decrease in the extent
of pneumonia, and a lower mortality rate [19, 33].

Respiratory failure, particularly when adult respira-
tory distress syndrome (ARDS) is present, is a major
cause of fatality [4, 29, 73]. In patients that require me-
chanical ventilation, the goal is to improve gas inter-
change and avoid causing ventilatory-induced lung in-
jury, maintaining plateau pressures under 25. A strate-
gy of ventilation using low tidal volumes (<7 ml/kg) is
recommended to protect the lung in acute lung injury.
Patients with LD and ARDS may most likely benefit
from this approach. FiO2 should be minimized to target
an acceptable SaO2 up to 90%. Recruitment maneuvers
may prevent alveolar collapse and improve oxygena-
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tion. Ventilating patients in the prone position may be
used as rescue therapy for the most severe episodes.
Preliminary studies in the animal model have raised
some concern about the risk of hyperoxia in severe le-
gionellosis. Extra-corporeal membrane oxygenation
(ECMO) has been anecdotally reported as a successful
therapeutic option in treating severe Legionella-associ-
ated ARDS. Since many patients may recover, even
without sequelae, after many days of mechanical venti-
lation, an aggressive approach is mandatory whenever
respiratory failure appears.

Shock and acute renal failure are both associated
with a high risk of death [29, 72, 73]. Hemodynamic

Table 37.2. Extrapulmonary manifestations of legionnaires’
disease

Cardiovascular Pericarditis, myocarditis,a endocarditis,
aortic graft involvement

Neurological Encephalitis that may mimic that caused
by herpes, brain abscess, cerebellar atax-
ia,a corpus callosum involvement

Digestive Colon involvement that may mimic ul-
cerative colitis, pancreatitis, digestive
tract abscess, liver involvement, spleen
rupture, severe diarrheaa

Renal Kidney abscess, acute renal failure, inter-
stitial nephritisa

Blooda Thrombopenia, disseminated intravascu-
lar coagulation (DIC)

Joint and bone Arthritis,a osteomyelitis

Miscellaneous Wound infection, cellulitis, rhabdomyo-
lysis, post-traumatic stress disorder

a Some of these manifestations are just reactive and they do
not mean real local infection. A short course of steroid thera-
py may then be useful

Table 37.3. Polymicrobial infectiona in legionellosis

Other Legionella
spp.

Dual infections by different species of
Legionella and different serotypes of
L. pneumophila

Other bacteria Streptococcus pneumoniae, Proteus mira-
bilis, Staphylococcus aureus, Escherichia
coli, Prevotella intermedia, Enterococcus
facium, Enterobacter cloacae, Klebsiella
pneumoniae, Haemophilus influenzae,
Streptococcus mitis, Listeria monocytoge-
nes, Nocardia asteroides, Neisseria men-
ingitides

Mycobacteria Mycobacterium tuberculosis

Virus Herpesvirus, influenza, cytomegalovirus

Fungus Aspergillus, Cryptococcus

Parasites Pneumocystis jiroveci, Leishmania

a Alleged mixed infections with Mycoplasma pneumoniae,
Chlamydia pneumoniae and Coxiella burnettii have been re-
ported on the basis of serology, which raises much concern
about specificity

Extrapulmonary manifestations of legionellosis are
uncommon and tend to occur in patients with immu-
control is the cornerstone of therapy in those patients
with hemodynamic instability. If deterioration of renal
function occurs, appropriate therapeutic measures in-
cluding diligent administration of substitutive treat-
ment are mandatory until complete recovery of the re-
nal function is achieved.

It is possible that some selected, non-immunocom-
promised patients with severe LD may potentially ben-
efit from a short course of steroid therapy, as has been
suggested in other types of SCAP. However, there is no
good evidence to recommend this approach routinely.
Steroids may also be useful in the proliferative phase of
diffuse alveolar damage (in patients with ARDS), in
some reactive extrapulmonary manifestations (arthri-
tis, myocarditis, renal, neurological or hematological
features), and when an inflammatory pattern is identi-
fied in representative samples of lung tissue in patients
with a protracted course [73, 75].
nocompromise (Table 37.2). Suppurated focus of infec-
tion should be drained by catheter insertion or per-
forming a surgical procedure [61, 72].

Mixed infections in legionellosis should be kept in
mind in the inmunocompromised population since
there are many reports of death when clinicians failed
to identify and treat the dual component of infection
[72, 73]. A list of these mixed infections is enumerated
in Table 37.3.

A proposed algorithmic approach to severe legionel-
losis with poor clinical resolution is suggested in
Fig. 37.1. In patients with delayed resolution, superin-
fection by Pseudomonas aeruginosa should be suspect-
ed early. In patients with persisting or relapsing Legio-
nella infections development of antibiotic resistance
has never been reported [72, 73].

37.5
Prognostic Factors

An early, appropriate treatment usually implies a better
outcome and a lower mortality rate, particularly in
those cases with severe clinical presentation that re-
quire admission to the intensive care unit [29]. Severe
disease itself, acute renal failure, smoking habit, and
immunocompromise are the most consistently identi-
fied prognostic factors of death in LD [72, 73].

In our experience (data from the CAPUCI study pre-
sented at the 6th International Conference on Legionel-
la, Chicago, 2005), we identify the following variables
as being significantly associated with death: immuno-
compromise, shock, acute renal failure and APACHE II
score >15. Diabetes mellitus was another variable asso-
ciated with a trend to lower survival. On univariate lo-
gistic regression analysis the following variables were
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Co-infection
legionella and
another agent

Superinfection
by another

agent

Only
legionella

Consider lung
biopsy

Treat according
to identification

Adjunctive
therapy

Maintain
antibiotic

Only
inflammation

Consider
steroids

+ −

Search for microorganisms

Fibreoptic
bronchoscopy

Severe legionellosis with
a protracted course

Fig. 37.1. Proposed algorith-
mic approach to manage-
ment of intubated patients
with non-resolving legionel-
losis. (From Roig and Rello,
JAC 2003; 51:1119–1129;
with permission of The Brit-
ish Society for Antimicrobial
Therapy)

also found to be associated with death: diabetes melli-
tus, APACHE score and Acute Physiologic Score. The
only variable that remained statistically significant on
multivariate logistic regression analysis was APACHE
score (OR 1.86) at UCI admission.

37.6
Prevention

The ubiquity of Legionella makes it very difficult to
control LD, especially in the community setting, where
the potential sources of infection are diverse. A correct
design of the installations at risk and a strict obser-
vance of the maintenance schedules are crucial issues
in preventing LD outbreaks. However, sporadic cases of
LD in the community are difficult to prevent. Despite
our increased knowledge about the sources, transmis-
sion and predisposing factors to acquiring Legionella
infection, many aspects of LD prevention are still con-
troversial. The exact role of the cooling towers in spo-
radic cases is insufficiently known. On the other hand,
some cases of community-acquired LD may be associ-
ated with contamination of domestic water supply. As-
piration, especially in the elderly with swallowing dis-
orders, could then play an important role in the patho-
genesis of this disease.

Hot water distribution systems constitute the main
reservoir for Legionella in hospitals. In fact, this coloni-
zation is a challenge for traditional disinfection meth-
ods. Legionella colonization of cold water systems is
usually much lower. Disinfection with chlorine is a use-
ful and cost effective measure in the latter setting. A
strict control of the key points of water distribution
supply and adequate maintenance of chlorination lev-
els [77] is strongly recommended.

When distal sites from a hospital water distribution
system are positive for Legionella, strategies to mini-
mize the problem are needed, particularly if cases of
HAP by Legionella have been eventually detected.
Thus, review of hydromechanical systems, temperature
control of hot water and chlorine levels, as well as
maintenance procedures are mandatory. It is generally
agreed that the most effective control is to keep the wa-
ter temperature above 50°C. This approach does not
guarantee the elimination of Legionella from the water
supply but at least minimizes the inoculum and could
be effective in preventing cases of HAP by Legionella.
However, if cases of LD continue to appear, comple-
mentary measures of disinfection are then required.
Superheat and flush methods have been used for shock
disinfection in cases of heavy contamination of water or
in the setting of hospital outbreaks. However, the effi-
cacy of disinfection measures may be only transitory
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and recolonization of Legionella followed by new cases
of HAP by Legionella has been reported [49].

The most commonly used methods for continuous hot
water disinfection are copper/silver ionization [34, 50,
88]. Some experiences using chlorine dioxide have also
been successful in some hospitals [86]. It has been sug-
gested that monochloramines could be more effective
thanchlorine indecreasingLegionella colonizationofpo-
table water distribution systems of large buildings [45].

Local measures, such as filters, have been used to de-
crease the risk of Legionella infection among severely
immunocompromised patients [82]. Whenever the wa-
ter supply of a health care center has become colonized
by Legionella, some relatively common hospital prac-
tices such as using tap water for oral toilet, nasogastric
tubes, enteral nutrition, pureed diet, medication and
respiratory devices should be prohibited because of the
high risk of aspiration of inpatients [14].
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for Community-Acquired Pneumonia
G.W. Waterer, R.G. Wunderink

38.1
Introduction

The widespread introduction of penicillin in the 1940s
resulted in a substantial reduction in mortality from
community-acquired pneumonia (CAP). However, de-
spite significant advances in medical science, only a
small improvement has occurred since, particularly in
patients with bacteremic pneumococcal pneumonia [1,
2]. Even modern intensive care has only made a small
difference to the mortality in patients with severe pneu-
monia [3, 4]. While the aging population, increased
number of patients with severe co-morbid illnesses, and
the human immunodeficiency virus (HIV) epidemic
have certainly contributed to the persistently high mor-
tality rate [2, 5, 6], apparently healthy, immunocompe-
tent patients continue to die from CAP. Disturbingly, a
recent British Thoracic Society study concluded that no
available therapy could substantially reduce the mortal-
ity rate from severe CAP in young adults [7].

While some causative microorganisms, such as
Pseudomonas, and some strains of common causative
microorganisms appear to be more virulent, the major-
ity of CAP patients who die are infected with organisms
sensitive to commonly prescribed antibiotics. Even the
recent emergence of high level penicillin-resistant
strains of S. pneumoniae has not significantly increased
the mortality of CAP. Given that most CAP patients die
despite microbiological confirmation that they re-
ceived appropriate antibiotic therapy, the introduction
of new antibiotic classes is unlikely to reduce mortality
further. For this reason, research has been directed into
non-antibiotic therapeutic measures.

Generally, supportive measures for CAP can be sep-
arated into two categories – (1) immunomodulatory
therapy for the systemic inflammatory response in-
duced by pneumonia and (2) support for the gas ex-
change abnormalities unique to a pulmonary source of
sepsis. Chapter 16 focuses on potential immunomodu-
latory therapies in patients with sepsis, including pneu-
monia. This chapter will focus on a few pneumonia-
specific immunomodulatory therapies and other ad-
vances in the intensive care management of patients
with severe CAP.

38.2
Pneumonia-Specific Immune Therapies
38.2.1
Corticosteroids

Although discussed in Chapter 16, a more detailed dis-
cussion of the recent controversy over high dose corti-
costeroids in patients with CAP is warranted.

The best evidence of benefit for corticosteroids
comes from studies in specific, narrowly defined
groups of CAP patients caused by less common agents.
Randomized, controlled trials have shown corticoste-
roids reduce mortality in AIDS patients with Pneumo-
cystis carinii pneumonia and significant hypoxia, if in-
stituted at or prior to the onset of anti-pneumocystis
therapy [8, 9]. Based on a small, retrospective study of
15 subjects, corticosteroids may also improve the out-
come of severe Varicella pneumonia [10]. Anecdotally,
corticosteroids are frequently used in the setting of se-
vere fungal pneumonia, particularly due to Histoplas-
mosis [11, 12], and a small controlled trial of 55 patients
supported their use in miliary tuberculosis [13].

Following the success of pre-antibiotic corticoste-
roids in children with meningitis [14], Marik and col-
leagues [15] studied the effect of a single dose of hydro-
cortisone (10 mg/kg) 30 min prior to antibiotic therapy
in a small randomized placebo controlled trial of 30
adult patients with severe CAP (SCAP). Hydrocorti-
sone had no detectable effect on tumor necrosis factor
alpha (TNF) production in the following 12 h, mortali-
ty (only four deaths) or length of stay in the ICU. While
not encouraging, the small number of subjects studied
(14 received hydrocortisone), the use of only a single
dose and the measurement of only a single pro-inflam-
matory cytokine for only 12 h does not qualify this
study to be a definitive statement on the role of cortico-
steroids in CAP. An important finding of this study was
that beta-lactam antibiotics did not result in a signifi-
cant increase in serum TNF levels, as rapid antigen re-
lease due to bacterial lysis has been postulated as a po-
tential cause of deterioration in patients with severe
CAP [16].

Also supporting a possible role for corticosteroids in
severe CAP, Montón and co-workers [17] studied the
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effect of intravenous methylprednisolone on broncho-
alveolar lavage fluid (BALF) and serum cytokines in 20
patients with severe nosocomial pneumonia or CAP.
The 11 patients who received methylprednisolone had
significantly lower serum and BALF TNF, interleukin
(IL)-1 q , IL-6 and C-reactive protein. There was also a
non-significant trend to lower mortality in the steroid
treated group (36% vs. 67%).

Recently, Confalonieri and colleagues compared in-
travenous hydrocortisone (200 mg bolus followed by
10 mg/h for 7 days) with placebo in 46 patients with se-
vere CAP admitted to the ICU [18]. The trial was
stopped early after an interim analysis showed a signif-
icant mortality benefit in the steroid group (0% vs
30%, p=0.009). However, the mortality difference was
driven by deaths after day 8 and a high incidence of “de-
layed septic shock”. The marked incidence of this sce-
nario has not been seen in any other SCAP study. Sig-
nificant differences in the percent of patients who re-
ceived noninvasive ventilation rather than intubation
and mechanical ventilation also compromise the data
regarding a beneficial effect of steroids on gas ex-
change. Noninvasive ventilation has been shown by the
same group to decrease mortality compared to invasive
ventilation [19]. The statistical design of the study led
to an early closure of the study, limiting the ability to
exclude the possibility that other factors explain the
mortality difference. The complete absence of any mor-
tality in the corticosteroid group has also raised signifi-
cant concerns about potential bias in patient selection
and whether either the control or case cohort were tru-
ly representative of the general group of patients with
severe CAP.

Despite the reservations, all three pilot studies sug-
gested a trend toward benefit with steroids so further
clinical studies clearly need to be conducted.

38.2.2
Prostaglandin Inhibitors

Prostaglandin antagonists are worth special comment
as they have been studied in animal and human pa-
tients with pneumonia. Ibuprofen reduced the intra-
pulmonary shunt fraction from 29% to 21% in dogs
with lobar pneumonia [20], with a corresponding de-
crease in the consolidated area of lung. Acetylsalicylic
acid had a similar effect, reducing the shunt fraction
from 38% to 23% [20]. The mechanism is unclear but
may be due to reversal of prostaglandin inhibition of
the hypoxia-induced pulmonary vasoconstriction.

In a small study of ten subjects with pneumonia re-
quiring mechanical ventilation, Hanley et al. [21] stud-
ied the effect of indomethacin (1 mg/kg oral or rectal)
on arterial oxygenation. Five subjects had substantial
improvement in oxygenation with a small improve-
ment in three additional patients. Improvement tended

to occur in the patients with the greatest degree of hyp-
oxemia. As ibuprofen administration appears to be rel-
atively safe, even in the setting of sepsis [22], further
studies are warranted.

In contrast, Ferrer et al. found a 2 g infusion of ace-
tylsalicylic acid (ASA) had no effect on arterial oxygen-
ation in seven patients with severe unilateral pneumo-
nia [23]. Although intrapulmonary shunting did re-
duce by a small amount (28±17% vs. 23.5±13%), the
lack of clinically apparent benefit was discouraging.
Several possible explanations were advanced to explain
the discrepancy between this study and that of Hanley
et al. Clearly, a difference in efficacy between ASA and
indomethacin may be the cause. However, the subjects
in the study by Hanley et al. were also more severely
hypoxic, with a mean Pa02/Fi02 of 138 compared to 168.
In any event, it would seem reasonable for future stud-
ies to use indomethacin in preference to ASA.

38.2.3
Immunoglobulin Enhancement

Before the advent of antibiotic therapy, passive immu-
nization with serum was used with some success in pa-
tients with pneumonia [24]. Mortality was reduced by
approximately 10% in most age groups with a dimin-
ishing effect in patients over the age of 60. With the ex-
ception of patients with specific immunoglobulin defi-
ciencies, this therapy has largely been abandoned due
to the much greater efficacy of antibiotics in addition to
the difficulty, and cost, of obtaining sufficient serum.
The development of new antiviral drugs has also largely
obviated the anecdotal use of hyper-immune serum in
cytomegalovirus and varicella pneumonitis.

While the overall efficacy of pneumococcal immuni-
zation is unclear, especially in the elderly with some co-
morbid illnesses, several studies and a meta-analysis
have suggested that even if pneumococcal pneumonia
is not prevented, the incidence of invasive pneumococ-
cal disease is decreased.

The use of specific anti-pseudomonal exotoxin anti-
bodies has been tried as an adjunct to antibiotics with
some success in mice [25] and guinea pigs [26], and
Pseudomonas specific vaccines have enhanced antibiot-
ic response in guinea pigs [27]. Anti-pseudomonal an-
tibodies appeared safe in human subjects with evi-
dence of increased opsonophagocytic activity in a
small phase I study of 20 subjects [28], but further stud-
ies are required to determine whether they have any
clinically relevant effect. In human sepsis studies, ge-
neric anti-endotoxin strategies have so far been disap-
pointing [29, 30]. Although they have not specifically
been studied in pneumonia, the primary site of sepsis
in many of the patients in these studies was the lung, in-
dicating a low likelihood of benefit.
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38.2.4
Macrophage Enhancement

Legionella pneumophila is consistently identified as a
leading cause of CAP, particularly in patients with se-
vere CAP [31–34]. Unlike pneumococcal pneumonia,
the immune response to Legionella infection is pre-
dominantly of a TH1 type [35] and bacterial killing is
predominantly by macrophages [36]. Skerrett and Mar-
tin studied the effect of interferon gamma (IFN * ), a po-
tent stimulator of macrophage function [37, 38], given
as an intratracheal bolus in rats with experimental L.
pneumophila pneumonia [39]. Intratracheal IFN *
markedly reduced the replication of L. pneumophila in
corticosteroid treated rats, but had no detectable effect
in immunocompetent rats or when given intraperito-
neally.

The ability to give IFN * by aerosol is particularly ap-
pealing since not only are systemic side effects avoided,
but also a much greater effect on intrapulmonary mac-
rophage function is seen compared to systemic admin-
istration [40]. Aerosolized IFN * has also been shown to
be safe in patients with drug resistant tuberculosis [41],
and may have a role in treatment of this condition. Fur-
ther studies of nebulized IFN * , especially in patients
with pulmonary legionellosis, are awaited.

38.2.5
Drotrecogin Alpha (Activated Protein C)

After many unsuccessful trials of non-antibiotic agents
designed to disrupt or ameliorate the pro-inflammato-
ry process driving septic shock and associated organ
failure, activated protein C (drotrecogin alpha activat-
ed) was the first successful agent to reduce mortality in
a large randomized, double blind, placebo controlled
trial [42]. While 28-day mortality was clearly better in
sub-groups of patients who received drotrecogin alpha
activated [42], the subgroup with community-acquired
pneumonia drove most of the benefit of the drug [43],
with the greatest reduction in mortality seen with
Streptococcus pneumoniae infection (RR=0.56; 95% CI
0.35–0.88). The availability of rapid urinary antigen
detection for S. pneumoniae allows this association to
enter clinical decision-making (several references for
urinary antigen). Drotrecogin alpha activated ap-
peared to have a greater effect in single organ failure
than waiting for multiple ( & two) organ failure but
clearly has its greatest benefit in patients who have the
highest acuity of illness. Worsening thrombocytope-
nia, suggestive of early disseminated intravascular co-
agulation, appears to be another important indicator
for patients likely to respond to drotrecogin alpha acti-
vated [44]. While different criteria for the administra-
tion of drotrecogin alpha activated have been estab-
lished in different institutions around the world, the

presence of pneumonia and shock should prompt phy-
sicians to consider its use as early as is possible.

38.3
Other Supportive Measures

The main additional supportive therapy unique to CAP
is improved oxygenation and secretion clearance. The
remainder of supportive care is not different than that
of other critically ill patients with infection.

38.3.1
Positioning Therapy

CAP is one of the more common causes of severe hyp-
oxic respiratory failure. A common method to improve
oxygenation, the addition of positive end expiratory
pressure, may actually make oxygenation worse in pa-
tients with severe asymmetrical lung disease like CAP.
The PEEP will tend to overdistend the unaffected lung,
increasing pulmonary vascular resistance on the local
area. This overdistension may then direct greater blood
flow to the pneumonic area, especially if hypoxic vaso-
constriction has been blocked by some bacterial prod-
uct.

With extensive unilateral pneumonia, positioning
the ventilated patient in the lateral decubitus position
with the affected lung up has been demonstrated to im-
prove oxygenation [45]. Positioning increases perfu-
sion to the dependent, non-involved lung, increases se-
cretion clearance from the affected lung, and may allow
addition of PEEP without increasing shunt because the
dependent lung is now less compliant and less likely to
become overdistended. The combination of position-
ing and prostaglandin inhibitors is usually adequate to
temporarily improve oxygenation until hypoxic vaso-
constriction is restored.

38.3.2
Differential Lung Ventilation

Differentially ventilating each lung by means of a dual
lumen endotracheal tube may also be beneficial [46,
47]. This allows the use of higher levels of PEEP in the
affected, less compliant, lung and lower levels of PEEP
in the normal lung, thus reducing the risk of barotrau-
ma. A study by Ranieri et al. showing a correlation be-
tween the level of PEEP and pro-inflammatory cyto-
kine production further supports this approach to pro-
tect the ‘normal’ lung [48]. The point at which differen-
tial ventilation is worth commencing is not clear, but
Carlon and colleagues [46] suggest optimal benefit oc-
curs when there is a 200 ml or greater difference in dis-
tribution of tidal volume between each lung.
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38.3.3
Extracorporeal Membrane Oxygenation

ECMO, a modification of cardiopulmonary bypass, was
designed to provide oxygenation in patients with se-
vere respiratory failure. Although available since the
1970s, initial poor results from a National Institutes of
Health sponsored prospective, multicenter random-
ized trial [49] limited the use of ECMO to research cen-
ters. However, a significant reduction in complications
has led to resurgence in interest in ECMO as a means of
providing oxygenation when all other means have
failed.

The role of ECMO has most extensively been studied
in neonates. In newborn infants with respiratory failure
unresponsive to other therapy it has proven highly ef-
fective, having an overall survival of 80% in over 10,000
neonates where nearly 100% mortality would be ex-
pected [50]. Modification of the neonatal ECMO tech-
nique has also been effective in some pediatric patients
with respiratory failure [51], including those with pneu-
monia from both bacterial [52] and viral [53] patho-
gens. As would be expected, as the duration of ECMO
required increases, the prognosis decreases [52].

In the NIH-sponsored ECMO trial, adults with viral
pneumonia did particularly poorly. In a retrospective
review of 100 adults with severe acute respiratory fail-
ure supported with ECMO by Kolla and colleagues [54],
a 53% survival rate was found in the 49 patients with a
primary diagnosis of pneumonia. Although this mor-
tality seems high, patients selected for ECMO had an
expected mortality in excess of 90%. Predictors of poor
response to ECMO were increasing age, days of ventila-
tion prior to commencement of ECMO and the degree
of respiratory failure as measured by the Pa02/Fi02 ra-
tio. Cases of successful intervention in adults with se-
vere Legionella [55, 56], pneumococcal [57] and Vari-
cella pneumonia [58] have all been reported.

The clearest indication for ECMO in adults may be
the Hantavirus pulmonary syndrome (HPS). With no
effective antiviral therapy, care is entirely supportive.
In a small series, the dramatic but time-limited cardio-
vascular and pulmonary hemorrhagic manifestations
of HPS appeared to be well supported by ECMO [59].

ECMO would appear to have a role in some patients
with severe respiratory failure secondary to pneumo-
nia. The timing, duration and patient selection for what
is an expensive, labor intensive therapy remain to be
determined by prospective studies.

38.3.4
Other Therapies

Liquid ventilation with volatile hydrocarbons has been
studied in the management of ARDS. Little data is cur-
rently published on its use specifically in human sub-

jects with pneumonia. In rats given lethal doses of
pneumococci, partial liquid ventilation in combination
with perfluorocarbon doubled survival compared to
antibiotics alone [60].

Nitric oxide (NO) inhalation has also been studied
as adjunctive therapy of ARDS, as well as some other
forms of severe pulmonary hypertension. While no
studies specifically address human patients with pneu-
monia, in dogs with Escherichia coli pneumonia, in-
haled NO had a minimal effect on oxygenation and no
effect on sepsis induced pulmonary hypertension [61].

Since NO is one of the effector molecules released by
macrophages to kill bacteria [62], inhaled NO has a po-
tential antibacterial effect. Hoehn and colleagues stud-
ied the bacteriostatic effect of NO on bacterial cultures
from neonates [63]. At 120 ppm (greater than the usual
dose range of 40–80 ppm) NO inhibited the growth
group B Streptococcus, Staphylococcus epidermidis and
E. coli but not Pseudomonas aeruginosa or Staphylococ-
cus aureus. Further studies will be required to deter-
mine whether inhaled NO has any real bacteriostatic ef-
fect in vivo, particularly as it may have deleterious ef-
fects on the function of neutrophils [64].

Aerosolized prostacyclin has also been shown by
Walmrath et al. to improve oxygenation by reducing
shunt and pulmonary hypertension in patients with
pneumonia [65]. Twelve patients with severe pneumo-
nia (Pa02/Fi02<150), six of whom had interstitial lung
disease (ILD), received varying doses of prostacyclin.
Patients with ILD required substantially larger doses of
prostacyclin to produce a clinical effect. Although its
efficacy has not been compared to NO in patients with
pneumonia, its greater cost is a significant disadvan-
tage.

38.3.5
Clearance of Secretions

Significant accumulation of mucopurulent secretions
can occur in CAP, particularly in patients on mechani-
cal ventilation. Mucus impaction can lead to obstruc-
tion, ranging in severity from linear atelectasis to lobar
collapse.

38.3.5.1
Physical Removal

Clearly the most effective secretion clearance is a spon-
taneous cough. However, the respiratory compromise
often attendant to severe CAP may prevent an effective
cough. Support with noninvasive ventilation (NIV)
may benefit the patient by both improving respiratory
mechanics while allowing the patient to spontaneously
expectorate [66]. However, retained secretions is also
one of the causes of failure of NIV. An important strate-
gy to avoid this complication is to avoid continuous ap-

416 38 Adjunctive and Supportive Measures for Community-Acquired Pneumonia



plication of NIV and actively encourage the patient to
cough during periods off NIV.

In mechanically ventilated CAP patients, removal of
secretions by regular suctioning is essential. The use of
percussion or vibration in ventilated patients has been
associated with worsening of gas exchange and the
benefit in CAP patients in general is unclear.

The benefit of bronchoscopy for secretion removal is
also poorly supported. Bronchoscopy for secretion re-
moval has been associated with an increased risk of de-
velopment of subsequent nosocomial pneumonia [67].
Therefore its therapeutic use should be limited. One of
the few studies on this area has suggested that if lobar
atelectasis is accompanied by an air bronchogram,
bronchoscopy is unlikely to find a mucus plug or bene-
fit the patient.

38.3.5.2
Mucolytics

Changing the rheologic properties of thick tenacious
mucus is often attempted with little scientific support.
Avoidance of dessication and inspissation of secretions
does appear to be important. Adequate hydration may
be the most effective therapy. Intubated CAP patients
with significant secretions are poor candidates for heat
and moisture exchangers and should usually have ven-
tilation initiated with heated humidification.

The pharmacologic intervention most often ordered
is N-acetylcysteine. Most support for this therapy is an
extension of results in some cystic fibrosis patients.
Whether the same benefit can be achieved in CAP pa-
tients is unclear as there is no published data of N-ace-
tylcysteine use in this setting. The potential benefit is
also partially offset by induction of bronchial irritation
and bronchospasm in some patients. Preliminary data
on agents with more physiologic support, such as UTP
[68], are encouraging but need further study. Guaifene-
sin has limited data in non-pneumonia patients and is
unlikely to have a major benefit in intubated CAP pa-
tients. Although a variety of other mucolytic agents are
available, including bromhexine, rhDNase and poly-
myxin B, there is no data to support their use in pa-
tients with pneumonia.

38.4
Conclusion

CAP remains a significant health problem and patients
continue to die despite receiving appropriate antibiotic
therapy. Modification of the host immune response,
both anti- and pro-inflammatory approaches, has yet
to live up to the promise of improved outcome. Despite
this, there is significant reason for optimism. Some im-
munomodulatory therapies clearly have efficacy in

some patients. As our understanding of the immune re-
sponse to pneumonia improves, our ability to tailor
specific therapies for individual patients will also im-
prove, hopefully avoiding the deleterious effects that
have so far prevented the development of an effective
immune based therapy. The possibility of delivering
cytokines directly to the lung, such as with nebulized
IFN * , is a particularly promising way of achieving the
desired pulmonary effect without systemic side effects.

Corticosteroids are currently unique in that they
have a proven role in the therapy of pneumonia due to
P. carinii. Recent research suggests there may be a
much wider therapeutic indication for corticosteroids
in severe CAP and further research is awaited.

Once respiratory failure has ensued, supportive
measures such as patient positioning and differential
lung ventilation can improve oxygenation at no addi-
tional risk in some patients, particularly those with se-
vere unilateral pneumonia. In facilities where ECMO is
available it may be beneficial in selected patients when
all other means of providing respiratory support have
failed. The role of inhaled NO and partial liquid venti-
lation is also currently unclear and awaiting further
study.
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39 Respiratory Infection in Immunocompromised
Neutropenic Patients
S.W. Crawford

39.1
Scope of Problem

Neutropenia is increasingly common in the hospital.
The rise in incidence is due to proliferation of indica-
tions for and centers performing hematopoietic stem
cell transplantation, hematologic effects of AIDS, and
myelosuppressive side-effects of anti-viral and cancer
chemotherapies (Table 39.1). As a result, these neutro-
penic patients are increasingly common in the inten-
sive care units. These patients are often lymphopenic,
anemic, and thrombocytopenic. They are at risk for
multiple organ failures and various infections. This
chapter will focus on respiratory infections in the neu-
tropenic patient.

Table 39.1. Some causes of neutropenia

Drug myelosuppression
Chemotherapy
Ganciclovir
Trimethaprim-sulfamethoxazole

Viral infection
Late stages of AIDS
Herpes viruses

Congenital deficiency
Inherited cyclic neutropenia

Functional defects
Corticosteroids
Chediak-Higashi syndrome
Myeloperoxidase deficiency
Chronic granulomatous diseases

39.2
Neutropenia and the Risk Factors for Infection

The neutrophil plays a key role in the host defense of
extracellular bacteria (especially encapsulated organ-
isms affected by opsonizing antibodies) and the molds
and yeasts. The incidence of serious infection in neu-
tropenic patients increases with the depth, rapidity of
onset, and duration of neutropenia. The risk of infec-
tion increases with an absolute neutrophil count (ANC)
<1,000 cells/mm3, and is significantly higher with an

ANC <500 cells/mm3. A rapid decline in ANC and du-
ration of neutropenia >7–10 days are associated with
an increase in serious, life-threatening infection. Like-
wise, morbidity and mortality are increased in patients
with profound neutropenia (ANC <100/mm3) [1–3].

A study of severe, short-duration neutropenia dem-
onstrates that fungal infections are rare when the ANC
is reduced for less than 5 days. Neutropenic fever devel-
oped in 94% of patients after peripheral stem cell
transplantation [4]. Profound neutropenia was short-
lived (average 5 days) and most patients’ fever defer-
vesced in a median of 4 days. Although bacteremia de-
veloped in 39% (predominately Gram-positive cocci),
only 5% had pulmonary infiltrates and there were no
fungi identified and no infection-related deaths.

Neutrophil function before chemotherapy to treat
leukemia influences infection rates [5]. Patients with a
significant decrease in phagocytic activity of neutro-
phils developed more severe infection or died more of-
ten compared to those with no infection. Study of the
neutrophil oxidative burst capacity suggested that the
neutrophils may have been pre-activated and have re-
duced function prior to the initiation of chemotherapy.

Neutropenia associated with myelosuppression, as
occurs after chemotherapy, rarely occurs in isolation
from other defense defects. Lymphopenia, decreased
humoral immunity, and mucosal barrier defects invari-
ably contribute to the defense abnormalities that predi-
spose to infection in these settings.

Both tumors and chemotherapy contribute to infec-
tion among neutropenic patients. Obstruction of the
lymphatic, biliary tract, gastrointestinal or urinary sys-
tems by tumors or as a result of surgical procedures is a
common cause of infections. Chemotherapy not only
decreases the number of neutrophils, but also results in
chemotactic and phagocytic defects. Chemotherapy,
radiation, peripheral and central intravenous lines,
surgery, or tumor invasion can induce breakdown of
skin and mucosal barriers and can result in bacteremia.
Mucositis may occur throughout the gastrointestinal
system. Translocation of endogenous flora in the GI
tract may explain a majority of febrile neutropenic epi-
sodes.
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39.3
Trends in Infection in the Neutropenic Patient

Historically, Gram-negative bacilli, particularly P. ae-
ruginosa, were the most commonly identified patho-
gens. Data from several sources attest to a decrease in
the incidence of pseudomonal bacteremia and an in-
crease in Gram-positive infections. The use of long-
term indwelling lines accounts for some of the appear-
ance of Gram-positive infections; the empiric antibiot-
ic regimens that were designed to cover P. aeruginosa
may be an additional factor. For example, the inci-
dence of bacteremia due to Gram-negative bacilli in Ja-
pan decreased (40% to 64%) and infections due to
Gram-positive bacteria increased (51% to 24%) in
1991 to 1996 compared to the prior 15 years [6]. Ac-
cording to the 2002 nationwide, concurrent surveil-
lance study (Surveillance and Control of Pathogens of
Epidemiological Importance [SCOPE]) Gram-positive
organisms caused 65% of bloodstream infections,
Gram-negative organisms caused 25%, and fungi
caused 9.5%. The most-common organisms were co-
agulase-negative staphylococci (CoNS) (31%), Staphy-
lococcus aureus (20%), enterococci (9%), and Candida
species (9%) [7].

In the last decade there has been an increasing inci-
dence of Gram-positive cocci infection in the neutrope-
nic population. In these patients, infections with en-
terococci, viridans group streptococci and Candida
species are significantly more common [7]. Notably, re-
ports of Candida species isolates are up 20-fold since
the 1980s. Aspergillus reports have increase 14-fold. In
addition, the number of “unusual” fungal species (Tri-
chosporon, Fusarium, Mucor) is also increased.

Importantly, there has been an alarming increase in
the frequency of antibiotic resistant organism isola-
tion. These pathogens include coagulase negative
staphylococci, methicillin-resistant Staphylococcus au-
reus (MRSA), vancomycin-resistant enterococci (VRE),
and penicillin (ceftriaxone)-resistant S. pneumonia.

39.4
Sites and Causes of Infections

Mortality in the febrile, neutropenic population is high,
in the range of 30–50%. Early studies of empiric anti-
biotics in febrile neutropenia suggested that a majority
of patients had occult bacterial infections. However, an
infectious source is identified in only approximately
30% of febrile neutropenic episodes. Often the only ev-
idence of infection is bacteremia, which occurs in over
20% of patients. Approximately 80% of identified in-
fections are believed to arise from patients’ own endog-
enous flora. The most commonly identified sources of
infection in febrile neutropenic patients with leukemia

are the perineal and perirectal areas, followed by the
urinary tract, skin (including intravenous lines and
wounds) and the lungs. However, among non-hemato-
poietic cancer patients pulmonary infections predomi-
nate. Many infections are detected only at autopsy, par-
ticularly disseminated fungal or combined fungal and
bacterial infections.

There are numerous infections that cause pneumo-
nia in cancer patients [8–10]. Typical bacteria are most
common, accounting for over one-third of infections.
Fungi, viruses, Pneumocystis carinii (PCP), Nocardia
asteroids, and Mycobacterium tuberculosis account for
a measurable number of cases each. Compounding the
difficulty in establishing an etiologic agent, mixed in-
fections may be present in up to 20% of cases.

Evidence suggests that fungal infection is a common
component of neutropenic fever after chemotherapy.
Pneumonia tends to develop several days after the on-
set of fever. Only 27% of febrile neutropenic patients
with pneumonia respond without addition of anti-fun-
gal agents. Over half of documented lower respiratory
infections are due to fungi. Therefore, it is not surpris-
ing that the prognosis is worse for febrile neutropenic
patients who develop pneumonia.

Noninfectious etiologies are common for immuno-
compromised patients with pulmonary infiltrates.
Causes include pulmonary embolus, tumor, radiation
pneumonia, atelectasis, pulmonary hemorrhage, and
drug allergy or toxicity. Aspiration remains an impor-
tant source of pulmonary infection in all compromised
patients.

39.5
Bacterial Pathogens

Viridans streptococci (both mitis and sanguis) have be-
come of major concern in the neutropenic host. These
organisms are associated with 39% of neutropenic bac-
teremia after chemotherapy [11]. The complications
associated with these organisms are: ARDS, shock, and
endocarditis. An ANC <100/mm3 is among the stron-
gest risk factors.

Institutional infection patterns impact the frequen-
cy and type of organisms isolated and a variety of noso-
comial outbreaks in cancer patients have been re-
ported. Some centers have reported an increased inci-
dence of resistant pathogens such as Candida krusei
with the routine use of prophylactic antibiotics and an-
tifungals [12–14]. Antibiotic history, recent culture re-
sults, exposure to prophylactic antibiotics, and the sus-
ceptibility patterns for organisms in the institution
should be used to help guide selection of initial antibi-
otic therapy.
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39.6
Fungal Pathogens

Fungal infections probably represent the greatest infec-
tious risk to neutropenic patients. Fungal infections are
common among neutropenic patients, and usually
arise after prolonged neutropenia and antibiotic use.
Empiric antibiotics promote oral and vaginal coloniza-
tion with yeast, most commonly Candida albicans. He-
pato-splenic involvement is common in patients with
disseminated candidiasis after chemotherapy. Often,
symptoms are absent until the neutropenia resolves.
Current diagnostic tests lack sufficient sensitivity to
distinguish invasive yeast infection from colonization
[15].

The incidence of nosocomial candidal infections
continues to rise in the United States, and C. albicans is
the most commonly identified species. Candidal infec-
tions are associated with the highest mortality rates of
all hospital-acquired bloodstream infections, with sub-
stantial related increases in hospital costs, particularly
length of stay.

The fourth most common pathogens causing noso-
comial bloodstream infections in US hospitals are fun-
gi, predominantly Candida species, representing 9.5%
of all isolates [7, 16]. Clearly, Candida species are in-
creasing in importance in the ICU as well. Candida al-
bicans accounts for just over half of candidal species
isolated. C. tropicalis, C. glabrata, and C. parapsilosis
contribute 44% of isolates [17]. Speciation is impor-
tance since C. tropicalis and C. krusei are resistant to
fluconazole, the agent more commonly used to treat
yeast infection in the ICU. The crude mortality associ-
ated with these pathogens increases with decreasing
prevalence. Mortality with the most common, coagu-
lase-negative staphylococci is 21% and rises to 40%
with the Candida species infections. The mortality at-
tributable to Candida has been estimated at 70–88%
[18, 19]. Diagnosis of candidiasis in the neutropenic
host should be considered an indication for urgent
therapy. The death rates among neutropenic patients
with candidiasis are as high as 24% within a week of di-
agnosis and 63% within 3 months [20]. Although lower
among patients without neutropenia, the rates are still
high.

Candida is a common infection among neutropenic
patients but a rare cause of pneumonia. Haron reported
that there were only 31 cases documented at autopsy
over 20 years at the MD Anderson Cancer Center [21].
The clinical and radiographic presentation of these
cases was that of bronchopneumonia. There were no
distinguishing features of the infection to identify the
organism. Of note, most of the patients were not neu-
tropenic at time of onset of pneumonia.

Candidiasis is rare in the absence of colonization of
the skin, rectum or throat. Gut translocation may ac-

count for a substantial proportion of cases. The major
threat to life is associated with disseminated, invasive
candidiasis. Candidal invasion is associated with iden-
tified risk, and thus there are also risks for mortality.
The reported risks include:

) Use of three of more antibiotics
) Neutropenia
) Immunosuppression (due to cancer/chemotherapy,

steroids, other therapies)
) Concomitant infection
) Spending more than 4 days in the ICU
) Mechanical ventilation >48 h
) An elevated APACHE II score
) Abdominal surgery
) Central venous catheterization
) Total parenteral nutrition (TPN)
) Diabetes mellitus
) Candida colonization of more than sites
) Candiduria (>100,000 colonies/ml)
) Thrush

The therapeutic choices for treatment of systemic can-
dida infections include fluconazole, conventional am-
photericin B, liposomal amphotericin B, and lipid-
complex amphotericin B. All of these are available in-
travenously. Only fluconazole is available orally; how-
ever, this is rarely an issue in the ICU population. There
are conflicting data regarding the equivalence of flu-
conazole with amphotericin B in the neutropenic pa-
tient [22–24]. However, fluconazole is associated with
less renal dysfunction, hypokalemia, and lower liver
enzymes than amphotericin B.

Infections with molds, such as Aspergillus sp., vary
from localized skin ulcers and invasive pneumonia, to
fulminant disseminated disease. Fusarium sp. infec-
tions have been increasingly reported in the immuno-
compromised host [23–27]. Reactivation of endemic
fungi (histoplasmosis, blastomycosis, and coccidioido-
mycosis) or tuberculosis mimics the radiographic pre-
sentation of invasive fungal pneumonia and should be
considered in appropriate patients with prolonged ste-
roids or immune suppression.

A review of the clinical presentations of invasive pul-
monary aspergillosis (IPA) in a study of 35 confirmed
cases demonstrated that the diagnosis of IPA was not
suspected in 40% of the cases [28]. The lungs were in-
volved in 94% and the infection was limited to lungs in
74%. Other sites of infection were the heart, CNS, liver,
spleen, and skin. Only 40% were neutropenic at the
time of diagnosis but 91% had used steroids in the re-
cent past. Of importance to the management of IPA,
concurrent infections were found in 83% of cases. The
mortality rate was 94%.
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39.7
Viral Pathogens

Viral infections, especially human herpes viruses, are
common in the neutropenic population. However, neu-
tropenia per se is not the primary risk factor for viral
infection. Cell-mediated immunity (CMI) is the most
important host defense against most respiratory viral
pathogens. Since many patients with neutropenia also
have concomitant defects in CMI, they are at risk. Her-
pes simplex viruses, HSV-1 and HSV-2, while common
causes of skin eruptions, can also cause a wide variety
of clinical syndromes, including: encephalitis, menin-
gitis, myelitis, esophagitis, pneumonia, hepatitis, ery-
thema multiforme, and ocular syndromes. Immuno-
compromised patients with disseminated varicella
zoster virus (VZV) infection can have pulmonary in-
volvement and should be placed on respiratory precau-
tions to prevent aerosolized transmission to suscepti-
ble individuals. Cytomegalovirus remains a significant
cause of diffuse pneumonia and respiratory failure
among transplant recipients.

Of great concern is the emergence of respiratory vi-
ral infections including respiratory syncytial virus
(RSV) as significant causes of nosocomial pneumonia.
Outbreaks of infection resulting in diffuse pneumonia
and respiratory failure have been reported among se-
verely myelosuppressed patients after chemotherapy
[29]. These infections should be suspected during win-
ter and spring months, if there is associated airflow ob-
struction, or if upper respiratory tract symptoms pre-
ceded the onset of infiltrates. Many of the outbreaks re-
ported appear to have been nosocomial. Visitors and
hospital staff are like responsible for transmission of
the virus. Prompt treatment with ribavirin (with or
without immunoglobulin) has been reported as benefi-
cial. There are few data from large series to support that
these are effective treatments in severely ill neutropenic
patients.

39.8
Radiographic Diagnosis

The radiographic appearance of pneumonia in the neu-
tropenic patient carries important diagnostic informa-
tion as to the possible etiology of infection. A focal or
multifocal consolidation of acute onset is most com-
monly caused by a bacterial infection. However, similar
multifocal lesions with a subacute to chronic progres-
sion may be due to fungal, tuberculous, or nocardial in-
fections. Large nodules are usually a sign of fungal or
nocardial infection in this patient population, particu-
larly if they are subacute to chronic in onset. Viruses
(especially CMV) or P. carinii usually cause subacute
disease with diffuse abnormalities, either peri-bron-

Table 39.2. Radiographic mimics of invasive pulmonary asper-
gillosis

Mucor, Fusarium, Scedosporium, etc.
Legionella
Nocardia
Rhodococcus
Gram negative enterics
Pulmonary embolism
BOOP

chovascular or small miliary nodules. The presence of
cavitation suggests a necrotizing infection that can be
caused by fungi, Nocardia, and certain Gram-negative
bacilli (most commonly Klebsiella pneumoniae and
Pseudomonas aeruginosa) [9].

Chest computed tomography of the chest can help to
assess the extent of the disease process and more
completely define its characteristics. The morphology
of the abnormalities found on CT scan can also be very
useful in developing a differential diagnosis in the indi-
vidual patient. Cavitary mass lesions are suggestive of
infections with Nocardia, Cryptococcus, or invasive
fungus, such as Aspergillus. The invasive fungal pneu-
monias classically develop cavitation and a surround-
ing zone of radiographic attenuation. This zone is pre-
sumably due to associated edema and hemorrhage.
However, this finding is non-specific. Any process or
infection resulting in lung infarction can yield similar
CT findings (Table 39.2) [30]. In contrast, dense region-
al or lobar consolidation on CT is suggestive of bacteri-
al pneumonia.

Chest CT scanning may identify the site for optimal
sampling and assist in defining the most appropriate
invasive procedure. Thus, CT can provide precise guid-
ance for needle biopsy or for thoracoscopic or open
lung excision in the case of peripheral lung nodules [31,
32]. CT can also help to predict whether bronchoscopy
is likely to be useful. As an example, the demonstration
of a feeding bronchus in association with a pulmonary
nodule greatly increases the diagnostic yield when
bronchoscopy is performed (60% versus 30% when the
feeding bronchus is not visible). If CT demonstrates
centrally located diffuse opacifications, a bronchoscop-
ic approach is the procedure of choice.

39.9
Treatment
39.9.1
Antibacterial Drugs

None of the numerous antibiotic regimens studied as
initial empiric therapy in febrile neutropenia has been
shown to be clearly superior [33]. The majority of the
tested regimens provide coverage targeted at Gram-
negative bacilli, especially P. aeruginosa. The most
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common empiric treatment approaches include either
“monotherapy” (with agents such as ceftazidime, imi-
penem, meropenem, or cefepime) or “double coverage”
(with a beta-lactam and an aminoglycoside, or double
beta-lactams).

Double beta-lactams are generally avoided due to
the concern of overlapping toxicities. However, double
coverage with the aztreonam and a beta-lactam in pa-
tients unable to tolerate an aminoglycoside may be a
reasonable alternative. Two drug regimens for empiric
therapy of febrile neutropenia are widely used. Clinical
trials with monotherapy, either ceftazidime or imipe-
nem cilastatin or meropenem, have demonstrated
equal efficacy compared to two drug regimens [34, 35].
In one study treatment with meropenem was compared
to ceftazidime in 187 patients; the number of patients
on the therapy at 72 h and the completion of treatment
was equivalent between the groups (50% versus 56%
and 46% versus 49%, respectively) [36]. However,
changes in the antibiotic regimen are more common
when monotherapy is used [2, 34].

The French Febrile Aplasia Study Group report is
one of the few studies to show differences in empiric
antibiotic regimen [37]. The empirical use of a pipera-
cillin/tazobactam and amikacin combination had su-
perior response rates compared to ceftazidime and
amikacin (48% versus 29%). Notably, the response
rates to ceftazidime and amikacin decreased over time
as the incidence of Gram-negative infections declined
from 22% to 17.5%. The incidence of Gram-positive
infections increased from 20% to 28%. This study pro-
vides increasing evidence of the fungal infection prob-
lem in neutropenic hosts. There was an increase in As-
pergillus-related deaths (from 1.8% to 5.4%), while the
overall infection-related mortality remained un-
changed over time. It remains important to continue to
monitor microbiology regardless of initial antibiotic
choices.

Vancomycin is frequently considered in patients
who present with hypotension, mucositis, skin or cath-
eter site infection, a history of MRSA colonization, re-
cent quinolone prophylaxis or persistent fever despite
empiric antibiotics. However, addition of vancomycin
to the initial empiric antibiotic regimen has not been
shown to decrease mortality [2, 38]. The addition of
empiric vancomycin did not improve outcome among
febrile neutropenic patients with skin and soft tissue
infections despite a higher incidence of proven Gram-
positive bacteremia compared to patients with other
infections (31% versus 17%) [39]. Current recommen-
dations suggest withdrawal of vancomycin after 3 days
in culture negative cases [7].

39.9.2
Antifungal Drugs

The incidence of fungal infection (especially Candida
or Aspergillus) rises after patients have experienced
more than 7 days of persistent fever and neutropenia
[40]. Antifungal therapy is routinely added at 5–7 days
of neutropenia in patients with persistent fever. While
amphotericin B has been used for empiric therapy the
longest, there is growing experience with fluconazole
and lipid formulations of amphotericin B.

Fluconazole is well tolerated but is ineffective
against Aspergillus and some yeast (e.g., C. krusei and
C. glabrata). A retrospective study of hematogenous
candidiasis from the M.D. Anderson Cancer Center
found that fluconazole prophylaxis appeared to be sig-
nificant in promoting a shift toward C. krusei and C.
glabrata infection and away from C. tropicalis and C. al-
bicans [14].

Fluconazole prophylaxis is frequently used in popu-
lations at risk for Candida infection, such as neutrope-
nic chemotherapy or organ transplant recipients. A re-
view of 355 autopsies after marrow transplantation de-
tected a disturbing trend among those patients who re-
ceived fluconazole prophylaxis [41]. The treatment was
effective in decreasing both Candida infections (from
27% to 8%) and fungal liver infection (from 16% to
3%). However, Aspergillus infections increased from
18% to 29%. Duration of survival increased but overall
mortality was unchanged. The authors surmised that
the fluconazole prophylaxis increased duration of sur-
vival by decreasing early infection with Candida and
thus increased the exposure to Aspergillus infections.
Fluconazole is generally not recommended as empiric
therapy because of this study and a meta-analysis dem-
onstrating no benefit on mortality or systemic fungal
infections [42].

Recent trials suggest that lipid formulations of am-
photericin B are better tolerated and offer similar effi-
cacy. In one large randomized, multicenter trial, 343
neutropenic patients received liposomal amphotericin
B (3 mg/kg per day) and 344 amphotericin B (0.6 mg/kg
per day) as empiric therapy after at least 5 days of fever
and broad-spectrum antibiotics [43]. The outcomes
were comparable for the two therapies for overall suc-
cess (50% versus 49%), resolution of fever during neu-
tropenia (58% versus 58%), absence of documented
fungal infection (90% versus 89%), and cure of fungal
infection (82% versus 73%). The liposomal prepara-
tions were better tolerated than conventional amphote-
ricin with fewer infusion related symptoms including
rigors and less nephrotoxicity. However, these new
forms of amphotericin are significantly more expen-
sive.

Recent studies suggest that itraconazole in a daily
dose of 200–400 mg also may be effective treatment for
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aspergillosis in patients refractory or intolerant to am-
photericin B. Itraconazole is available both in oral and
intravenous formulations. Itraconazole was as effective
as amphotericin B as empiric therapy for febrile neutro-
penic patients and was associated with less toxicity [44].

Two newer agents include an azole, voriconazole
and an echinocandin, caspofungin. Each have been
compared to liposomal amphotericin and show prom-
ise in febrile neutropenia [45, 46]. The roles of these
agents remain unclear and the potential for combina-
tion therapy unexplored.

39.9.3
Colony Stimulating Factors

The role of colony stimulating factors (CSF) continues
to expand. In some clinical settings, CSF have been re-
ported to decrease the duration of neutropenia, fever,
and hospitalization [47–49]. However, CSF have not
been shown to decrease mortality, and are not consid-
ered routine at this time [50]. It may be appropriate to
consider their use in critically ill patients such as those
with pneumonia, hypotension, or organ dysfunction or
in patients whose bone marrow recovery is expected to
be especially prolonged.
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40Pneumonia in Non-Neutropenic Immuno-
compromised Patients
J.M. Cisneros, E. Cordero, J. Pachón

40.1
Introduction

Pneumonia is a main cause of morbidity and mortality
in immunocompromised patients. In general, the se-
verity and type of immunosuppression determine both
the incidence and etiology of pneumonia. In this chap-
ter, pneumonia will be analyzed in two large groups of
immunocompromised patients: patients infected by
the human immunodeficiency virus (HIV) and solid
organ transplant (SOT) recipients. Epidemiology, etiol-
ogy, prognosis and the main clinical features of pneu-
monia will be reviewed in each of these two popula-
tions of patients.

40.2
Pneumonia in HIV-Infected Patients
40.2.1
Incidence, Risk Factors and Etiology

Pneumonia is one of the main causes of morbi-mortali-
ty in HIV-infected patients. The incidence of bacterial
pneumonia shows a sixfold increment in HIV-infected
patients when compared with the seronegative popula-
tion (5.5 episodes/year vs. 0.9 episodes/year), increas-
ing as CD4+ T-cell count decreases. In patients with a
CD4 count >500, the incidence of pneumonia is 2.3 epi-
sodes per 100 person-years; with 200–500 it is 6.8; and
with <200 the incidence reaches 10.8 episodes. Other
risk factors such as intravenous drug use and cigarette
smoking are associated with an increased rate of pneu-
monia [1].

The etiology of pneumonia in HIV-infected patients
is very varied, including community, nosocomial and
opportunistic pathogens, as a consequence of the large
number of risk factors concurring in these patients. Ta-
ble 40.1 shows the etiology of pneumonia in HIV-in-
fected patients. In addition, the differential diagnosis
of pneumonia in these patients includes other non-in-
fectious pathologies such as lymphoma, lung cancer,
bronchiolitis obliterans with organizing pneumonia,
lymphocytic interstitial pneumonitis, pulmonary hy-
pertension, and some specific entities of this chronic

Table 40.1. Etiology of pneumonia in HIV-infected patients

Category Pathogen

Bacterial Streptococcus pneumonia
Staphylococcus aureus
Haemophilus influenzae
Pseudomonas aeruginosa
Moraxella catarrhalis
Legionella pneumophila
Rhodococcus equi
Nocardia asteroides

Mycobacterial Mycobacterium tuberculosis
Mycobacterium kansasii
Mycobacterium avium complex

Fungal Pneumocystis jiroveci
Cryptococcus neoformans
Histoplasma capsulatum
Coccidioides immitis
Aspergillus spp.

Viral Cytomegalovirus
Influenza virus
Parainfluenza virus
Respiratory syncytial virus

Protozoal Toxoplasma gondii

infection such as Kaposi’s sarcoma. Etiology has
changed after standardization of universal prophylaxis
against Pneumocystis jiroveci when the T-helper cell
count (CD4+) is less than 200 cells/mm3 and the highly
active antiretroviral treatment (HAART) is used.

For years, P. jiroveci pneumonia has been the first
disease to indicate AIDS in HIV-infected patients, with
an annual incidence of 24% in patients with CD4
counts below 200 cells/µl with no prophylaxis [2]. Cur-
rently, P. jiroveci pneumonia affects mainly those pa-
tients out of sanitary control who do not receive specif-
ic prophylaxis [3]. Conversely, the incidence of pneu-
mococcal pneumonia has not decreased since the
emergence of HAART and is still very high (531 cases/
100,000 inhabitants per year) [4]. Pseudomonas aerugi-
nosa pneumonia affects patients with low CD4 counts;
it is usually community-acquired and presents a sub-
acute course with an unfavorable evolution and fre-
quent relapses [5]. Among the bacterial etiologies,
Staphylococcus aureus is of relevance as a cause of com-
munity-acquired pneumonia, even methicillin-resis-
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Table 40.2. Changes in the etiology of pneumonia before and
after 1996–97, when HAART appeared

Etiology Before
1996–7(%)

After
1996–7(%)

Streptococcus pneumoniae 39–40 33
Pseudomonas aeruginosa 7–18 11
Haemophilus influenzae 14 12.5
Staphylococcus aureus 6–15 12
Rhodococcus equi 6.3 2.8
Klebsiella pneumoniae 3–11 3.3
Escherichia coli 2–4 2.8
Streptococcus gr. viridans 4.2 0.9
Mycoplasma pneumoniae 4.2 2.8
Coxiella burnetii 1.5 1.4
Salmonella spp. 1 6.7
Nocardia asteroides 1 0.5
Legionella pneumophila 0–1 0.9
Chlamydia pneumoniae 0–7 10

tant strains, appearing in outbreaks [6]. Haemophilus
influenza is another common bacterium [7]. Table 40.2
shows the changes in the etiology of pneumonia before
and after 1996–97, when HAART appeared.

The incidence of coinfection by HIV and Mycobacte-
rium tuberculosis varies according to each country’s
endemics. In Spain, the incidence of tuberculosis in
AIDS-patients fluctuates between 3.4 and 7.6 per 100
inhabitants, being the first opportunistic infection in
these patients [8]. In the USA its incidence is estimated
at approximately 6,000–9,000 new cases per year [9].
Coinfection by HIV and M. tuberculosis is a crucial
public health concern as shown by the multiresistant
nosocomial tuberculosis epidemic which occurred in
Florida and New York, leading to an extremely high
mortality (80%) in HIV-infected patients [10]. CMV
pneumonia is rare, appearing in severely immunocom-
promised HIV patients, and the clinical features resem-
ble P. jiroveci pneumonia. The presence of extrapulmo-
nary CMV disease should suggest the diagnosis of
CMV pneumonia [11].

40.2.2
Diagnostic Approach

Integrating the information from the clinical history
with that from analytical tests is the best method to guide
the etiological diagnosis of this complex syndrome
which comprises pneumonia in HIV-infected patients.

Among the patient’s personal antecedents, the im-
mune status, determined by the CD4+ cell count, de-
serves special attention. A CD4 count below 200 cells/µl
is associated with a maximum risk of infection by op-
portunistic microorganisms such as M. tuberculosis,
and bacteria such as P. aeruginosa, H. influenzae and S.
pneumoniae. With CD4 counts above 200 cells/µl, the
risk of infection is reduced to just bacterial etiology, in-
cluding M. tuberculosis. The history of previous pro-
phylaxis against P. jiroveci is also a relevant antecedent

to consider. Finally, other factors such as intravenous
drug use, sexual habits, contact with animals (cats,
horses and pigeons), imprisonment and immigration
from countries with a high incidence of endemic tuber-
culosis are of great diagnostic interest.

The distinctive clinical picture of the main entities is
as follows. Bacterial pneumonias usually present acutely
with fever and purulent expectoration of less than 7 days
duration. On the contrary, pneumonia caused by oppor-
tunistic microorganisms usually has a more insidious
presentation. Common symptoms of pneumocystis
pneumonia include the subtle onset of progressive dys-
pnea, non-productive cough and low-grade fever. Tuber-
culous pneumonia has a subacute presentation in which
fever, productive cough and constitutional symptoms
predominate. The clinical and radiographic presenta-
tion of tuberculosis is heavily influenced by the degree of
immunodeficiency. The main predictive factors are
exertional dyspnea and oral thrush for P. jiroveci pneu-
monia; fever e 7 days, rhonchi on examination and a
‘toxic’ appearance for bacterial pneumonia; and fever
>7 days and weight loss for tuberculosis [12].

Typical radiographic features of pneumocystis
pneumonia are bilateral perihilar interstitial infiltrates
that become increasingly homogeneous and diffuse as
the disease progresses. A predominantly lobar or seg-
mentary alveolar infiltrate is the most characteristic
pattern found in the bacterial etiology, and cavitation
in tuberculous pneumonia. Pulmonary cavitation is al-
so commonly found in S. aureus, P. aeruginosa and
Rhodoccocus equi pneumonia. The chest radiograph
may be normal in cases of pneumonia from M. tubercu-
losis and P. jiroveci in severely immunocompromised
patients [12].

40.2.3
Prognosis

Pneumonia reduces survival in HIV-infected patients
[13]. The average mortality of community-acquired
pneumonia in the era of HAART is 9.1%, ranging from
2.3% to 40.5% depending on the severity of pneumo-
nia at diagnosis [14]. Mortality remains high – up to
23% – in P. jiroveci pneumonia, even in the current era
of HAART [15]. The risk of death in HIV-infected pa-
tients with tuberculosis was reported to be twice that in
HIV-infected patients without tuberculosis, indepen-
dently of the CD4 cell count [16].

The main factor of poor prognosis in P. jiroveci
pneumonia is the delay in the diagnosis [17]. In com-
munity-acquired bacterial pneumonia, the factors as-
sociated with unfavorable prognosis are the occurrence
of shock, CD4 counts <100, pleural effusion, cavitation
and multilobar infiltrate [18]; and low CD4 counts, neg-
ativity in the tuberculin test and previous opportunis-
tic infections in tuberculous pneumonia [16].
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40.2.4
Treatment

The most relevant aspects in the treatment of pneumo-
nia in HIV-infected patients are the following:

In patients with P. jiroveci pneumonia with respira-
tory failure (basal pO2<70 mmHg), the administration
of steroids, prednisone 40 mg/12 h, reduces mortality
[19]. Similarly, in patients with severe pneumonia by P.
jiroveci, coadministration of HAART with the specific
treatment of pneumonia and early non-invasive assist-
ed ventilation improve survival [20, 21].

Treatment of tuberculosis should follow the general
principles developed for tuberculosis treatment in
non-HIV-infected patients. Because of the severity of
tuberculosis disease among HIV-infected patients, di-
rectly observed therapy is strongly recommended for
patients with HIV-1-related tuberculosis. The optimal
duration of treatment is uncertain; 6 months of therapy
is probably adequate for the majority of cases, but pro-
longed therapy (up to 9 months) is recommended for
patients with a delayed clinical or bacteriological re-
sponse to therapy (symptomatic or positive culture re-
sults at or after 2 months of therapy, respectively) or
perhaps with cavitary disease on chest radiograph [22].
The use of HAART is complicated by overlapping drug
toxicity profiles, drug-drug interactions, and an in-
crease in tuberculosis manifestations during immune
reconstitution (paradoxical reactions). These paradox-
ical reactions, occurring in up to 36% of patients, usu-
ally present with fever and progression of both pulmo-
nary lesions on the thoracic radiograph and peripheral
and mediastinal lymphadenopathies, and are generally
self-limited. In order to prevent these reactions, it is
recommended to postpone HAART until 4–8 weeks af-
ter starting tuberculosis treatment [22, 23]. Initial
guidance from the CDC stated that use of rifampin was
contraindicated for persons taking nonnucleoside and
protease inhibitors. Subsequent data, however, have
supported the use of rifampin with certain combina-
tions of antiretroviral agents. These include ritonavir
and efavirenz with nucleoside/tide reverse transcrip-
tase. Rifabutin could be used with most protease inhib-
itors, including atazanavir and fosamprenavir, provid-
ed the dose of rifabutin is reduced. Conversely, efavi-
renz can reduce concentrations of rifabutin, necessitat-
ing an increase in the dose of rifabutin [24].

40.2.5
Prevention

Adults and adolescents who have HIV infection should
receive chemoprophylaxis against P. jiroveci if they have
a CD4+ T-lymphocyte count of less than 200/µl or a his-
tory of oropharyngeal candidiasis. Patients with a
CD4+ T-lymphocyte percentage of less than 14% or a

history of an AIDS-defining illness but who do not oth-
erwise qualify should be considered for prophylaxis.
Trimethoprim-sulfamethoxazole is the recommended
prophylactic agent. One double-strength tablet per day
or one single-strength tablet per day is the preferred
regimen. One double-strength tablet three times per
week is also effective [25]. Pneumocystis prophylaxis
should be discontinued in adult and adolescent pa-
tients who have responded to HAART with an increase
in CD4+ T-lymphocyte counts to >200 cells/µl for at
least 3 months [26]. All HIV-infected persons, regard-
less of age, who have a positive tuberculin skin test re-
sult yet have no evidence of active tuberculosis and no
history of treatment for active or latent tuberculosis
should be treated for latent tuberculosis infection. Iso-
niazid 300 mg once daily for 9 months is the option of
choice [25].

Adults and adolescents who have a CD4+ T-lympho-
cyte count of greater than or equal to 200 cells/µl should
be administered a single dose of pneumococcal conju-
gate vaccine if they have not received this vaccine dur-
ing the previous 5 years. HIV-infected children youn-
ger than 5 years old should also be administered H. inf-
luenzae type b vaccine [25, 27].

40.3
Pneumonia in Solid Organ Transplant
Recipients
40.3.1
Introduction

Solid organ transplant (SOT) represents a therapeutic
option in patients with end-stage renal, cardiac, hepat-
ic or pulmonary disease. In Spain, the development of
transplant programs has been increasing, reaching do-
nation rates of 34.6 per million inhabitants and with
294 heart transplants, 1,040 liver transplants and 2,125
kidney transplants performed in 2004 [28]. This con-
tinuous increase has been the consequence of the im-
proving results. Currently, the actuarial survival at
1 year post-transplant in recipients of renal, cardiac,
hepatic and pulmonary transplants is equal to or high-
er than 94%, 85%, 86% and 77%, respectively [29].

Pneumonia, a main cause of morbimortality in these
patients, comprises a complex clinical syndrome of di-
verse presentations and wide etiologies, thus making
early diagnosis and treatment very important and very
difficult.

40.3.2
Incidence and Risk Factors

The recipient of an organ transplant is a host with a
high risk of pneumonia due to multiple risk factors
concurring during the post-transplant period, all of
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them configuring the distinctive chronology of infec-
tion in these patients.

The classification of post-SOT pneumonia – nosoco-
mial vs. community-acquired – is harder to establish in
these patients than in the general population, since the
incubation period of opportunistic microorganisms is
highly variable, and also because these patients, after
being discharged from hospital, are still exposed to a
certain degree of nosocomial infections due to the fre-
quent explorations and follow-up visits required, so
these infections should rather be considered as health-
care-associated infections [30].

The main risk factors of early post-transplant pneu-
monia are pulmonary colonization or infection occur-
ring before transplant, colonization or infection of the
transplanted graft, a relevant factor in lung transplant,
and nosocomial infection especially when associated
with mechanical ventilation. In a more specific way,
reintubation and treatment with high doses of steroids
have been identified as crucial risk factors of pneumo-
nia in cardiac transplant recipients [31]. In late-onset
pneumonia, after the first month post-transplant, the
severity and type of immunosuppression are the main
risk factors [31–33]. Up to 95% of post-transplant
pneumonia episodes occur within the first 6 months
[34]. The incidence of community-acquired pneumonia
during the first year post-transplant is 10.7% and 5.9%
in cardiac and hepatic transplant recipients respective-
ly, while in the general population the incidence is 0.26
cases per 100 inhabitants per year [34–36].

40.3.3
Etiology

The etiology of pneumonia in SOT recipients is very
varied with a high presence of opportunistic microor-
ganisms and polymicrobial infections as shown in Ta-
ble 40.3. The most frequent etiologies will be reviewed.

Cytomegalovirus (CMV) used to be the primary
cause of pneumonia in SOT recipients, with a wide
range of variations ranging from 2% in renal trans-
plants to 32% in pulmonary transplants [29]. The inci-
dence of CMV pneumonia has progressively decreased
and so in cardiac transplants it has evolved from 16%
in 1977–88 to 4.4–7.7% in the 1990s [33, 34, 37], and
from 5% in 1984–5 to 0% in 1989–94 in liver trans-
plant recipients [35, 38]. CMV pneumonia is frequently
polymicrobial, P. jiroveci and Aspergillus spp. being the
co-pathogens most commonly isolated [34]. The main
risk factors are primary infection and type of immuno-
suppression [33, 39].

Pneumocystis jiroveci, a common cause of pneumo-
nia in SOT recipients, has disappeared due to the gener-
alization of prophylaxis with cotrimoxazole [40]. The
risk factors for the development of P. jiroveci are CMV
infection and previous graft rejection episodes [41].

Table 40.3. Etiology of pneumonia in solid organ transplant re-
cipients

Early pneumonia
(<30 days post-transplant)

Late pneumonia
(>30 days post-transplant)

Bacterial Bacterial
– Pseudomonas aeruginosa – Streptococcus pneumoniae
– Staphylococcus aureus – Haemophilus influenzae
– Acinetobacter baumannii – Klebsiella pneumoniae
– Burkholderia cepacia – Legionella pneumophila
– Legionella pneumophila – Rhodococcus equi

– Nocardia asteroides
– Mycobacterium tuberculosis
– Other Mycobacterium

Virus Virus
– Herpes simplex virus – Cytomegalovirus
– Cytomegalovirus – Influenza virus A, B

– Parainfluenza virus
– Respiratory syncytial virus
– Epstein-Barr virus

Fungi Fungi
– Aspergillus spp. – Aspergillus spp.
– Mucor spp. – Pneumocystis jiroveci

– Cryptococcus neoformans
– Histoplasma capsulatum
– Coccidioides immitis

Protozoal Protozoal
– Toxoplasma gondii – Toxoplasma gondii

The overall incidence of aspergillosis in SOT recipients
was 1.4% in a large study [42]. The incidence of Asper-
gillus pneumonia depends on the type of transplant, se-
verity of immunosuppression and degree of environ-
mental exposure. Recipients of pulmonary transplant
present the highest incidence (3%), followed by heart
recipients (2.4%), liver recipients (2%), pancreas-kid-
ney recipients (0.9%), and kidney recipients (0.2%)
[42]. Aspergillosis during the first 3 months after trans-
plantation is significantly associated with a more com-
plicated postoperative period, repeated bacterial infec-
tions or cytomegalovirus disease, and renal failure. As-
pergillosis after 3 months post-transplant is associated
with older patients, an overimmunosuppressed state
because of chronic transplant rejection or allograft
dysfunction, and post-transplantation renal failure
[42]. In liver transplant treatment of graft rejection
with high doses of corticosteroids, OKT3 and renal im-
pairment are the main risk factors, while neutropenia is
unusual [32].

The incidence of tuberculosis in Spain in SOT recipi-
ents (0.8–1.35/100 recipients-year) is 20- to 25-fold
higher than in the general population (40–45/100,000
inhabitants per year) [34, 43]. The risk factors of tuber-
culosis are positivity in the tuberculin skin test, patho-
logical findings in the chest radiograph, treatment
against graft rejection and the lack of prophylaxis in
patients with a positive tuberculin test [44]. Pneumo-
nia from Nocardia spp., mainly Nocardia asteroides, in
SOT recipients is currently extremely unusual [45].

430 40 Pneumonia in Non-Neutropenic Immunocompromised Patients



Community-acquired bacterial pneumonias are ten-
fold more frequent in cardiac transplant recipients than
in the general population (2.6 cases/100 cardiac trans-
plants vs. 258 cases/100,000 inhabitants) [34, 46]. The
etiology in these patients is similar to that in the gener-
al population, and Streptococcus pneumoniae is the
most frequent etiological agent, together with H. influ-
enzae [31, 34]. P. aeruginosa and Burkholderia cepacia
are a cause of recurrent pneumonia in pulmonary
transplant recipients due to cystic fibrosis, a disease of
difficult management and high mortality [45].

40.3.4
Diagnostic Approach

The differential diagnosis of pulmonary infiltrates in
the chest radiograph in SOT recipients is very wide. In-
fections are by far the most common cause, but other
etiologies such as atelectasis, hemorrhage, edema, pul-
monary embolism and, in pulmonary transplant recip-
ients, acute graft rejection and bronchiolitis obliterans,
are possible causes as well.

The different infections have a characteristic chro-
nology useful in making the differential diagnosis of
pneumonia. CMV pneumonia presents 35 days after
cardiac, 38 days after hepatic and 76 days after lung
transplantation, reaching the highest incidence be-
tween the 2nd and 3rd months post-transplant. A later
presentation is usually related to prolonged universal
prophylaxis [47–50]. P. jiroveci pneumonia presents
later, at 89 days post-transplant, while pneumonia from
Aspergillus presents earlier (36 days post-transplant,

Fig. 40.1. Pulmonary asper-
gillosis in a liver transplant
recipient

range 19–139 days). The last pneumonia to occur is tu-
berculous pneumonia, presenting at 23 months post-
transplant [34, 44].

The clinical presentation of CMV and P. jirovecii
pneumonia is very similar, both subacutely and with
common symptoms such as fever, dyspnea and non-
productive cough. In lung and heart transplant recipi-
ents, however, CMV and P. jirovecii pneumonia may
present acutely, progressing over a short period to re-
spiratory failure [45, 51]. Hemoptoic expectoration is
the most characteristic sign in Aspergillus spp. pneu-
monia [34]. Pulmonary tuberculosis presents with a
subacute/chronic course with fever, cough and consti-
tutional syndrome, similar to that in the general popu-
lation, but with a higher risk of dissemination and a
negative tuberculin skin test, so that frequently the di-
agnosis is made postmortem [43, 44]. The presentation
of pneumonia by habitual pathogenic bacteria is usual-
ly acute with fever, cough and purulent expectoration
[34].

Radiographic manifestations of CMV pneumonia
consist of a diffuse interstitial infiltrate with bilateral
extension, undistinguishable from P. jiroveci pneumo-
nia [52]. Cavitation and nodules are the hallmark of
pulmonary aspergillosis (Fig. 40.1) [34]. In pulmonary
tuberculosis, the pulmonary infiltrate is the most com-
mon radiographic feature, followed by pleural effusion,
a miliary pattern and a solitary nodule [44]. Finally, in
bacterial pneumonias, the alveolar infiltrate is the pre-
dominating pattern.

The diagnostic use of these clinical and radiograph-
ic manifestations is limited; in fact only 50% of the em-
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pirical treatments indicated in cardiac transplant recip-
ients were appropriate [34]. This fact explains the need
for an early and intense diagnostic approach, since the
early diagnosis of pneumonia in SOT recipients im-
proves prognosis [53]. Bronchoscopy with bronchoal-
veolar lavage is the diagnostic procedure of choice in
SOT recipients with pulmonary infiltrates, with a diag-
nostic sensitivity of 63–70% [54].

40.3.5
Prognosis

Pneumonia reduces survival in SOT recipients. The
mortality in hepatic transplant recipients with pneu-
monia is 53%, and 10% in those without pneumonia
[31, 35]. In patients with pneumonia, poor prognosis
factors are nosocomial acquisition, Aspergillus spp., bi-
lateral pulmonary infiltrate and a delayed diagnosis
[34, 34, 53]. According to the different etiologies, the in-
cidence of mortality in SOT recipients with pneumonia
is as follows: 12% for CMV in cardiac transplant pa-
tients [33, 34], 26% for P. jiroveci [51], 76% for Asper-
gillus [42] and 20% for M. tuberculosis [43, 44].

40.3.6
Treatment

The treatment of pneumonia in transplant recipients
has two major limitations. First, there are pharmaco-
logic interactions between antimicrobial agents and
immunosuppressants, thus favoring toxicity of both
groups of drugs as well as graft rejection. Second, there
is a high frequency of concurring hepatic and/or renal
dysfunction and/or unbalanced intestinal absorption,
therefore requiring dose readjustment of antimicrobial
agents. Intravenous ganciclovir is the treatment of
choice in CMV pneumonia, with responses >80% [55].
Voriconazole is the first-line treatment in pulmonary
aspergillosis [56] and caspofungin is the alternative op-
tion [57]. Regarding the treatment of pulmonary tuber-
culosis, avoiding the use of rifampin is recommended
due to the risk of severe interactions with calcineurin
inhibitors [44].

40.3.7
Prevention

Valganciclovir is the agent of choice for the prophylaxis
of CMV disease. The most frequent strategy used is its
preemptive therapy guided by antigenemia and univer-
sal prophylaxis during the first 3 months [47, 58, 59].

Cotrimoxazole is the antimicrobial agent of choice
in the prophylaxis of P. jirovecii pneumonia in SOT re-
cipients. Its efficacy is nearly absolute when adminis-
tered during the first 6–12 months post-transplant [35,
60]. In lung transplant recipients the recommended du-

ration is 1 year in stable patients. Reinitiating or pro-
longing treatment is recommended whenever the dose
of concomitant immunosuppressants is increased. In
SOT recipients with cotrimoxazole intolerance, inhaled
pentamidine, a single dose of 300 mg monthly, is a safe
and effective prophylaxis [61]. Chemoprophylaxis for
invasive aspergillosis is not a generalized practice in
SOT recipients, with the exception of lung transplanta-
tion. In this group of patients, which is the group most
frequently affected by aspergillosis, encouraging re-
sults in experimental models with aerosolized liposo-
mal amphotericin are reported [62]. Prophylaxis
against pulmonary tuberculosis is recommended in
both candidates and recipients of SOT with a positive
tuberculin test and/or radiographic findings compati-
ble with previous tuberculosis. In patients with chronic
hepatitis it is worth considering that the risk of severe
hepatic toxicity is 11% [43, 44, 63]. Annual vaccination
against influenza viruses is recommended for all candi-
dates and recipients of SOT as well as for close relatives
and sanitary staff in contact with these patients. Like-
wise pneumococcal vaccination is recommended for all
SOT recipients [65].
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41Community-Acquired Respiratory Complications
in the Intensive Care Unit:
Pneumonia and Acute Exacerbations of COPD
M.I. Restrepo, A. Anzueto

This chapter will review the two most common lower
respiratory tract infections in the intensive care unit
(ICU), community-acquired pneumonia (CAP) and
acute exacerbations of chronic obstructive pulmonary
disease (AECOPD). In addition we will provide an
overview of the topics including recommendations for
the diagnosis and treatment.

41.1
Severe Community-Acquired Pneumonia
in the ICU

Community-acquired pneumonia is the seventh lead-
ing cause of death overall and the most common cause
of death from infectious diseases in the United States
[1, 2]. Based on their clinical condition, patients are
admitted to the medical wards, or if severely ill to the
ICU. ICU patients carry the highest mortality rates
among all patients with CAP [3]. Multiple sets of clini-
cal practice guidelines have been published in the past
few years addressing the treatment of CAP, and they all
agree that CAP patients admitted to the hospital repre-
sent a major concern, and appropriate empiric therapy
should be instituted to improve clinical outcomes
[3–10]. We will review the current literature related to
CAP patients admitted to the ICU; regarding epidemi-
ology, risk factors, severity criteria and reasons to
admit the hospitalized patient to the ICU, and the em-
piric and specific antibiotic therapeutic regimens em-
ployed.

41.1.1
Epidemiology

Severe CAP is defined as a clinical syndrome that de-
velops in patients with pneumonia who require hospi-
talization on the ward service and/or ICU [3]. For the
year 2000, over 1 million patients were hospitalized in
the United States, and 65,000 deaths were attributable
to CAP and influenza [11–13]. There is an estimated
cost of approximately nine billion dollars per year [14].
Approximately 10% of all hospitalized patients require
ICU admission [15–17]. Hospitalized CAP patients

carry significant mortality depending on the severity
of illness. Several studies have reported a mortality
rate of approximately 10% in hospitalized ward pa-
tients, and 30–60% mortality in patients who require
ICU admission [3, 18]. CAP is burdensome to health
care systems as the duration of hospitalization is 6 days
at a cost of approximately $7,500 for ward patients
compared to 23 days and $21,144 for ICU patients [11,
19, 20].

The most important determinants for hospitaliza-
tion and assessment of severity in CAP are the patients’
chronic co-morbid conditions and/or the prior antibi-
otic use (see Table 41.1) [3, 7, 8, 10, 21–27]. Prior anti-
biotic use has been defined in the CAP clinical practice
guidelines as the use of any antibiotic regime in the
past 3 months, and is also associated with increased
risk of morbidity and mortality [7, 22, 28]. The most
common co-morbid illnesses for CAP patients are
chronic obstructive pulmonary disease (COPD),
which is present in up to half of these patients, followed
by alcoholism, chronic heart disease and diabetes mel-
litus (Table 41.1 shows the risk factors and associated
microorganisms) [3, 7, 8, 10, 23–27]. It is important to
point out that approximately one-third of patients with
CAP were previously healthy [27, 29]. Elderly and
nursing home patients are also at significant risk for
CAP and have high mortality rates, although some ex-
perts consider pneumonia in nursing home patients as
health care associated pneumonia due to the similari-
ties in the etiologic pathogens with hospital acquired
pneumonia [22, 28, 30]. Hospitalization rates for
pneumonia have increased among US adults aged
64–74 years and aged 75–84 years during the past
15 years. Among those aged 85 years or older, at least
1 in 20 patients were hospitalized each year due to
pneumonia [31].

The main causes of death in severe CAP patients in-
clude refractory hypoxemia, refractory shock, and oth-
er pneumonia-related complications, predominantly
multi-organ failure [32–37].

The microbial patterns of severe CAP have been ex-
tensively studied in the past decade. Consistently,
Streptococcus pneumoniae is recognized as the most
common pathogen causing CAP. Other respiratory
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Table 41.1. Risk factors associated with CAP and suggested pathogens

Risk factor Pathogen

Alcoholism Streptococcus pneumoniae and anaerobes
Cystic fibrosis and other structural lung diseases Pseudomonas aeruginosa, Burkholderia cepacia, and Staphylococcus aureus
COPD, smoking and/or bronchiectasis S. pneumoniae, Haemophilus influenzae, GNRs, Pseudomonas aeruginosa
Chronic aspiration Mixed infection, anaerobes, GNRs
Chronic steroid use Aspergillus spp.
Nursing home residents, recent antimicrobial
therapy (considered HCAP)

S. aureus (MRSA), GNRs, Pseudomonas aeruginosa

Influenza Staphylococcus aureus, S. pneumoniae, Haemophilus influenzae
Injection drug users S. aureus, S. pneumoniae, anaerobes, M. tuberculosis
Poor dental hygiene Anaerobes
Exposure to bats or soil with bird droppings Histoplasma capsulatum
Exposure to birds Chlamydophila psittaci
Exposure to cattle Coxiella burnetii
Exposure to rabbits Francisella tularensis
HIV infection (early with high CD4 counts) S. pneumoniae, Haemophilus influenza, Mycobacterium tuberculosis
HIV infection (late with low CD4 counts) In addition to above pathogens: Pneumocystis jiroveci, Cryptococcus spp.,

H. capsulatum, Coccidioides spp.
Winter Influenza, RSV, adenovirus, parainfluenza, rhinovirus
Skin infections Community-acquired methicillin resistant Staphylococcus aureus

(CA-MRSA) [141, 142]
Other Outbreaks: Legionella spp., viruses (avian flu, SARS coronavirus [143],

metapneumovirus [144], “Sin Nombre” hantavirus [145, 146]
Additional comorbid conditionsa S. pneumoniae, Haemophilus influenzae, GNRs, atypical pathogens (Myco-

plasma pneumoniae, Chlamydophila pneumoniae, and Legionella spp.)

GNRs Gram-negative rods, HCAP health care associated pneumonia, MSSA methicillin-susceptible S. aureus, MRSA methicillin-
resistant S. aureus, RSV respiratory syncytial virus
a Include renal failure (chronic renal disease), neurological diseases (cerebrovascular diseases), malnutrition, hepatic disease

(chronic liver diseases), bacteremia, smoking history and gross aspiration [23–27, 33, 68]

Table 41.2. Pneumonia severity of index scorea (adapted from
Fine et al. [39])

Criteria Points

Age
Male Age (years)
Female Age (years) –10

Nursing home resident +10
Preexisting comorbid conditions

Neoplastic disease +30
Liver disease +20
Congestive heart failure +10
Cerebrovascular disease +10
Renal disease +10

Vital signs abnormalities
Altered mental status +20
Respiratory rate >30 breaths per minute +20
Systolic blood pressure <90 mmHg +20
Temperature <35° or >40°C +15
Heart rate >125 per minute +10

Laboratory or radiographic findings
Serum blood urea nitrogen >30 mg/dl +20
Serum sodium <130 meq/l +20
Serum glucose >250 mg/dl +10
Hematocrit <30% +10
Arterial pH <7.35 +30
Arterial oxygen tension (PaO2)

<60 mmHg or arterial oxygenation satu-
ration <90%

+10

Pleural effusion on chest radiograph +10

a For each variable present, the points indicated are added to
the score, and the final score is then divided into five risk
classes (see Table 41.3)

tract pathogens associated with CAP in the ICU include
Haemophilus influenza, Klebsiella pneumoniae, Legio-
nella species, Staphylococcus aureus and viral pneumo-
nias (Table 41.2). However, there is an extensive list of
pathogens associated with severe CAP in the ICU. The
association of individual pathogens and certain comor-
bid conditions was mentioned earlier (Table 41.1), and
specific treatment will be discussed at the end of this
chapter.

41.1.2
Severity Assessment and Criteria for Hospital
and ICU Admission

One of the most critical decisions for physicians treat-
ing patients with CAP is whether to hospitalize patients
on the ward or ICU service [38]. This decision is usually
made in the outpatient office or in the emergency de-
partment, and has implications for the antibiotic class
selection, route, and duration of therapy.

Two tools have been developed to predict mortality
and to determine the site of care for patients with CAP
based on the severity of illness, the pneumonia-specific
severity of illness (PSI) score and the CURB rule
[39–46]. Fine and colleagues developed the PSI score
as part of the pneumonia Patient Outcome Research
Team Study (PORT) [39]. The PSI is based on 20 pa-
rameters including three demographic variables, five
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Table 41.3. Pneumonia severity index score risk class stratifica-
tiona (adapted from Fine et al. [39])

Risk
class

Points Mortality
(%)

Recommended site of care

I –b 0.1 Outpatient
II <70 0.6 Outpatient
III 71–90 2.8 Outpatient or brief inpatient
IV 91–130 8.2 Inpatient
V >130 29.2 Inpatient

a Metlay and Fine suggested a three-step process to decide the
initial site of CAP treatment based on: (1) assessment of pree-
xisting conditions that compromise safety of home care; (2)
calculation of the PSI score; and (3) clinical judgment [47]

b Risk class I: age <50 years, no comorbidities and absence of
vital-sign abnormalities

Table 41.4. CURB-65 criteria (adapted from Lim et al. [46])

Age >65 years
Altered mental status
Respiratory rate >30 breaths per minute
Diastolic blood pressure <60 mmHg
Serum blood urea nitrogen >19.6 mg/dl

Each criterion has a score of one, and the total score depends
on the presence or absence of each of the five criteria. Two or
more criteria suggest severe CAP and admission to the hospital
is recommended.

co-morbid conditions, five physical examination find-
ings, and seven laboratory/imaging results with the
primary goal to identify low risk patients who might be
managed safely at home (Tables 41.2, 41.3). In a follow-
up paper, the same authors suggested a three-step pro-
cess to decide the initial site of CAP treatment based on:
(1) assessment of preexisting conditions that compro-
mise safety of home care; (2) calculation of the PSI
score; and (3) clinical judgment [47]. Similarly, the
CURB or CURB-65 (mental status changes, increased
blood urea nitrogen, increased respiratory rate, de-
creased blood pressure, and age above 65 years) was in-
troduced as a much simpler rule to identify patients at
low risk of dying and the possible site of care (Ta-
ble 41.4) [43–46]. Both prognostic tools have been vali-
dated in several studies [48–56]. Both tools suggest
that CAP patients should be hospitalized if they are in-
cluded in PSI class IV and V and/or CURB or CURB-65
& 2. It is important to recognize that these tools should

not limit the clinical judgment of practicing physicians
to decide site of care. In addition, these tools were not
developed to identify which patients with CAP should
be admitted to the ICU.

The best accepted criteria for the definition of severe
CAP are those patients requiring ICU admission. How-
ever, there are recommendations based on seven clini-
cal criteria in the 1993 American Thoracic Society
(ATS) guidelines [40, 57] that were further refined by
Ewig and collaborators in 1998 [42]. The ATS CAP
guidelines adopted this new evidence and recommend-

Table 41.5. American Thoracic Society modified criteria (table
adapted from Ewig et al. [3, 42])

Major criteria
Need for mechanical ventilation
Requiring vasopressors (septic shock)

Minor criteria
Respiratory rate >30 breaths per minute
PaO2/FiO2 ratio <250
Bilateral or multilobar infiltrates

The presence of at least one major criterion or at least two mi-
nor criteria defines a pneumonia severe enough to require ICU
admission

ed the modified ATS criteria for severe CAP [3]. These
investigators included the presence of one of the two
major criteria and/or two out of three minor criteria
(Table 41.5) [42]. Several studies have validated these
criteria to admit patients to the ICU and applied them
also in other groups of patients including elderly and
HIV-infected patients [19, 42, 49, 50, 53, 58, 59].

Thus, the severity assessment criteria are useful to
help physicians identify patients who may need hospi-
talization or ICU admission, but they are not meant to
remove physicians’ clinical judgment in the decision-
making process.

41.1.3
Diagnosis

All patients suspected of having CAP should receive a
chest radiograph to confirm the diagnosis of pneumo-
nia. Several laboratory studies should be performed in
patients with CAP admitted to the ICU in order to as-
sess the severity of the disease and possible complica-
tions. These tests include: complete blood cell count
and differential, basic blood chemistry (urea nitrogen
and serum creatinine) electrolytes (sodium and potas-
sium), glucose, and liver function tests. Evaluation of
the oxygenation by pulse oxymetry or arterial blood
gas analysis is extremely important and mandatory
[60]. An attempt to obtain samples to identify the likely
etiologic agent is indicated in severe CAP patients [61].
However, there is no supportive evidence that microbi-
ological studies will change favorably the final outcome
in these patients. Several microbiological tests are rec-
ommended in patients with CAP in the ICU (Ta-
ble 41.6). In addition, other diagnostic markers includ-
ing C-reactive protein (CRP) and/or procalcitonin have
been used as prognostic indicators with variable results
[62, 63].

41.1.4
Antimicrobial Treatment

Treatment guidelines have been developed by several
professional organizations to standardize therapy for
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CAP, including those patients with severe CAP [3,
6–10]. The published practice guidelines reflect the
evolution of expert opinion, changes in resistance pat-
terns and availability of new clinical data regarding the
treatment and diagnosis of CAP management in immu-
nocompetent adults. All of these guidelines support the
concept that the treatment of ICU patients with CAP
should be focused on the possible associated etiologic
agents [3, 7, 8, 10]. Appropriate, aggressive and early
therapeutic approaches including initiation of antibiot-

Table 41.6. Laboratory studies recommended in patients with
CAP admitted to the ICU

Blood culture [147]
Lower respiratory tract sample

Gram-stain and culture
Sputum [148]
Bronchoscopic or non-bronchoscopic evaluation: in-

cluding either endotracheal aspirate, bronchoalveo-
lar lavage (BAL), protected specimen brush, for
quantitative cultures [149]

Atypical pathogens (Mycoplasma pneumoniae, Chlamydo-
phila pneumoniae and Legionella spp.) culture or PCR

Direct immunofluorescence for influenza and RSV (winter)
BAL for respiratory viruses for PCR

Urinary antigen for:
Legionella spp. [150–153]
Streptococcus pneumoniae [154–156]

Serology testing in the initial and convalescent stages for:
Atypical pathogens (M. pneumoniae, C. pneumoniae, and

Legionella spp.) if no PCR is available [157]
Pleural fluid analysis for parapneumonic effusions
Direct rapid viral test by nucleic acid amplification

Influenza, RSV, adenovirus, parainfluenza, rhinovirus

Table 41.7. Empiric antimi-
crobial regimen to treat
severe community-acquired
pneumonia in the ICU
(adapted from the clinical
practice guidelines [3, 6–10])

Empiric treatment Comments

Intravenous beta-lactam Covers well Streptococcus
pneumoniae, Haemophilus inf-
luenzae, enteric gram-negative
bacilli (Klebsiella spp.)

– Third generation cephalosporins (ceftriaxone or cefota-
xime)

or
– Beta-lactam/beta-lactamase inhibitor (ampicillin-sulbac-

tam or piperacillin-tazobactam)
plus either

Intravenous macrolide Legionella spp., Mycoplasma
pneumoniae, Chlamydophila
pneumoniae and C. psittaci

– (azithromycin or clarithromycin)
0r

Intravenous fluoroquinolonea

– (levofloxacin, or moxifloxacin)

Intravenous beta-lactam Pseudomonas aeruginosa (and
the other pathogens above)– Antipseudomonal beta-lactam/beta-lactamase inhibitor

(aztreonam, ceftazidime, cefepime, piperacillin-tazobac-
tam, imipenem, meropenem)

plus either

Intravenous aminoglycoside or intravenous ciprofloxacin/
Levofloxacin [750]
plus

Intravenous macrolide
– (azithromycin or clarithromycin) if aminoglycoside used,

but not with the use of ciprofloxacin/Levofloxacin [750]

a Drug resistant Streptococ-
cus pneumoniae (DRSP) is
also covered by the respira-
tory fluoroquinolones

ics as early as possible [36, 64] are the main interven-
tions to decrease mortality in patients with CAP in the
ICU.

Empiric therapy should be directed against S. pneu-
moniae, H. influenzae, and Gram-negative bacilli with
beta-lactam medications or new respiratory fluoroqui-
nolones. Legionella spp. (and other atypical pathogens)
should be covered with a macrolide or a fluoroquinolo-
ne [3, 6–8, 10, 65]. Mixed infections with typical and
atypical pathogens occur in approximately 5–40% of
cases, and should always be considered, to ensure pa-
tients are treated with appropriate empiric antimicro-
bial therapy [3, 6–8, 10, 56, 66, 67]. In cases in which
the infecting pathogen can be identified, directed ther-
apy should be employed [3, 6–8, 10]. In all clinical se-
ries, approximately 40–70% of patients with CAP have
no pathogen identified [25, 68, 69]. The failure to iden-
tify a pathogen has not been associated with a worse
outcome, but the empiric regimen should cover S.
pneumoniae and atypical pathogens [15, 16].

The clinical practice guidelines suggest that severe
CAP patients admitted to the ICU should be stratified
as to whether or not the patients are at risk for Pseudo-
monas spp. infection [3, 7, 10]. If a patient has no risk
factors for Pseudomonas infection, the treatment
should always include two antibiotics, one (beta-lac-
tam) that will cover pneumococcus (including drug re-
sistant isolates) and another (macrolide or respiratory
fluoroquinolone) that will cover atypical pathogens es-
pecially Legionella spp.(Table 41.7) [3, 7, 10, 70]. Pseu-
domonas aeruginosa has been reported in severe CAP
patients with specific risk factors, such as chronic or
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prolonged use of broad-spectrum antibiotic therapy,
bronchiectasis, malnutrition, HIV and immunosup-
pression [3, 25, 59, 71, 72]. Patients with risk factors for
P. aeruginosa admitted to the ICU require specific at-
tention and should receive appropriate antipseudomo-
nal agents as discussed below (Table 41.7).

Only two randomized control trials and several ob-
servational studies have evaluated the benefit of using
combination therapy versus monotherapy in patients
with severe CAP admitted to the ICU [73, 74]. From the
limited data and significant heterogeneity between
studies, we conclude that there is limited information
to compare the differences in mortality for patients
with CAP in the ICU. On the other hand, there is strong
evidence supporting the clinical practice guidelines [3,
7, 10] by demonstrating statistically significant benefit
for those patients receiving guideline concordant ther-
apies in patients with CAP [49, 65, 75–78]. In addition,
there is data to support the benefit of using a combina-
tion therapy of beta-lactamic agent plus a macrolide for
initial empiric therapy to reduce mortality in patients
with CAP [77].

Table 41.8. Specific antimi-
crobial therapy for patients
with CAP

Pathogen specific Recommended therapy

Streptococcus pneumoniae
Bacteremic Combination therapy with beta-lactam plus

macrolide or fluoroquinolone
Intermediate resistance to penicillin
( e 2 mg/dl)

Third generation cephalosporin, or respiratory
fluoroquinolone

High level of resistance to penicillin
( e 2 mg/dl)

Respiratory fluoroquinolone, vancomycin, linezo-
lid

Staphylococcus aureus
MSSA Third generation cephalosporin, respiratory

fluoroquinolone, or clindamycin
MRSA (CA-MRSA)a Vancomycin or linezolid

Atypicals: Chlamydophila pneumoniae,
Mycoplasma pneumoniae and Legionella
spp.

Respiratory fluoroquinolone, macrolide or
doxycycline (not for Legionella spp.)

Haemophilus influenzae Amoxicillin
Beta-lactamase producer Third-generation cephalosporin, beta-lactam/

beta-lactamase inhibitors or a fluoroquinolone,
newer macrolide (clarithromycin or azithromy-
cin), or doxycycline

Enterobacteriaceae including Escheri-
chia coli, Klebsiella pneumoniae,
Klebsiella oxytoca, Proteus mirabilis

Third-generation cephalosporin, beta-lactam/
beta-lactamase inhibitors or a fluoroquinolone

Pseudomonas aeruginosa Intravenous antipseudomonal beta-lactam/
beta-lactamase inhibitor plus either intravenous
aminoglycoside or intravenous ciprofloxacin/Le-
vofloxacin [750], plus an intravenous macrolide if
aminoglycoside used, but not with the use of ci-
profloxacin/Levofloxacin [750]

Coxiella burnetii or Chlamydophila
psittaci

Macrolide or tetracycline

Influenza pneumonia [7, 158] The newer agents oseltamivir or zanamivir cover
both influenza A and B [7]b

Aspiration pneumonia anaerobic infec-
tions

Carbapenems, clindamycin or beta-lactam/
beta-lactamase inhibitors [159]

a CA-MRSA community-ac-
quired methicillin-resistant
S. aureus usually not multi-
drug resistant

b Influenza; CDC reported
high levels of resistance in
the 2005–2006 season
[160]

41.1.4.1
Specific Antimicrobial Therapy

Streptococcus pneumoniae is isolated in up to one-third
of all ward and ICU patients [23–26, 34, 59, 68, 69]. Sev-
eral studies published by Moroney et al. [79], Kalin et
al. [80], and Metlay et al. [81] evaluated clinical out-
comes in patients with bacteremic pneumococcal
pneumonia. Antimicrobial resistance in bacteremic S.
pneumoniae showed no contribution to mortality or
the requirement for ICU admission, but may be associ-
ated with an increased risk of adverse outcome such as
suppurative complications of infection (such as empy-
ema) [79–81]. Waterer et al. found that single effective
drug therapy for severe bacteremic pneumococcal
pneumonia was associated with a greater risk of death
than dual effective therapy [82]. Several other studies
suggested a benefit of having a macrolide added to the
beta-lactam therapy in patients with bacteremic pneu-
mococcal pneumonia [83–86]. Not adding a macrolide
to a beta-lactam based initial antibiotic regimen was an
independent predictor of in-hospital mortality [85]. All
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other specific antimicrobial therapies for identified
CAP pathogens are described in Table 41.8.

41.1.5
Duration of Therapy

Generally, the duration of therapy in patients with se-
vere CAP is 7–10 days, but those with atypical patho-
gens such as Legionella spp. should receive longer
treatment for 10–14 days [3, 87]. Several studies report
the use of a critical pathway to improve the treatment
for CAP patients, including those with severe disease
[88–93].

Antimicrobial treatment failure or non-resolving
pneumonia is usually underestimated [94]. The most
common causes include microbial resistance to the ini-
tial antimicrobial regimen, suppurative complications,
or the presence of nosocomial pneumonia [95].

After the initial clinical improvement, hospitalized
patients should be switched from intravenous to oral
antibiotic therapy, while maintaining similar antimi-
crobial coverage and tissue concentrations as with the
parenteral form. Criteria for determining when the pa-
tient can make the transition to oral antibiotics include
the ability to tolerate antibiotics by mouth, a function-
ing gastrointestinal tract, a stable blood pressure, a
trend towards normalization of the white blood cell
count, and improving symptoms such as cough, dys-
pnea and fevers [96–98]. A meta-analysis by Rhew et
al. evaluated early intravenous to oral conversion and
discharge strategies in patients with CAP, and demon-
strated that these interventions are associated with a
significant and safe reduction in the mean length of
hospital stay [96].

Several of the quality indicators already mentioned,
early administration of antibiotics, appropriate antibi-
otic use following the clinical practice guidelines, use of
a critical pathway, switch to oral therapy and early dis-
charge all show improved clinical outcomes in CAP [3,
7, 8, 10]. In addition, measures directed at prevention
such as vaccination for pneumococcal and influenza
infections, and counseling to quit smoking for patients
at risk, may help to decrease the incidence of CAP [3, 7,
8, 10]. Other important processes of care include the
collection of blood cultures before antibiotic adminis-
tration, or in the first 24 h, a test for Legionella infec-
tions in ICU patients and an evaluation of oxygenation
(measurement of blood gases or pulse oximetry).

41.2
Acute Exacerbations of COPD in the ICU

We will describe the diagnosis and antibiotic treatment
of acute exacerbations of chronic obstructive pulmo-
nary disease (AECOPD).

41.2.1
Epidemiology

Chronic obstructive pulmonary disease (COPD) is a
condition associated with AECOPD. COPD currently
accounts for approximately 110,000 deaths per year,
making it, following heart disease, cancer, and stroke,
the fourth leading cause of death in the United States. It
has been estimated that by the year 2020, AECOPD will
be the third leading cause of death [99]. The cost of
treating AECOPD is very high, not only because of the
economic impact, but also because of the high associat-
ed morbidity and early mortality. COPD in the United
States annually accounts for 16,000,367 office visits,
500,000 hospitalizations, and 18 billion dollars in direct
health care costs [100]. Despite treatment with antibi-
otics, bronchodilators, and corticosteroids, up to 28%
of patients discharged from the Emergency Depart-
ment with acute exacerbations have recurrent symp-
toms within 14 days [101] and 17% relapse and require
hospitalization [102]. Several investigators have con-
firmed that relapse is more likely among patients who
have lower pretreatment or post-treatment FEV1, those
who receive more bronchodilator treatments or corti-
costeroids during visits, and those who have higher
rates of previous relapse [103].

AECOPD can be associated with significant mortali-
ty. In the Study to Understand Prognosis and Prefer-
ences for Outcomes and Rates of Treatment (SUP-
PORT) [104], the 180-day mortality rate was 33% and
the 2-year mortality rate was 49%. Significant predic-
tors of mortality include acute physiology and chronic
health evaluation (APACHE III) score [105], body mass
index, age, functional status 2 weeks prior to admis-
sion, lower ratio of PaO2 to FiO2, congestive heart fail-
ure, serum albumin level, cor pulmonale, lower activi-
ties of daily living scores, lower scores on the Duke Ac-
tivity Status Index, and number of hospital days before
transfer to the ICU [106].

41.2.2
Etiology

Although respiratory infections are assumed to be the
main risk factors for exacerbation of COPD, other fac-
tors are also involved [107]. Many patients with AE-
COPD are thought to have a combination of viral and
bacterial infections, which contribute to their exacer-
bation. A variety of microorganisms have been shown
to be associated with infectious bacterial AECOPD, in-
cluding Haemophilus influenzae, H. parainfluenzae,
Moraxella catarrhalis, and Streptococcus pneumoniae
[108]. It has also been reported that these patients may
be infected with atypical pathogens such as Mycoplas-
ma pneumoniae and Chlamydia pneumoniae, but be-
cause of limitations with the diagnosis, the true preva-
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lence of these organisms is not known [109–112].
There have been several recent studies demonstrating
that patients with the most severe COPD and those that
required ICU care have significantly higher prevalence
of Gram-negative organisms such as Enterobacteriace-
ae and Pseudomonas species [113–115]. Several inves-
tigators have proposed that airway damage from
chronic infection or colonization occurs in these pa-
tients because the bacteria cause the host to continu-
ously release inflammatory mediators [116, 117]. Per-
sistent infection results in lung inflammation and, as a
consequence, lung function progressively decreases.

41.2.3
Diagnostic Procedures

A recent evidence base analysis has summarized the
best available information related to the use of diagnos-
tic tests in AECOPD [118, 119]. These reviews conclud-
ed that data on the utility of most diagnostic tests are
limited. However, chest radiography and arterial blood
gas sampling are useful while spirometry is performed
at the time of the exacerbation is not [102]. Patients
who require ICU care should have a chest radiograph
obtained in order to rule out any other abnormalities
and arterial blood gases.

41.2.4
Treatment with Antibiotics

There have been a number of clinical trials examining
the use of antibiotics in the treatment of AECOPD [101,
107, 108, 120, 121]. The GOLD guideline, (GOLD websi-
te, accessed Feb. 2006) and the American Thoracic So-
ciety/European Respiratory Society (ATS/ERS) COPD
consensus guidelines recommend antibiotic choices on
the basis of local sensitivity patterns of the most com-
mon pathogens associated with AECOPD, and provide
specific guidelines [122, 123].

There are limited number of studies that have
looked at the use of antibiotics in ICU patients. Some of
the recent publications, including a recent meta-analy-
sis [124], demonstrated a benefit of antibiotics during
an acute exacerbation of ambulatory patients. The
study by Anthonisen et al. [125] reported that patients
with all three clinical symptoms (increased shortness
of breath, increased sputum production, and a change
in sputum purulence) at initial presentation who re-
ceived antibiotics showed a more rapid improvement in
peak flow, a greater percentage of clinical successes,
and a smaller percentage of clinical failures than those
who received placebo. Furthermore, Allegra, et al.
[126] found significant benefit with the use of amoxicil-
lin-clavulanate acid (Augmentin) therapy compared
with placebo in patients with severe disease. Patients
who received this antibiotic exhibited a higher success

rate (86.4% versus 50.3% in the placebo group,
p<0.01) and a lower frequency of recurrent exacerba-
tions.

There is only one study that has evaluated the role of
antibiotics during AECOPD in ICU patients. Nouira et
al. [127] published a prospective, randomized, double-
blind, placebo-controlled trial, evaluating the use of of-
loxacin in patients with AECOPD who required me-
chanical ventilation (invasive or non-invasive). This
study demonstrated that a significant number of Gram-
negative organisms (including E. coli, P. mirabilis, and
P. aeruginosa) were identified in their population of pa-
tients with severe AECOPD. In addition to supporting
the findings of the previously reported studies, this
trial demonstrated that treating these pathogens is im-
portant for improving outcomes in this high-risk popu-
lation. The antibiotic-treated group had a significantly
lower in-hospital mortality rate and a significantly re-
duced length of stay in the hospital compared with the
placebo group. In addition, the patients receiving oflo-
xacin were less likely to develop pneumonia than those
on placebo.

There are additional potential benefits of antibiotic
therapy for patients with AECOPD. Antibiotics can re-
duce the burden of bacteria in the airway [128]. There is
a large percentage of patients with acute exacerbations
(50–75% potentially pathogenic microorganisms in
addition to significantly higher concentrations of fre-
quently & 104 organisms) of bacteria in the large air-
ways. Because treatment with appropriate antibiotics
significantly decreases the bacterial burden at 72-h fol-
low-up bronchoscopy, it is speculated that the proper
choice of antibiotic reduces the risk of progression to
more severe infections, such as pneumonia [115]. The
eradication of bacteria by antibiotics is thought to
break the vicious cycle of infection, i.e., lung destruc-
tion leading to progression of the lung disease.

If the use of antibiotics to treat AECOPD has all the
potential benefits discussed, does it matter which agent
is chosen? In the Anthonisen et al. study [125], the as-
sumption was made that all of the antibiotics were
equivalent; thus the specific agent prescribed was not
considered important. Despite the problems with many
of the published antibiotic trials, there are some retro-
spective trials that emphasize the importance of choos-
ing the correct antibiotic for treatment of patients with
AECOPD. A recent retrospective study of outpatients
with documented COPD, conducted at our institution,
evaluated the risk factors for therapy failure at 14 days
after an acute exacerbation [129]. One group of pa-
tients received antibiotics and the second group did
not. The overall relapse rate (defined as a return visit
with persistent or worsening symptoms within 14 days)
was 22%. After an extensive multivariate analysis, the
major risk factor for relapse was lack of antibiotic ther-
apy (32% versus 19%, p<0.001 compared to the antibi-
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otic-treated group). The type of antibiotic used was al-
so an important variable associated with the 14-day
treatment failure. Patients treated with amoxicillin had
a 54% relapse rate compared with only 13% for the
other antibiotics (p<0.01). Furthermore, treatment
with amoxicillin resulted in a higher incidence of fail-
ure, even when compared with those who did not re-
ceive antibiotics including amoxicillin, macrolides, and
ciprofloxacin (p=0.006). Although there may be many
explanations for these treatment failures, the most like-
ly is that the pathogens were resistant to amoxicillin.
This study showed that the use of antibiotics was asso-
ciated with a significantly lower rate of therapy failure.
In contrast to Anthonisen’s data [125], Adams’ data
show that antibiotics are beneficial regardless of the se-
verity of AECOPD. Furthermore, the patients who re-
ceived antibiotics, and failed within 14 days, had a sig-
nificantly higher rate of hospital admissions than those
who did not receive antibiotics.

Destache et al. reported the impact of antibiotic selec-
tion, antimicrobial efficacy, and related cost in AECOPD
[130]. The failure rates were significantly higher (at
14 days) for the first-line (amoxicillin, co-trimoxazole,
erythromycin, and tetracycline), compared with the
third-line (amoxicillin-clavulanate, azithromycin, and
ciprofloxacin) agents (19% versus 7%, p<0.05). When
compared with those who received the first-line agents,
the patients treated with the third-line agents had a sig-
nificantly longer time between exacerbations, overall
fewer hospitalizations, and considerably lower total cost.

41.2.5
End-Point for the Treatment of AECOPD

Conventional end-points for efficacy of antibiotics
treatment in AECOPD include the symptoms and bac-
teriological resolution measured at 2–3 weeks after the
treatment was started. Most of these end-points rely
solely on the subjective report of symptom improve-
ment. It has been suggested by several investigators

Table 41.10. Recommenda-
tions for antibiotic therapy
in AECOPD (adapted from
Balter et al [108])

Category Probable pathogen Recommended therapy

Acute tracheo-
bronchitis

Viral Symptomatic

“Simple”
AECOPD

Haemophilus spp. (H. influ-
enzae), M. catarrhalis,
S. pneumoniae

Macrolide (azithromycin or clarithromy-
cin), amoxicillin, doxycycline, 2nd or 3rd
generation cephalosporins.
If treatment failure: beta-lactam/beta-lac-
tamase inhibitor or fluoroquinolone

“Complicated”
AECOPD

As above with the addition
of Gram-negative organisms
(Klebsiella spp. etc.), and
multi-drug resistant (MDR)
pathogens such as Pseudo-
monas spp.

3rd generation cephalosporins, beta-lac-
tam/beta-lactamase inhibitor or fluoroqui-
nolone (ciprofloxacin for Pseudomonas
spp.)
Parenteral inpatient therapy highly consid-
ered for MDR pathogens or treatment fail-
ures

that other parameters such as the rate of symptom res-
olution, the interval between exacerbations, the im-
provement in quality of life, the need for hospitaliza-
tion and mortality, may be more suitable end-points in
this patient population [131, 132].

41.2.6
Clinical Parameters To Stratify Patients into Risk Groups

The clinical parameters that are implicated as possible
risk factors for treatment failure in AECOPD and sug-
gested therapies are summarized in Tables 41.9 and
41.10 [10, 108, 121].

41.2.7
Prevention

The two most important prevention measures in AE-
COPD and CAP patients are smoking cessation

Table 41.9. Patient profiles from the Canadian Chronic Bron-
chitis Guidelines (adapted from Balter et al. [108])

Acute tracheobronchitis (Group 0)
Healthy people with cough and sputum without previous
respiratory problems

“Simple” chronic bronchitis without risk factors (Group I)
Increased cough and sputum, sputum purulence and in-
creased dyspnea

“Complicated” chronic bronchitis with risk factors (Group II)
As group I plus (at least one of the following)
>4 exacerbations per year or
Cardiac disease or
Home oxygen or
Chronic oral steroid use or
Antibiotic use in the 3 months prior

Chronic “suppurative” bronchitis (Group III)
As group II with constant purulent sputum, plus:
Bronchiectasis (some patients) or
FEV1<35% predicted or
Multiple risk factors (frequent exacerbations and
FEV1<50%)
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[133–135] and active immunizations, including influ-
enza and pneumococcal vaccinations.

Influenza is an important cause of lower respiratory
tract infections. Influenza A and B often reach epidem-
ic proportions during the winter months. The impact of
influenza is critical to the development of other lower
respiratory infections including AECOPD and pneu-
monia. Epidemiological studies have shown that the
frequency of lower respiratory infections, and associat-
ed morbidity and mortality, are markedly reduced with
influenza vaccination [136–138]. The polyvalent vac-
cine based on pneumococcal capsule serotypes has
been shown to be effective in preventing pneumococcal
bacteremia and pneumonia [138–140]. The vaccine is
recommended in patients with COPD.

41.3
Summary

The cost, morbidity, and mortality related to CAP and
AECOPD remain unacceptably high. Because these are
heterogeneous groups of patients it is important to use
risk-stratification based on clinical parameters and pre-
diction tools. Appropriate antibiotic therapy is an im-
portant component in the management of both groups
of patients. In particular, it is essential to administer an
appropriate antimicrobial agent from the initiation of
therapy, so that the risks of treatment failure and the
morbidity of CAP and AECOPD may be minimized.

The views expressed in this article are those of the
authors and do not necessarily represent the views of
the Department of Veterans Affairs.
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42Management of Hospital-Associated Pneumonia
in the Intensive Care Unit
J. Rello, L. Vidaur, E. Dı́az, A. Rodrı́guez

42.1
Introduction

Ventilator-associated pneumonia (VAP) is the leading
nosocomial infection in the intensive care unit (ICU)
[1] and represents up to 80% of episodes of hospital-ac-
quired pneumonia (HAP). The true attributable mor-
tality of VAP episodes in critically ill patients has been
debated [2]. However, well designed matched cohort
studies have demonstrated the association between late
onset VAP and higher mortality, particularly when
caused by virulent bacteria such as Pseudomonas aeru-
ginosa producing type III secretory proteins [3]. Viru-
lence rather than resistance is a key feature.

However, associated mortality and morbidity in
VAP is increased in those patients with wrong or de-
layed initial antibiotic treatment, which is frequently
associated with the presence of resistant strains [4, 5].
Nonfermenting Gram-negative bacteria (GNB) other
than P. aeruginosa are usually resistant to multiple anti-
biotics, but they have a tendency to colonize rather
than cause invasive disease.

The universal colonization of P. aeruginosa in pa-
tients intubated longer than 5 days [6] and the evidence
that methicillin-resistant Staphylococcus aureus (MRSA)
is currently the most common identified antibiotic-re-
sistant pathogen focus the problem mainly on these two
pathogens. Mortalities as high as 50% have been consis-
tently reported for MRSA pneumonia and P. aeruginosa
pneumonia. The highest mortality rates are reported if
the patient is immunocompromised or has renal failure.

When a VAP episode is suspected in the ICU, the at-
tending physician needs to solve three questions. First,
does this patient actually have a VAP? Second, are mi-
crobiologic studies indicated? And which antibiotic
regimen is the best option for this patient? Once those
questions have been answered, the attending physician
should follow the evolution of these patients with the
aims of evaluating the response to therapy and opti-
mizing antibiotic treatment in order to limit the emer-
gence of multi-resistant bacteria.

We have previously published four reviews on the
management of VAP [7–10], and here we expand upon
and update our recommendations.

42.2
Confirming the Suspicion of HAP

The suspicion of a new episode of HAP has to be estab-
lished in hospitalized patients who develop pulmonary
infiltrates plus fever and in all intubated patients with
clinical signs of sepsis. The physicians must promptly
identify the source of infection in order to: (1) start ad-
equate antibiotic therapy for sepsis and (2) control the
source of infection if needed [11].

The pathophysiology of VAP includes the spread of
infecting organisms to the lower respiratory tract, over-
whelming the local respiratory defenses. A local in-
flammatory response is developed in the respiratory
tract, manifested as respiratory purulent secretions. In
fact, the absence of purulent secretions in the respirato-
ry tract makes the diagnosis of VAP unlikely [12], ex-
cept in neutropenic patients or in aspergillosis, but the
presence of purulent respiratory secretions may be due
to other conditions, frequently with tracheobronchitis.

The differential diagnosis between tracheobronchi-
tis and HAP should be based on radiographic tools,
usually chest X-ray. To establish a definite diagnosis of
HAP, a radiological opacity with alveolar condensation
has to be present. The pre-test probability of the devel-
opment of ventilator-associated pneumonia has been
measured by the Clinical Pulmonary Infection Score
(CPIS) [13]. CPIS measures the degree of fever, volume
and appearance/characteristics of tracheal secretions,
chest radiograph, white blood cell count, oxygenation
and tracheal aspirate culture. This score establishes the
likelihood of having VAP. Serial measurements of this
score have been used to establish clinical resolution of
VAP [14]. Singh et al. used a modification of the CPIS
and reported that low-risk patients (CPIS <6) with sus-
pected VAP could be treated with 3 days of antibiotic
and had better clinical outcomes and fewer antibio-
tic-resistant superinfections when compared with
10–21 days of therapy [15]. Unfortunately, some vari-
ables are subjective, and the value given to each ele-
ment of the score is arbitrary.
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42.3
Confirming the Causative Pathogens

The decision to start antibiotic therapy depends on the
microorganisms presumed to be involved. The choice
of empirical antibiotic treatment can be improved if the
decision is based on direct staining of respiratory sam-
ples. Gram stains are available for protected specimen
brush samples [16], bronchoalveolar lavage [17] or tra-
cheal aspirates [18]. The quality of the lower respirato-
ry tract samples is also crucial in the interpretation of
the microorganisms involved in the etiology of HAP.
The presence of >1% of epithelial cells in broncho-
scopic samples suggests heavy oropharyngeal contami-
nation [19], so does >10% of epithelial cells if a trache-
al aspirate has been obtained [20]. The microbiologic
information is of vital importance in order to assure the
appropriateness of antibiotic therapy and to optimize
therapy from broad to narrow spectrum if the patient is
responding to therapy. Direct staining of respiratory
secretions is a simple procedure and can give valuable
information (in less than an hour) to guide initial ther-
apy. Moreover, Gram staining is useful for determining
the quality of the respiratory sample. Regarding this is-
sue some important problems have been detected, for
example the use of previous antibiotic therapy, ste-
roids, or the presence of Pseudomonas aeruginosa have
been associated with negative direct staining [21]. In an
international consensus conference [22] on the diagno-
sis and treatment of VAP, some experts agreed that mi-
crobiological findings are useful mainly based on two
rules: first, the presence of intracellular bacteria and a
positive Gram stain (or other direct tests) may be of
great help in selecting the initial antibiotic regimen but
not in making the diagnosis of pneumonia. The diag-
nostic technique used, bronchoscopic or tracheal aspi-
rate with quantitative cultures, did not influence either
the rate of de-escalation or of mortality in a recent re-
port [23].

Performing an e-test sensitivity analysis on respira-
tory or blood samples before microorganism identifi-
cation anticipates the delivery of sensitivity informa-
tion the following day of pneumonia onset, with an im-
portant shortening of the period of inadequate therapy
[24]. Indeed, starting antibiotic therapy quickly, avoid-
ing the delay of microbiologic sampling, has more im-
pact on outcome than the type of semiquantitative or
quantitative technique used [23, 25–27].

42.4
Management of VAP

Cardiovascular support and supportive measures to
improve hemodynamics and oxygenation are critical to
overcome a severe infection. The most important con-

cept that we have learned in the last decade is probably
that delay in administration of effective therapy for in-
tubated patients with VAP is associated with increases
in mortality rate [28], length of stay and cost [29]. Early
implementation of adequate antibiotics correctly and
expeditiously, as soon as there is clinical suspicion of
HAP, should increase the likelihood of early reduction
of bacterial burden of the pathogens responsible, thus
minimizing the risks and the potential consequences of
delayed therapy [27]. In addition, information regard-
ing risk factors/comorbidities, previous antibiotic ex-
posure and length of hospitalization can provide useful
assistance in selecting the initial antibiotic agent. The
use of broad spectrum antibiotics should be quickly
narrowed based on microbiologic information when-
ever possible. Initial narrow-spectrum antibiotics are
at risk of increasing the probability of death due to in-
adequate therapy if resistant pathogens are implicated.

Second, quantitative microbiological findings can
make it possible to change, adjust, or reduce the admin-
istration of antibiotics in some patients. The majority
of experts have agreed that the use of broad-spectrum
antibiotics for less than 48 h would not induce a signifi-
cant risk of multiresistance [22, 30]. Classifying pa-
tients according to prior duration of mechanical venti-
lation or prior exposure to antibiotics provided a basis
for anticipating the pathogens [31]. Considerable infor-
mation is available on the influence of certain comorbi-
dities or risk factors such as steroids, head trauma,
structural lung disease, and immunocompromise on
the spectrum of the pathogens responsible for an infec-
tious event [32]. However, we must take into account
that the causes of VAP vary across different hospitals
and between different ICUs in the same hospital [33,
34], as indicated in Figs. 42.1 and 42.2. These differ-
ences can be explained by differences in patient demo-
graphics, strategies for prophylaxis, methods of diag-
nosis and local patterns of resistant organisms [34]. Ta-
ble 42.1 summarizes the points that determine the

Fig. 42.1. Distribution of pathogens for late onset VAP and anti-
biotic exposure subset across five different institutions (modi-
fied from ref [34]). PA: Pseudomonas aeruginosa; MRSA:
methicillin-sensitive Staphylococcus aureus; S. maltophilia:
Stenotrophomonas maltophilia
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Fig. 42.2. Distribution of different resistant microorganisms
causing VAP between three ICUs in a single teaching hospital
[modified from ref. [33]). MICU: medical intensive care unit;
SICU: surgical intensive care unit; TICU: trauma intensive care
unit; ORSA: oxacillin-resistant Staphylococcus aureus; VRE:
vancomycin-resistant Enterococcus species; CzRP: ceftazidime
resistant Pseudomonas species; QRP: quinolone resistant Pseu-
domonas species; CzRK: ceftazidime resistant Klebsiella spe-
cies

Table 42.1. The “Tarragona strategy” for the therapy of VAP
(modified from ref. [64])

1. Antibiotic therapy should be started immediately
2. Antibiotic choice can be targeted, in some cases, based

on direct staining
3. The prescription should be modified in the light of mi-

crobiologic findings
4. Prolonging antibiotic treatment does not prevent re-

currences
5. Patients with chronic obstructive pulmonary disease or

1 week of intubation should receive combination thera-
py, due to the risk of ventilator-associated pneumonia
caused by Pseudomonas aeruginosa

6. Methicillin-resistant Staphylococcus aureus is not ex-
pected in the absence of antibiotic exposure, whereas
methicillin-sensitive S. aureus should be strongly sus-
pected in comatose patients

7. Therapy against yeast is not required, even in the pres-
ence of Candida species colonization

8. Vancomycin administration for Gram-positive pneu-
monia is associated with a very poor outcome

9. The specific choice of agent should avoid any regimen
to which a patient has been exposed previously

10. Guidelines should be regularly updated and custom-
ized to local patterns

management of VAP in our institution. Knowledge of
the local microbial epidemiology and susceptibility
patterns is crucial for the initial choice of antibiotics
[35].

Overall, some patients (who develop their infection
within 5 days of hospitalization, who are free of recent
antibiotic exposure and who have not had hospitaliza-
tion in the previous 3 months) are at low risk from re-
sistant organisms. In this subset, adequate initial selec-
tion would be a non-pseudomonal third generation
cephalosporin because antibiotics should target com-
mon community-acquired organisms in addition to
some Enterobacteriaceae and methicillin-sensitive
Staphylococcus aureus (MSSA). The presence of MSSA
should be strongly suspected in comatose patients. Sev-

eral reports have demonstrated a higher incidence of
MSSA in patients with altered levels of consciousness
[36]. Drugs effective against S. aureus should be includ-
ed in the empirical regimen for treating nosocomial
pneumonia in patients in coma.

Methicillin-resistant Staphylococcus aureus (MRSA)
pneumonias are common in patients with prolonged
intubation periods and prior use of antibiotics. This
pathogen is the second most frequently isolated from
patients who die of pneumonia. The treatment options
for this pathogen are still limited. A high mortality rate
among patients treated with vancomycin for pneumo-
nia caused both by MRSA and MSSA has been consis-
tently reported [37]. It might probably be due to the
poor lung penetration of vancomycin which results
from prescribing label doses (1 g/12 h) [38]. In addi-
tion, underdosification of antibiotics is frequent in ven-
tilated hyperdynamic patients who have an increase in
the volume of distribution (see Chapter 12 by Lipman).
Achieving adequate steady state levels usually takes
4 days for teicoplanin [39]. This evidence suggested
that current glycopeptides are suboptimal for MRSA
pneumonia [37, 40]. Daptomycin is ineffective in the
treatment of pneumonia. It has not only limited pene-
tration into pulmonary epithelial fluid, but its activity
is inhibited by pulmonary surfactant. In a randomized
trial, patients with nosocomial MRSA pneumonia [41]
who received quinupristin/dalfopristin had a clinical
response rate of 19.4% compared with 40% in vanco-
mycin recipients. Post hoc analysis of randomized clin-
ical trials has suggested the potential superiority of li-
nezolid therapy over vancomycin therapy using label
doses in treating nosocomial pneumonia (and VAP)
[42, 43]. Continuous administration of vancomycin has
been associated with improved survival of MRSA
pneumonia compared with standard dosification [44].

Pseudomonas aeruginosa is frequent in patients
with structural pulmonary disease, 1 week of prior
hospitalization, prolonged periods of intubation
(>5 days), and prior exposure to antibiotics [45]. Em-
pirical treatment in patients meeting these criteria
should include combination therapy with drugs with
antipseudomonal activity until a microbiological diag-
nosis is established to reduce the risk of initial therapy
with a resistant agent. Carbapenems are the drugs of
choice for patients suspected of being infected by P. ae-
ruginosa who are receiving beta-lactam agents. If the
patient is receiving a carbapenem, an antipseudomonal
fluoroquinolone is a reasonable option. Finally, if a pa-
tient with VAP is receiving a fluoroquinolone, combi-
nation therapy based on piperacillin-tazobactam
should be considered [46].

Acinetobacter baumannii has specific risk factors
that differ from P. aeruginosa or other nonfermenters.
Baraibar et al. [47] identified risk factors for A. bau-
mannii VAP that included neurosurgery, ARDS, head
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trauma and large-volume pulmonary aspiration. Resis-
tance is increasing, carbapenems, sulbactam, tigecycli-
ne and colistin being the most sensitive agents. Sulbac-
tam is bacteriostatic and is suitable for mild infections
using an 8-g/day dosification. Colistin can be used
aerosolized. Tygecycline would be a reliable alternative
in the future and clinical trials are ongoing. A. bauman-
nii tends to cause polymicrobial infections colonizing
the respiratory tract of patients with artificial airways
rather than causing invasive disease. If the risk of Aci-
netobacter baumannii exists, experimental models
have suggested that antimicrobial therapy should in-
clude a carbapenem, alone or associated with rifampin
or tobramycin [48].

42.5
Optimization of Antimicrobial Therapy for VAP

Once a patient has been diagnosed of having HAP and
an empirical broad spectrum antibiotic has been start-
ed, the evaluation of resolution of different clinical pa-
rameters of HAP is a useful tool to tailor the response to
treatment. The most widely used variables to evaluate
the response to treatment in VAP are clinical, microbio-
logical or biochemical [8, 47–56]. Assessment of clini-
cal resolution and the recommended approach to pa-
tients with poor resolution is described in detail in the
next chapter.

The main goal of treatment of HAP in critically ill
patients is the start of appropriate initial antibiotic
therapy as early as possible in order to diminish mor-
tality related to this nosocomial infection [57–59]. The
initial antibiotic therapy has to cover all the responsible
pathogens involved. However, the overuse of antibiot-
ics is associated with the emergence of resistant bacte-
ria [60]. An approach to the treatment of HAP based on
de-escalation of antimicrobial therapy, once the micro-
organism responsible for VAP is isolated, diminishes
the overuse of antibiotics and the emergence of resis-
tant bacteria.

De-escalation requires the implementation of initial
broad-spectrum empirical antibiotic therapy and aims
to avoid the overuse of antibiotics [23]. The first stage
involves administering broad spectrum antibiotics.
The second stage focuses on simplifying the antibiotic
therapy. This approach to the management of HAP in-
volves: (a) changing the focus from multiple agents to
single agent if Pseudomonas aeruginosa is not present;
(b) shortening the therapy to <5 days if the culture is
negative and there is >48 h of defervescence; and (c)
changing from a broad to a narrow agent based on cul-
ture data. In the absence of P. aeruginosa, patients with
combination therapy must be switched to monothera-
py after withholding ciprofloxacin or amikacin. Inter-
estingly, the mortality of patients with de-escalation

has been reported to be lower than that observed in the
group of patients with initial antibiotic therapy un-
changed [23].

42.6
Duration of Antibiotic Courses for HAP

A course of 14–21 days of antibiotic treatment has been
advocated to treat HAP [61], but the length of antibiotic
treatment has not been clearly defined. Long courses of
antibiotics can increase costs, side effects, and resistant
phenotypes but do not prevent recurrences [62]. Short-
er antibiotic regimens have been used to reduce antimi-
crobial costs, adverse events and the emergence of anti-
biotic-resistant pathogens [15]. Chastre et al. [63] have
demonstrated that an 8-day course of antibiotics is
comparable to 15 days in terms of mortality, superin-
fections and relapses of pneumonia.

42.7
Conclusion

Management of HAP needs to balance the avoidance of
unnecessary antibiotic overuse with adequate initial
empiric therapy. A clinical diagnosis based on new pul-
monary opacity and purulent respiratory secretions
plus other signs of inflammation is valuable in screen-
ing for patients with suspected HAP. A rational strategy
starts with immediate initiation of adequate antibiotics
and collection of respiratory secretions to evaluate for a
causative organism. A respiratory specimen with direct
staining and quantitative cultures in intubated patients
should be obtained as a minimum. Overall, the need to
choose adequate antibiotics correctly and expeditious-
ly is fundamental in the use of broad spectrum antibi-
otics, but needs to be quickly narrowed based on mi-
crobiologic information. However, some patients (who
develop their infection within 5 days of hospitalization,
who are free of recent antibiotic exposure and who have
not had hospitalizations in the previous 3 months) are
at low risk for resistant organisms. In this subset, ade-
quate initial selection could be a non-pseudomonal
third generation cephalosporin, since antibiotics
should target usual community-acquired organisms in
addition to some Enterobacteriaceae and Staphylococ-
cus aureus. Coverage of MRSA should be limited only to
wards with concomitant index cases and to patients un-
der antibiotic exposure. Patients at risk of Pseudomo-
nas aeruginosa (e.g., 1 week of prior hospitalization,
COPD, etc.) require the initial use of a combination of
piperacillin/tazobactam and ciprofloxacin, or amikacin
plus imipenem, meropenem or an antipseudomonal
cephalosporin. If the risk of Acinetobacter baumannii
exists, one of these agents should be a carbapenem. Af-
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Fig. 42.3. Flow diagram for guidance
in initial management decisions to
the patient with suspected ventila-
tor-associated pneumonia. VAP: ven-
tilator-associated pneumonia;
MRSA: methicillin-resistant Staphy-
lococcus aureus

Fig. 42.4. Clinical approach to the patient with VAP at 48–72 h of pneumo-
nia onset. ARDS: acute respiratory distress syndrome; ATB: antibiotic
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ter 48 h of therapy, each patient should be re-evaluated
based mainly on resolution of hypoxemia and fever
plus initial microbiologic information. Whereas broad-
spectrum therapy is warranted in many patients initial-
ly, that treatment may be narrowed considerably as cul-
ture results identify the causative organism and its sen-
sitivity. Recent data suggest that reducing overall treat-
ment duration to a maximum of 1 week is safe, effective
and is less likely to promote the growth of resistant or-
ganisms in patients who are clinically improving. An
algorithm summarizing the management approach to a
patient with suspected VAP is given in Figs. 42.3 and
42.4. Optimal management should be based on a strate-
gy combining early high doses of an effective agent for
a short period of time, which is further simplified
based on microbiologic information.
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43 Assessment of Resolution of Ventilator
Associated Pneumonia
M.L. Groth, M.S. Niederman

Ventilator associated pneumonia (VAP) is the most fre-
quent infectious complication in critically ill patients,
associated with a prolonged length of stay in the inten-
sive care unit (ICU) and a significantly increased risk of
death [1, 2]. The attributable mortality of VAP varies
with the infecting organism and with the patient popu-
lation [3]; for example, mortality is higher in patients
with acute respiratory distress syndrome (ARDS) [4],
as well as in medical compared to surgical patients with
VAP. The natural history of resolution of VAP is not well
defined, but mortality of VAP has been well studied,
and the clinical predictors of mortality have also been
characterized [5–7]. It is reasonable to assume that pa-
tients at a high risk of death from VAP are more likely to
have delayed resolution, or prolonged recovery, if they
survive an episode of VAP [7].

In this chapter, we review the available data about
the time course of resolution of VAP, including the defi-
nition of resolution and the clinical features that corre-
late with outcomes in this illness. Once the natural his-
tory of VAP is better defined, we may be able to identify
patients with a good clinical response early in the
course of illness, and then possibly shorten the dura-
tion of antibiotic in this group. On the other hand, if we
can also identify patients with a poor response to initial
antibiotic therapy, at an early time point, based on a
knowledge of the natural history of illness, it may be
possible to intervene with aggressive diagnostic and
therapeutic maneuvers that could improve outcome.

Once a patient is suspected of having VAP, it is essen-
tial to collect a lower respiratory tract culture, preferably
before any change or initiation of antibiotic therapy. The
culture can be collected invasively [bronchoscopic pro-
tected specimen brush (PSB) or bronchoalveolar lavage
(BAL)] or non-invasively (endotracheal aspirate or blind
brush or lavage samples). In addition, the respiratory
sample can be cultured quantitatively or semi-quantita-
tively (light, moderate or heavy growth being reported)
[2]. Initial empiric therapy may need to be changed once
results of respiratory tract secretions or blood cultures
are available, with the goal of using as focused and spe-
cific a regimen as possible. Repeat cultures of respirato-
ry tract secretions are subsequently needed to evaluate
for microbiologic resolution on the infection.

43.1
How To Define the Resolution of VAP

Resolution of VAP can be based on either clinical or mi-
crobiological end points [8]. The risk of death in pa-
tients with VAP is similar whether VAP is diagnosed
clinically or bronchoscopically [3, 6, 9, 10]. Clinical end
points, such as improvement, resolution, delayed reso-
lution, relapse, failure and death, can be defined, but it
is important to specify how the pneumonia was diag-
nosed.

If we use a clinical definition of disease, some pa-
tients with non-infectious causes of lung infiltrates and
clinical abnormalities will be included. The absence of
response to antibiotics may indicate that the infiltrates
were not caused by infection, but were due to acute lung
injury, atelectasis, pulmonary edema, pulmonary con-
tusion, hemorrhage, chemical pneumonitis, drug tox-
icity or other inflammatory conditions [8]. Clinical re-
sponse to therapy can be defined in terms of tempera-
ture, purulence of secretions, leukocytosis, indices of
oxygenation, such as PaO2/FiO2 ratio, and radiographic
abnormalities. Many of these parameters have been
combined into the Clinical Pulmonary Infection Score,
which when measured serially, has been used to clini-
cally define the presence of VAP resolution [5].

If we use a microbiologic definition of VAP, cultures
of respiratory tract secretions must be obtained to es-
tablish the etiologic pathogen. Microbiologic end
points are primarily the eradication or persistence of
the organisms, and can also include the emergence of
resistance or superinfection with a new organism that
was not present initially.

If the correct diagnosis is VAP, then resolution can
be defined using clinical or bacteriologic measure-
ments, or sometimes both types of information can be
combined to define the course of illness. Clinical im-
provement in VAP is usually apparent after 48–72 h of
therapy, as discussed below, and therefore the selected
antibiotic regimen should not be changed during this
time, unless there are signs of progressive deterioration
or it is dictated by the initial culture results. The exact
time course of normal resolution is not well defined,
but the available data are summarized below. Delayed
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resolution is present if the time response to therapy is
longer than expected. Relapse and recurrence are simi-
lar and imply an initial clinical improvement followed
by a subsequent clinical deterioration. If the event in-
volves the same organism (the inclusion of microbio-
logic information), then a relapse or recurrence is pre-
sent, while a superinfection is present, if the etiologic
organism is a newly acquired pathogen [8]. The ulti-
mate non-resolution is death, but not all mortalities are
the direct result of VAP, and approximately one-third to
one-half of all mortalities are attributable to the pneu-
monia itself [3, 7, 11].

43.2
Clinical Predictors of Mortality in VAP

A number of clinical findings have been identified that
increase the risk for mortality from VAP and these
same risk factors are associated with poor response to
antibiotic therapy, and presumably a slower response
rate in patients who do recover. They include underly-
ing severe systemic illness and complex pre-existing
comorbid conditions. Multivariate analysis of several
studies suggests that these risk factors could be catego-
rized as patient factors, bacteriologic factors, or thera-
py-related features (Table 43.1). The patient factors in-
clude: age >60 years, prolonged duration of mechanical
ventilation, coma on admission, shock, creatinine
>1.5, transfer from another ward to the ICU, bilateral
infiltrates, an ultimately fatal underlying condition,
multiple system organ failure, and a non-surgical pri-

Table 43.1. Risk factors for an adverse outcome (mortality)
from VAP

Patient risk factors
Prolonged mechanical ventilation before pneumonia
Underlying fatal or serious illness

APACHE score of 11–30
Severe pneumonia (with sepsis, or ARDS)
Bilateral lung infiltrates
Medical (vs. surgical) diagnosis
Age >60

Bacteriologic risk factors
High risk pathogen

Pseudomonas aeruginosa
Acinetobacter sp.
S. maltophilia
Methicillin-resistant S. aureus

Antibiotic resistant pathogen
Especially if acquired during therapy

Superinfection after a first course of therapy

Therapy-related risk factors
Prior antibiotic therapy
Inadequate initial therapy (organism not sensitive to

therapeutic agent)
Inadequate dose or dosing regimen

mary diagnosis [7, 12–16]. The bacteriologic factors
that predict mortality include the presence of “high
risk” or resistant pathogens [P. aeruginosa or S. aureus
including methicillin-resistant organisms (MRSA)],
the emergence of resistance during therapy, or the pres-
ence of superinfection. The therapy related predictors
of mortality include: inappropriate initial therapy and
prior antibiotic therapy (particularly for a previous
pneumonia so that therapy is being given for superin-
fection) [6, 7, 17, 18].

While most studies have looked only at mortality,
there are some limited data about the predictors of
non-response to VAP therapy, that include both those
who died and those who were slow to improve. Ionas
and colleagues [19] evaluated 71 patients with VAP, and
found that 44 had a non-response, defined by a lack of
clinical improvement, or worsening, after 72 h of thera-
py, and 22 of these patients subsequently died. In a uni-
variate analysis, the predictors of non-response were:
male sex, initial hypotension, use of corticosteroids,
prior pneumonia in the preceding year, and signs of
systemic inflammation (elevated IL-6 and IL-8 levels)
on the day of VAP onset. Only an initial elevation of IL-
6 was associated with non-response in a multivariate
analysis. In the non-survivors in this study, the only
predictor of mortality in a multivariate analysis was
persistent elevation of IL-6 on day 3 of therapy. Other
factors predicting mortality in the univariate analysis
included: inappropriate antimicrobial therapy, MRSA
as a cause of pneumonia, persistent hypoxemia on day
3, and reintubation. In another study, Combes et al.
found that 28 of 124 patients had a VAP recurrence [20].
Recurrence was defined when there were clinical signs
of pneumonia, with a new or progressive infiltrate and
in the study, recurrence was defined as either “persis-
tence” if the original pathogen was present on a repeat
quantitative culture of a protected brush or BAL sample
(persistence), or as “relapse” if the finding of pathogens
occurred after the completion of therapy. The presence
of recurrence was unrelated to the etiology of the first
episode of VAP but was correlated in a multivariate
analysis with: severity of the initial radiographic ab-
normality, persistent fever at day 8, and the presence of
ARDS on day 8. Recurrence prolonged the duration of
ventilation, the hospital stay and the ICU stay, and was
also correlated with an increased mortality rate, em-
phasizing the close relation between mortality and
non-response to therapy.

A summary of the available data about risk factors
for mortality from VAP is included below.
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43.2.1
Patient Risk Factors
43.2.1.1
Duration of Mechanical Ventilation

Late onset VAP (after 4 days of mechanical ventilation)
has a much higher mortality than early onset VAP
(within the first 4 days of mechanical ventilation) [2,
18]. This probably reflects the fact that P. aeruginosa,
Acinetobacter sp. and methicillin-resistant S. aureus
(MRSA) and other resistant organisms are more com-
mon in late onset VAP and are more difficult to treat [2,
21, 22]. In addition, these organisms are commonly
multi-resistant and they may persistently colonize intu-
bated patients (especially P. aeruginosa), and thus mi-
crobiologic eradication may be impossible [23]. In con-
trast, early onset VAP is caused by S. pneumoniae, H.
influenzae, and methicillin-sensitive S. aureus [2], or-
ganisms that can be eradicated rapidly by readily avail-
able antimicrobial therapy, and a short course of antibi-
otics may be effective [24]. Another confounding factor
is that the patients who develop late-onset infections
have more severe underlying illness, as reflected by the
need for prolonged ventilation. It is, therefore, unclear
whether it is the types of bacteria present in late onset
VAP or the disease-related factors that predispose to
late onset infection, that lead to a relatively worse out-
come. These effects are difficult to separate, and the
problem is further confounded by the fact that not all
investigators have been able to demonstrate that pa-
tients with late-onset VAP have a higher mortality than
those with early-onset pneumonia [3]. More recently,
some insight into this issue has emerged with the rec-
ognition that some patients with “healthcare related
pneumonia” (HCAP) are at risk for infection with mul-
ti-drug resistant (MDR) pathogens, regardless of the
time of pneumonia onset. This is because, by defini-
tion, these patients are in contact with the healthcare
environment prior to hospitalization (such as those
who reside in nursing homes, those recently hospital-
ized in the past 90 days, and those undergoing hemodi-
alysis) [2], and thus when they develop VAP, the patho-
gens can be the same early in the hospital stay as are
present later in the hospital stay.

43.2.1.2
Severity of Illness on Admission

Scoring systems, such as the APACHE (Acute Physiolo-
gy And Chronic Health Evaluation) score, have been
used to define severity of illness on admission to the
ICU. In one study of 279 ICU patients, of whom 93 had
infection, the development of infection was associated
with an increased risk of death. However, the greatest
mortality attributable to nosocomial infection oc-
curred in patients with moderate degrees of illness, and

not in those with very mild or very severe disease [25].
The odds ratio of attributable death was 4.5 in patients
with an APACHE score of 11–20, and 2.2 in those with
a score of 21–30. These findings suggest that patients
who have very mild illness on admission will recover
regardless of the presence of infection, while those with
very severe illness have their outcome defined by fac-
tors other than infection. In spite of these findings, Rel-
lo et al. did observe that the development of nosocomi-
al pneumonia has a direct impact on severity of illness
as measured by the APACHE score [26]. They followed
26 patients with antibiotic sensitive VAP due to P. aeru-
ginosa, and defined a population of 18 patients who re-
sponded to therapy and a group of 6 who did not. Al-
though both groups had similar APACHE scores on ad-
mission, the responders had a serial drop in the
APACHE score, even when pneumonia was diagnosed,
and as it was treated. However, the non-responders had
a serial increase in APACHE score, which was measured
at the time of VAP diagnosis, and the score rose even
higher 72 h after treatment. If the score at this time was
& 20, the mortality rate was nearly 100% [26].

43.2.1.3
Severity of Pneumonia

Pneumonia-related risk factors associated with an in-
creased risk of death include worsening hypoxemia,
shock or severe sepsis, bilateral radiographic involve-
ment and persistent respiratory failure [7]. The impact
of bacteremia on outcome is unclear since different
studies have had conflicting results [27, 28]. As men-
tioned above, initial radiographic abnormality, as well
as persistence on day 8, were predictors of recurrence
in one study, and recurrence in turn was a mortality
predictor [20].

43.2.1.4
Age

In some studies, age has been identified as a mortality
risk in both univariate and multivariate analysis. How-
ever, the impact of age itself has been variable, with
studies implying that the association of age with other
disease processes may be the most important explana-
tion for the observed risk. The relevant age for mortali-
ty has varied from >45 years to >60 or >70 years [14,
15, and 16].

43.2.1.5
Type of Patient

Chastre et al. found that in patients with acute respira-
tory distress syndrome (ARDS) the presence of VAP
significantly increased the duration of mechanical ven-
tilation but not mortality, while mortality was in-
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creased by VAP in patients without ARDS [29]. The ef-
fect of VAP on mortality is different for medical com-
pared to surgical patients: surgical and trauma patients
have a lower attributable mortality rate from VAP than
other populations [3, 30]. This could be explained be-
cause trauma patients are often young, without under-
lying comorbidities, and often have early-onset VAP,
caused by sensitive organisms that are relatively easy to
treat.

43.2.2
Bacteriologic Risk Factors
43.2.2.1
High Risk and Antibiotic Resistant Pathogens

Pseudomonas aeruginosa, Acinetobacter sp., Stenotro-
phomonas maltophilia and methicillin-resistant Staphy-
lococcus aureus are considered “high risk” pathogens
and are associated with higher mortality [17, 22, 31, 32,
33], although one study did not find them to be a risk
factor for relapse or persistence [20]. These organisms
tend to be antibiotic-resistant, and are difficult to treat,
and the patients who are affected are often seriously ill.
Fagon and colleagues observed that the overall attribut-
able mortality of VAP was 27%, but rose to 43% when
VAP was due to P. aeruginosa or Acinetobacter sp. [22].
Similarly, Kollef et al. found 65% mortality among the
patients with late-onset VAP when the pathogens were P.
aeruginosa, Acinetobacter sp. or S. maltophilia [17].
Mortality from VAP is also increased if initial antibiotic
therapy is inadequate, and the frequency of inadequate
therapy is highest for antibiotic-resistant organisms. A
review by Kollef indicated that nearly 40% of empiric
antibiotic choices were inadequate when VAP was due to
P. aeruginosa, 25% with S. aureus and 20% with Acine-
tobacter spp. [34]. There are studies showing no excess
mortality for respiratory infections with resistant bacte-
ria, but it is likely that these patients did so well because
of the use of adequate antibiotic therapy [35]. A recent
report from Zahar and colleagues found no increased
mortality in VAP due to MRSA [36]. However, Rello and
colleagues performed a case-control study of 75 patients
with MRSA VAP, and found an odds ratio of mortality of
3.8 with MRSA, and the absolute mortality for MRSA
VAP was 48%, compared to 25% for the ventilated con-
trols [37]. Therapy may have had some impact on the
findings, since those who received continuous infusion
of vancomycin had a lower mortality than those treated
with non-continuous vancomycin or teicoplanin.

Other microbiologic features, such as the number of
organisms isolated from bronchoscopically retrieved
specimens and the influence of prior antibiotic use on
the number of organisms recovered, may be important
but have not been adequately studied. Some studies
have suggested worse outcomes when bronchoscopic
samples had high bacterial counts [38]. In addition,

one study suggested that if BAL samples showed no
growth, then the prognosis was excellent and that anti-
biotics could be safely stopped after 3 days, even if there
was a clinical suspicion of VAP, although for most pa-
tients in this study, there was a low clinical suspicion of
infection [39].

Although P. aeruginosa VAP is associated with a
high attributable mortality, a study by Carmeli et al.
showed a dramatic mortality impact for the acquisition
of resistance during therapy for patients with P. aerugi-
nosa infection [40]. Although resistance at baseline was
associated with a delay in effective therapy for some pa-
tients, those with resistant organisms had the same
mortality rate as those with sensitive organisms
(7.6%). However, if emergence of resistance occurred
during therapy, mortality rose threefold, and the inci-
dence of secondary bacteremia increased ninefold.

43.2.3
Therapy Related Risk Factors

Because VAP is a severe infection, the prompt institu-
tion of antibiotics is expected to favorably influence
survival. However, antimicrobial therapy can have two
other effects. In patients with very severe illness, there
may be limited efficacy, as these patients cannot benefit
from effective therapy. In addition, the development of
pneumonia, especially with resistant organisms, can
occur due to extensive use of antibiotics [6, 14].

43.2.4
Inadequate and Inappropriate Initial Antibiotic Therapy

Mortality in VAP has been associated with inadequate
empiric antibiotic therapy. In the new ATS/IDSA guide-
lines for nosocomial pneumonia, the terms “inade-
quate” and “inappropriate” were defined, with the term
“inappropriate” being used to refer to the failure to se-
lect an antibiotic to which the etiologic organism is
sensitive [2]. In general, most studies of VAP therapy
have evaluated whether therapy is appropriate or not,
by this definition. “Inadequate” refers to not only using
the correct antibiotic, but doing so in the correct dose
and timing, and doing all the other things necessary to
achieve successful therapy. In general, studies have not
examined inadequate vs. adequate therapy.

Several authors have observed significantly lower
mortality rate in patients receiving appropriate antibi-
otic therapy, compared to inappropriate therapy [3, 6,
41, 42, 43]. However, not all studies found a difference
in mortality rate for patients receiving appropriate an-
tibiotic therapy [44, 45]. Whether it is possible to modi-
fy therapy based on microbiologic data and have a fa-
vorable result remains an open question [6, 42].

Kollef and colleagues evaluated the relationship be-
tween inappropriate antimicrobial treatment and hos-
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pital mortality in 2,000 patients admitted to the inten-
sive care unit of an urban teaching hospital [18]. Inap-
propriate antimicrobial therapy, defined as the micro-
biologic documentation of an infection that was not be-
ing effectively treated at the time of identification, was
being used in a total of 169 (8.5%) patients and the hos-
pital mortality rate for these patients was 52.1% com-
pared to 12.2% mortality for those receiving appropri-
ate therapy. Luna and colleagues conducted a prospec-
tive observational study in 132 patients with VAP [6].
All patients underwent a bronchoscopy with BAL with-
in 24 h of establishing a clinical diagnosis of VAP, and
most received antibiotic therapy prior to bronchosco-
py. When therapy was appropriate (16/50 patients), the
mortality rate was 38%. In patients receiving inappro-
priate therapy, the mortality rate was significantly
greater (91%) and did not improve when they were
switched to appropriate therapy based on BAL data.
This emphasizes the need to choose initial empiric
therapy accurately.

In a more recent study, Micek and colleagues used a
protocol of initial broad-spectrum empiric therapy, af-
ter a clinical diagnosis of VAP, which included cefepi-
me, ciprofloxacin or gentamicin, and vancomycin or li-
nezolid [46]. Using this therapy protocol, 93.5% of pa-
tients received initially effective therapy. The authors
recommended discontinuation of antibiotics when pa-
tients with suspected VAP were found to have a non-in-
fectious cause of lung infiltrates or to have resolution of
clinical signs of pneumonia and they were able to re-
duce duration of therapy to as low as 5.8 days following
this protocol, even though resistant gram-negative bac-
teria were commonly present. Interestingly, they found
that the total duration of therapy (a measurement of
how rapidly patients had resolution of VAP) was corre-
lated with the initial CPIS, with those patients having a
high initial score requiring a longer duration of therapy
than those with a lower initial score.

Several studies have shown [47, 48] that it is not
enough to administer the correct therapy, but that this
therapy must be administered in a timely fashion, and
that mortality increases if the correct therapy is not giv-
en in the first 24 h of illness. In another study, the im-
pact of delays in therapy was progressive, with mortali-
ty being 7.4% if the correct therapy was given at the on-
set of VAP, but rising to 25.8% if the correct therapy was
first given on day 1, and 50% if given on day 2 or later
[49]. In that same study, the impact of appropriate ther-
apy also interacted with severity of illness, being able to
reduce mortality only in those VAP patients with less
severe illness. Patients with very severe illness, as mea-
sured by an organ dysfunction score, had the same high
mortality regardless of the appropriateness of therapy,
implying that they were too ill to recover.

43.2.4.1
Prior Antibiotic Therapy

Use of antibiotics prior to the development of pneumo-
nia has been associated with a higher mortality rate in
patients who later develop pneumonia [6, 14, 17]. The
use of antibiotics may lead to emergence of antibiotic
resistant pathogens. It has been shown that when bron-
choscopy was positive while patients were receiving an-
tibiotics for VAP, the organisms were generally antibi-
otic resistant [50]. Conversely, the lack of use of prior
antibiotics has been associated with lower mortality
and more sensitive organisms such as gram-positives
and Haemophilus influenzae [51].

43.2.4.2
Adequate Antibiotic Dosing

When antimicrobial therapy is administered, it must be
dosed in a manner that takes into account mechanism
of action, activity relative to the MIC of the target or-
ganism, and penetration to the site of infection. Some
antibiotics, like aminoglycosides, linezolid, and quino-
lones, are bactericidal in a concentration dependent
fashion, while others (beta-lactam antibiotics and van-
comycin) kill in relation to how long the serum concen-
tration exceeds the minimum inhibitory concentration
(MIC) of the target organism [52]. Antibiotics that kill
in a concentration-dependent fashion may be best ad-
ministered as once daily doses. This approach achieves
high peak concentrations in the serum, thus maximiz-
ing efficacy, but with low trough concentrations, which
may minimize the toxicity of agents such as the amino-
glycosides. When an antibiotic kills in a time-depen-
dent fashion, the optimal antibacterial effect with the
minimal total dose of antibiotic could be achieved by
continuous infusion administration, but this approach
has not been proven to have any benefit [53].

In addition to the timing of administration, an anti-
biotic must be used at a high enough dose to treat the
likely pathogens present in a severely ill patient with
VAP. In the ATS/IDSA nosocomial pneumonia guide-
lines, recommendations are given for the dosing of an-
tibiotics for VAP in patients with normal renal function
[2]. These doses were chosen based on studies of pneu-
monia in severely ill patients and include: cefepime
1–2 g every 8–12 h; imipenem 500 mg every 6 h or 1 g
every 8 h; meropenem 1 g every 8 h, piperacillin-tazo-
bactam 4.5 g every 6 h; levofloxacin 750 mg daily or ci-
profloxacin 400 mg every 8 h; vancomycin 15 mg/kg ev-
ery 12 h leading to a trough level of 15–20 mg/l; linezo-
lid 600 mg every 12 h; and aminoglycosides of 7 mg/kg
per day of gentamicin or tobramycin and 20 mg/kg of
amikacin.
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43.3
Time Course of Resolution of Ventilator
Associated Pneumonia
43.3.1
Resolution of Clinical Parameters

While the resolution of pneumonia can be defined both
clinically and microbiologically, most patients are ob-
served in a serial fashion using readily available bed-
side information. Many of the features of VAP have
been combined into a scoring system, the clinical pul-
monary infection score (CPIS) of Pugin et al., and the
resolution of illness can be defined by serial measure-
ments of the CPIS [54]. Using a modification of this sys-
tem, Garrard et al. measured a daily CPIS in 83 patients
with nosocomial pneumonia [55]. Pneumonia was di-
agnosed when the score was & 6 out of a possible score
of 10, based on assessing five variables, each of which
received a score from 0 to 2. These variables were: tem-
perature, white blood cell count, purulence of secre-
tions, oxygenation, and extent of radiographic infil-
trates. The CPIS increased progressively from a base-
line value <6, to a value >6 over the 2 days preceding
the day that the diagnosis was made and antibiotics
were started [55]. Once therapy was initiated, the CPIS
fell gradually over the next 9 days, generally falling be-
low 6 by the 5th day of therapy. When the CPIS did not
fall, the clinical deterioration was usually due to infec-
tion with P. aeruginosa.

Singh and colleagues have used serial measurements
of the CPIS to describe the time course of illness in pa-
tients with VAP. In that study, patients were clinically
evaluated with a CPIS that included five variables,
scored on a scale of 0–2: fever, leukocytosis, appear-
ance of tracheal secretions, radiographic patterns and
oxygenation to assess the likelihood of pneumonia
[56]. If the score was >6, patients were diagnosed as
having VAP and were treated for 10–21 days. However,
those with a clinical diagnosis of VAP but a score of <6
were randomized to either “standard care” or 3 days of
ciprofloxacin at 400 mg every 8 h. After 3 days, for the
patients treated with ciprofloxacin, the CPIS was mea-
sured again, adding two other criteria: radiographic
progression and the results of respiratory cultures, and
if the score remained<6, antibiotics were stopped. Us-
ing this approach, 42 patients received standard thera-
py, and 39 received 3 days of ciprofloxacin therapy. On-
ly 11 of the 39 patients needed continued antibiotics af-
ter 3 days (because the CPIS had increased to >6), and
the rest of the group had the antibiotic stopped after
3 days. Their outcomes were similar to the patients who
received standard duration of therapy. These data
showed that many patients have a rapid clinical re-
sponse associated with a good outcome with a short
course of antibiotic therapy, which can reduce antibiot-
ic resistance. However, it is still unclear if the findings

mean that some patients with early pneumonia can re-
spond rapidly to timely and appropriate therapy, or if
some of these patients appeared to respond so well be-
cause they never actually had pneumonia to begin with.

A study by Luna and colleagues followed ventilated
patients prospectively with serial calculations of the
CPIS before the onset of VAP, and then at the time of di-
agnosis and during therapy. In this study, microbiolog-
ic confirmation required the growth of 104 colony
forming unit/ml (cfu/ml) of a pathogen from a bron-
choscopically obtained BAL or from blood cultures
[57]. Sixty-three patients developed clinical evidence
and had microbiologic confirmation of VAP. An in-
crease in CPIS score was seen prior to the onset of VAP,
which fell progressively with treatment. The decrease
was significant on all 31 patients who survived, but not
significant in the non-survivors. The only clinical pa-
rameter that distinguished survivors from non-survi-
vors was the PaO2/FiO2 ratio. Patients receiving ade-
quate antibiotics had a decrease in CPIS and a signifi-
cant improvement in oxygenation by day 3 of treat-
ment, whereas those receiving inadequate therapy did
not.

An observational study by Vidaur and colleagues [4]
compared the resolution of VAP in patients with and
without ARDS. Seventy-five episodes of VAP without
ARDS were identified and compared with 20 episodes
with ARDS at the time of diagnosis of VAP. They found
that resolution of fever, increase in the PaO2/FiO2

>250 mmHg, and white blood cell count in episodes of
VAP occurred by the 3rd day of therapy in 73.3%,
74.7%, and 53.3% of patients. In the absence of ARDS,
resolution of fever and PaO2/FiO2 >250 occurred with-
in the 1st day of therapy in 50% of the patients. Radio-
graphic resolution and clearance of secretions were late
events (median of 14 and 6 days of resolution). In pa-
tients with ARDS, resolution of fever remained the ear-
liest response variable and radiologic resolution was an
extremely poor indicator, being present in only 10% of
ARDS patients after 15 days of follow-up. Sixty-five
percent of ARDS patients failed to improve after 48 h of
therapy as compared to 14.7% of controls. Again, this
study suggests that improvement in oxygenation and
core temperature occurs early and can help clinicians
shorten the duration of therapy in non-ARDS VAP. In
patients with ARDS, resolution of VAP takes twice as
long and is associated early on, only with improvement
in temperature, and not oxygenation.

43.3.2
Resolution of Bacteriologic Abnormalities

Serial quantitative microbiologic studies of lower respi-
ratory tract secretions can also define resolution end
[24]. Garrard et al. have correlated their clinical assess-
ment using the CPIS, with serial quantitative cultures

43.3 Time Course of Resolution of Ventilator Associated Pneumonia 461



of nondirected, non-bronchoscopic lung lavage sam-
ples in 89 episodes of VAP in 83 patients [55]. A rise in
culture counts was seen during the 2 days preceding the
clinical onset of pneumonia, and the counts decreased
with the initiation of therapy. Clinical and microbio-
logic parameters were well correlated, and patients
who showed a good clinical response to therapy had a
rapid fall in colony counts, usually by 48–72 h. Treat-
ment failures were often due to the presence of P. aeru-
ginosa VAP, with a higher mortality rate and a persis-
tence of colony counts >103 cfu/ml. A microbiologic
non-response to therapy could be defined at 24–72 h,
while recognition of a clinical non-response generally
took longer. This may not be clinically relevant in prac-
tice because of the delay in obtaining the results of bac-
terial cultures.

Serial bronchoscopy has also been used to evaluate
the resolution of nosocomial pneumonia. Dreyfuss et
al. performed serial protected specimen brush (PSB)
sampling in 34 patients with a clinical suspicion of
pneumonia, all of whom had initial quantitative cul-
tures that showed “borderline” results, with organisms
present at a concentration of between 102 and 103 cfu/
ml [58]. None of these patients was treated with antibi-
otics, but repeat bronchoscopy was performed within
72 h if there was persistent suspicion of pneumonia and
if patients were maintained off antibiotics. In 12 pa-
tients, the same organism was isolated on the repeat
bronchoscopy, but now at a >103 concentration and an-
tibiotics were administered, while in 22 patients, the di-
agnosis of pneumonia was excluded. The mortality rate
in the population having a positive repeat bronchosco-
py (75%) was significantly higher than the mortality
rate of those with a negative repeat bronchoscopy, sug-
gesting that some patients may have had early pneumo-
nia, even with relatively low colony counts, at a time
when clinical features of pneumonia were present, and
that when left untreated, counts rise rapidly in those
with VAP.

Montravers et al. obtained repeat PSB samples 72 h
after starting therapy to define the bacteriologic re-
sponse to therapy. The results of these microbiologic
evaluations were compared with the clinical outcome
[59]. When the follow-up PSB sample showed no
growth or <103 cfu/ml, a clinical therapeutic failure oc-
curred only 7% of the time, whereas a microbiologic
failure to eradicate, indicated by >103 cfu/ml, was asso-
ciated with clinical failure in 55.8% of the patients. Six-
ty-seven percent of patients had sterilization of pulmo-
nary secretions by day 3; 21% had persistent low-grade
infection; and 12% had persistent high-level infection.
Clinical improvement was present in 96% of those with
microbiologic eradication, and in 81% of those with
persistent low-level infection, but in only 44% of those
with persistent high-level infection. These data suggest
that most patients with VAP have a rapid clinical and

microbiologic response to therapy, and that the two
parallel one another, but it remains uncertain whether
the identification of a non-response can lead to modifi-
cation of therapy that could improve outcome. Baugh-
man and colleagues confirmed this general idea, by do-
ing serial non-quantitative BAL samples in 32 patients
with VAP, with samples collected at the time of diagno-
sis and between days 2 and 5 of therapy [60]. They
found that 18 of 32 patients with VAP had persistent
high bacterial counts and they had a significantly in-
creased mortality that was twice as high as those with
sterile cultures on the repeat sample.

43.3.3
Resolution of Specific Abnormal Findings

Several recent studies have looked at the resolution of
VAP. Dennesen et al. examined the resolution of symp-
toms and signs in 27 patients with VAP diagnosed clini-
cally and microbiologically, all of whom were receiving
adequate and appropriate antibiotic therapy [24]. Res-
olution was defined as the first day that four endpoints
were achieved: absence of fever, decrease in leukocyte
count to e 10,000/mm3, improvement in PaO2/FiO2 ra-
tio & 250, and no growth or 1+ growth of bacteria in
cultures of respiratory tract secretions The mean time
to resolution was 5 days for fever, 6 days for oxygena-
tion, 8 days for leukocyte count, and 10 days for bacte-
rial cultures. The mean time for resolution of all pa-
rameters for the group as a whole was 9 days, but only
6 days if clinical and not microbiologic criteria were
used to define response (Fig. 43.1). Again, the best pre-
dictor of resolution was improvement in oxygenation
as measured by PaO2/FiO2 ratio & 250 and duration of
antibiotic therapy was generally longer than required
to achieve resolution. An interesting finding in this
study was that clinical resolution preceded microbio-
logic response; this may have reflected the fact that or-
ganisms such as P. aeruginosa persist in culture even
with an adequate clinical response. Thus, microbiolog-
ic endpoints may be unrealistic for certain organisms.
A recent comparison of 8 days vs. 15 days of treatment
for VAP [61] demonstrated that resolution, mortality
and recurrence were similar when patients received a
shorter duration of antibiotics, except in those with
non-fermenting gram negative bacilli, who tended to
have a slightly higher recurrence rate. In this study, all
patients received appropriate antibiotic therapy, and
the investigators followed resolution of individual VAP
parameters (Fig. 43.1). They found that at day 7, the
mean temperature was 37.9°C, the leukocyte count re-
mained above 10,000/mm3, the PaO2/FiO2 ratio was
above 225, and the radiograph continued to be abnor-
mal. The findings in this study are very similar to the
findings by Dennesen et al. [24].
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Fig. 43.1. Shown is the time course of resolution of clinical fea-
tures in patients with VAP, showing the mean white blood cell
count (WBC) in units of thousands per cubic millimeter; the
PaO2/FiO2 (P/F) ratio in units of kPa; and the temperature
(TEMP) in degrees centigrade. The data are shown on day 0
(day of diagnosis) and day 6 of therapy for the 27 patients in
the study by Dennesen et al. (Day 0-D, Day 6-D) and on day 0
and day 7 for the 401 patients in the study by Chastre et al. (Day
0-C, Day 7-C). In both studies, the findings are similar

43.3.4
Changes in Biologic Markers During Resolution of VAP

An interesting study by Luyt and colleagues [62] evalu-
ated the evolution of serum procalcitonin levels in pa-
tients with VAP during therapy. Procalcitonin, the pre-
cursor molecule of calcitonin, has no hormonal activi-
ty. Procalcitonin levels increase during bacterial infec-
tions and are associated with prognosis in patients with
sepsis and septic shock [63, 64]. They obtained serial
serum procalcitonin levels (day 1, 3 and 7) in 63 pa-
tients with microbiologically proven VAP. During treat-
ment serum procalcitonin levels decreased in all pa-
tients, but were significantly higher in the 38 patients
with an unfavorable outcome, which included death,
VAP recurrence or extrapulmonary infection. Using re-
ceiver operating characteristic curves, a procalcitonin
cut-off value of 1 ng/ml on day 1 had a sensitivity of
83% and a specificity of 64% to predict an unfavorable
outcome. On day 3, a procalcitonin level >1.5 ng/ml
and a PaO2/FiO2 <210 were similarly predictive of poor
outcome with odds ratios of 24.6 and 25.9 respectively.
On day 7, a procalcitonin level >0.5 ng/ml was the
strongest predictor of adverse outcome with an odds
ratio of 64.2 [62]. They concluded that serum procalci-
tonin levels may be helpful in early risk stratification in
patients with VAP. However, a clinical parameter, the
Pa02/Fi02 ratio on day 3 was also a good predictor of ad-
verse outcomes.

Plasma and BAL levels of soluble triggering receptor
expressed on myeloid cell (sTREM-1) have been recent-
ly measured in ventilated patients in the search for an
early indicator of the development of VAP [65]. Twenty-
eight ventilated patients were prospectively followed

with serial plasma and non-directed BAL fluid levels of
sTREM-1. Nine patients were subsequently diagnosed
and treated for VAP and 19 patients did not develop
VAP. Plasma levels did not change significantly in ei-
ther group, but BAL fluid sTREM-1 levels rose sharply
in the nine VAP patients before the diagnosis and de-
clined quickly after initiation of antibiotic treatment.
In this study, however, all patients with VAP responded
well to treatment. Thus, further investigation is clearly
necessary to determine whether local sTREM-1 levels
may be useful in monitoring response to therapy in
VAP.

43.4
Non-Response to VAP Therapy: Definitions
and Differential Diagnosis

There is no uniformly accepted definition of non-re-
sponse or non-resolution of VAP, but recent investiga-
tions have given us a good understanding of the natural
history of VAP, a good overview of the expected re-
sponse to therapy, and an appreciation of the variety of
factors associated with a delayed response or mortality.
As we have seen, patient factors, clinical findings and
microbiologic data can be used to identify those who
are likely to do well and those who are unlikely to re-
spond. Using a combination of clinical finding and mi-
crobiologic criteria for resolution, such as serial mea-
surements of the CPIS, we may be able to identify those
patients who are responding well to therapy and short-
en the duration of antibiotic treatment, or we could
identify at an early time point those who need further
evaluation because of a poor response to therapy. Stud-
ies evaluating changes in the concentration of biologic
markers during resolution of VAP have shown promis-
ing results and may become useful in early risk stratifi-
cation. Future studies are needed to determine whether
proactive management and evaluation, based on any of
these parameters, will be able to impact the outcome of
patients with VAP.

In the studies that have been done, the definition of
non-response has been made by 72 h [5, 19], while re-
lapse or recurrence generally starts at day 9 or later
[20]. Causes of non-response in the study by Ionas et al.
were sometimes multiple and included: use of inappro-
priate therapy (10/44), superinfection (6/44), concomi-
tant infection (13/44), non-infectious cause (7/44) or
no known cause (16/44) [19]. Those without a known
cause commonly had serious underlying illnesses such
as ARDS, sepsis or multiple organ dysfunction.

If the patient is not improving by day 3 then a broad
differential diagnosis is needed, focusing on several
broad areas: treatment of the wrong organism, treat-
ment of the wrong diagnosis, or the presence of a com-
plication of VAP [2]. Organism considerations include
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the presence of a resistant or unsuspected pathogen, in-
cluding fungi and mycobacteria. The diagnosis may not
be pneumonia, but could be atelectasis, congestive
heart failure, inflammatory lung disease, pulmonary
embolus, pulmonary hemorrhage, a non-pulmonary
infection or malignancy. Complications of VAP that can
lead to a non-resolution of clinical findings include pul-
monary embolus, antibiotic-induced diarrhea, drug fe-
ver or empyema. The first step in evaluating these pa-
tients is to check respiratory tract cultures, just to be
sure that the therapy is active against the pathogen(s)
isolated. In addition, more cultures and diagnostic test-
ing are needed to evaluate the patient properly, depend-
ing on the likely explanation, after performing a careful
differential diagnosis. When a patient is not responding
to initial therapy, based on our understanding of the
natural history of disease resolution, a change in antibi-
otics, combined with an aggressive diagnostic re-evalu-
ation, should be done no later than day 3.
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44 Invasive Devices in the Pathogenesis
of Nosocomial Pneumonia
M. Valencia, T.T. Bauer, A. Torres

44.1
Introduction

Nosocomial pneumonia remains a common complica-
tion in patients who require mechanical ventilation. On
various occasions endotracheal intubation has been
identified as a risk factor for nosocomial pneumonia.
Levine and Niederman [1] described four different de-
vice/host interactions that may be responsible. First, an
endotracheal tube can have direct effects on the airway,
resulting in an impairment of local host defense mech-
anisms. Mucosal injury can reduce mucociliary func-
tion, while upper airway defenses are bypassed and the
effectiveness of cough is reduced. Second, intubation
can result in an enhanced capacity of tracheobronchial
cells to bind Gram-negative bacteria, an effect that fa-
vors airway colonization and, thus, pneumonia. Third,
the airway injury can create binding sites for bacteria in
the basement membrane of the bronchial tree. Fourth
and most important in relation to bacterial biofilm, en-
dotracheal tubes may serve as a reservoir for bacteria
[1].

Recent studies have suggested that microorganisms
can adhere to the surface of endotracheal tubes. Some
species produce an exopolysaccharide that acts as a
slime-like adhesive and the surface lining has been re-
ferred to as bacterial biofilm [2].

Other invasive devices such as bronchoscopes and
tracheal suction systems can also introduce microor-
ganisms into the patient’s lower respiratory tract. Al-
though transmission of infections by bronchoscopy de-
pends on many factors, the cleaning and disinfection
process is the single element that the clinician can most
influence. In spite of disinfection measures several
cases of nosocomial transmission of infections and
pneumonia have been detected [3].

This manuscript will review the basic research relat-
ed to bacterial biofilm formation on abiotic surfaces
and the possible role of bacterial biofilm on the inner
lumen of endotracheal tubes and the possible role of
other invasive devices for the pathogenesis of ventila-
tor-associated pneumonia.

44.2
Bacterial Biofilm: Definition and Formation

Bacterial biofilms are defined as matrix-enclosed bac-
terial populations adherent to each other and/or to sur-
faces or interfaces. This definition includes microbial
aggregates and also adherent populations within the
pore spaces in porous media [4].

The biofilm can be regarded as a complex matrix
with channels that allow nutrients to circulate analo-
gous to tissues of higher organisms [5]. The sessile
forms of the bacteria coated in biofilm can give rise to
planktonic bacteria that may eventually leave the bio-
film and disperse into the environment. Some of the
bacterial species that may generate biofilms are cur-
rently regarded to have only low pathogenic potential
in the context of nosocomial pneumonia such as Staph-
ylococcus epidermidis. However, P. aeruginosa and
Streptococcus pneumoniae are common nosocomial
pulmonary pathogens and their potential to aggregate
in biofilms has been well described [6]. Four funda-
mental steps have been identified during the process of
biofilm formation and are best described for P. aerugi-
nosa [6]. Flagella play an important role for the initial
attachment to abiotic surfaces of P. aeruginosa during
the first step of biofilm formation. Type IV pilli and
twitching motility further leads to the formation of mi-
crocolonies of these bacteria. Recent research has
shown that strains of P. aeruginosa unable to form
these initial microcolonies were also unable to form a
mature biofilm on a polyvinylchloride (PVC) plastic
surface [7]. Once microcolonies are formed, the at-
tached bacteria have to mature into a differentiated bio-
film [5]. Bacteria secrete small molecule pheromones at
this stage to determine whether there are enough bac-
teria to initiate the expression of a particular pheno-
type (“quorum sensing”) [8]. If this step is successful,
the microcolonies differentiate into a structured, thick,
biocide-resistant biofilm.

Chapter 44



44.3
Bacterial Biofilm: Antibiotic Drug Resistance

Biofilm-covered bacteria in the inner lumen of endotra-
cheal tubes have a decreased susceptibility to antibiotic
drugs for three reasons [9]. First, the biofilm reaches in-
to an air-filled lumen that provides almost no host de-
fense mechanisms. Ultrastructural analysis of biofilm in
endotracheal tubes has been shown to harbor polymor-
phonuclear leukocytes as well; however, until now it has
been unclear whether this reflects directed migration or
simply a contaminating mechanism during coughing or
endotracheal suctioning [10]. Second, the biofilm pro-
tects the sessile forms of the bacteria physically from an-
tibiotic action. Antibiotics may be either unable to pene-
trate the biofilm [11, 12] or the decreased diffusing ca-
pacity increases the likelihood of deactivation prior to
target contact [13]. The third reason for antibiotic resis-
tance is the slow-growing or starved state of the sessile
bacteria and some researchers hypothesize that the bac-
teria may even adopt a distinct phenotype as a biological
response to growth on a surface [14–16].

44.4
Bacterial Biofilm in Endotracheal Tubes

To date only few studies have addressed bacterial bio-
film formation in endotracheal tubes of mechanically
ventilated patients. Most studies have attempted to
prove three important points about biofilm in this
medical device: presence and quantity, the ultrastruc-
ture, and the viability of the observed microorganisms.
In 1986 Sottile and associates studied 25 ventilation
tubes (PVC, endotracheal or tracheostomy) that had
been removed from patients in one multidisciplinary
ICU after an average of 9.2 days (range 1–46 days) of
respiratory support [17]. By means of scanning elec-
tron microscopy (SEM), they could identify amor-
phous material on the inner surface that was confluent
in 21/25 tubes (84%) and intermittent in 4/25 endotra-
cheal tubes (16%). Rod shaped or coccoid bacteria
were seen on the surface of 17/25 devices (68%). Quali-
tative bacterial cultures were obtained from 23 endo-
tracheal tubes and showed bacterial growth on 19/23
occasions (83%). A total of 92% of the patients had re-
ceived antibiotic drugs and the following microorgan-
isms were cultured: S. aureus, P. aeruginosa, Proteus
mirabilis, and S. epidermidis. Diaz-Blanco and col-
leagues observed coccoid structures through SEM on
all 29 endotracheal tubes from neonates after mechani-
cal ventilation for 0.5–14 days (100%) [18]. S. epider-
midis was cultured from 12/29 tubes (41%) and group
B hemolytic S. epidermidis, P. aeruginosa, and Klebsiel-
la pneumoniae from 1/29 tubes (3%), respectively. All
patients had received antibiotics (100%).

An attempt was made to quantify the amount of ma-
terial deposited on endotracheal tubes by Inglis and as-
sociates [19]. Cotton swabs of all tubes were subjected
to quantitative bacterial cultures and the scraped-off
material was also weighed. The researchers found more
than 50 mg of biofilm dry weight in 30/40 tubes (75%),
but the absolute weight did not seem to be associated
with the duration of use. In 33/45 tubes (73%), bacteria
were cultured (P. aeruginosa, K. pneumoniae, Proteus
mirabilis, E. coli, and Enterobacter cloacae) and the
bacterial counts were as high as 106 colony forming
units (cfu) per centimeter of tube length.

In 1993, Inglis and coworkers radiographically de-
tected biofilm in 45 of 50 endotracheal tubes (90%) re-
moved from patients in a general ICU [20]. The integri-
ty of the tube was maintained in this study and the
amount of deposited material was analyzed according
to tube shape. Biofilm thickness was measured with a
dial gauge caliper and the distribution assigned to a
Magill curve template. They could clearly demonstrate
that the presence of biofilm was more likely at the tip of
the endotracheal tube (proximal segment, 45/50 tubes,
90%) and decreased towards the proximal end of the
tube (distal segment, 14/50 tubes, 28%). No correlation
was found with the duration of use for this distribution
pattern. The biofilm in vivo is probably a combination
of microbial biofilm generation and ventilatory secre-
tion deposition during expiration, coughing or endo-
tracheal suctioning. This hypothesis is further support-
ed by the fact that endoluminal biofilm from endotra-
cheal tubes of mechanically ventilated patients is com-
posed not only of bacteria and exopolysaccharides but
also contains neutrophils in varying stages of disinte-
gration with an amorphous matrix most likely corre-
sponding to respiratory mucus [10].

44.5
Sequence of Colonization of Endotracheal Tubes

It has been shown that oropharyngeal colonization pre-
cedes pulmonary infection and is an independent risk
factor of nosocomial pneumonia [21–23]. Microaspi-
ration is probably the most important pathogenic
mechanism [1, 24], but oropharyngeal colonization
may also facilitate biofilm development in the endotra-
cheal tube [19]. Feldman and coworkers investigated
biofilm formation in 21 ICU patients undergoing 24 ex-
tubations (mean length of intubation 0.5–12 days)
[25]. They identified biofilm on the inner surface of all
endotracheal tubes by SEM (24/24, 100%) and viable –
mostly Gram-negative – bacteria were identified from
secretions of all but three tubes (21/24, 88%). In a sec-
ond part of this study they attempted to identify the se-
quence of colonization by sampling of the oropharynx,
the nasogastric tube, the interior of the airway tube and
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endotracheal secretions in ten uninfected patients on at
least five consecutive days [25]. It was interesting that
the appearance of microorganisms in lower respiratory
tract secretions almost invariably preceded their ap-
pearance in the interior of the endotracheal tube. This
finding strongly suggests that the sequence of coloniza-
tion is oropharynx – tracheobronchial tree – endotra-
cheal tube and that the biofilm formation only plays a
minor role, at least for the etiology of the first pulmo-
nary infection. This assumption is also supported by
the more prominent biofilm formation near the tip of
the endotracheal tube in this [25] and previous studies
[10]. Another interesting finding of this study was that
various microorganisms showed a definitive pattern of
the colonization process. There appeared to be a ten-
dency for Gram-positive isolates to colonize the oro-
pharynx early (12–36 h), and to appear rapidly there-
after in the stomach and then in the lower respiratory
tract secretions. The colonization pattern of Gram-
negative isolates occurred somewhat later. Coloniza-
tion of the oropharynx begins between 36 and 48 h and
then progressively colonizes the stomach, thereafter
appearing in the endotracheal secretions and all these
isolates are subsequently noted within the endotrache-
al tube by 69 h [25].

44.6
Bacterial Biofilm on Endotracheal Tubes
and Nosocomial Pneumonia

It has been proposed that bacteria from the biofilm lin-
ing of the endotracheal tube might be scattered into the
lungs during ventilation gas flow, since dissemination
of bacteria from the tube has been demonstrated in vi-
tro [19]. Dynamic studies simulating the scattering of
tracheal tube biofilm have shown that bacteria can be
disseminated many centimeters from the orifice of the
endotracheal tube, far into the lung [20].

Sottile and associates were among the first to sug-
gest that there may be a relationship between nosoco-
mial pneumonia and bacterial adherence to the interior
of the endotracheal tube [17]. A study in neonates un-
dergoing prolonged mechanical ventilation failed to
demonstrate a clinical relationship between endotra-
cheal tube colonization and nosocomial pneumonia
[18]. However, this study may have lacked sufficient
power, because the children were screened for nosoco-
mial infections after extubation. In a recently published
case control study, endotracheal tubes from patients
with ventilator-associated pneumonia were more often
covered with biofilm (20/20, 100%) than those of unin-
fected control patients (6/20, 30%) [26]. Of those pa-
tients with ventilator-associated pneumonia, 14/20
(70%) had pathogens that were indistinguishable by
genotyping in both endotracheal tubes and tracheal se-

cretions. In contrast, no matching pairs of pathogens
were isolated from control patients. However, this
study leaves the question unanswered whether the bac-
teria at the inner lumen of the endotracheal tube con-
tribute to the development of ventilator-associated
pneumonia or whether they are spread from the tra-
cheobronchial tree to the tube during coughing or en-
dotracheal suctioning.

The contribution of endotracheal tube biofilm in the
pathogenesis of ventilator-associated pneumonia is
controversial [27, 28], especially if the magnitude of the
problem is related to that of other risk factors of venti-
lator-associated pneumonia [29–32]. Nevertheless, it
may be of crucial importance to the pathogenesis of re-
current ventilator-associated pneumonia [6, 25]. Rello
and coworkers investigated recurrent episodes of pneu-
monia caused by P. aeruginosa in 37 mechanically ven-
tilated patients [33]. They analyzed 16 isolates of five
patients and all but one were considered relapses be-
cause of the concordance in chromosomal fingerprint-
ing. As pointed out above, P. aeruginosa is known to
produce bacterial biofilm with reduced antibiotic sus-
ceptibility and even withstands topical antibiotic thera-
py in a clinical setting [34]. In the study performed by
Feldman and coworkers, these authors found that colo-
nization of the endotracheal tube with microorganisms
potentially causing pneumonia appears to persist in
many cases despite apparently successful treatment of
the previous pneumonia. These microorganisms may
represent a persistent source of organisms causing re-
current infections [25].

44.7
Control of Endotracheal Tube Colonization

Since the colonization of ETT biofilm may serve as a
reservoir from which bacteria are continuously seeded
into the lower respiratory tree, an effective method of
decreasing the ETT colonization is first required to
thereby support the hypothesis that biofilm is a poten-
tial contributing factor to the pathogenesis of VAP.
Methods implemented to control ETT colonization are
the use of tubes impregnated with antiseptics, anti-ad-
herent coatings and nebulized antibiotics, among oth-
ers. As has been described previously, the effectiveness
of systemic antibiotics to decrease colonization may be
limited by their inability to penetrate the biofilm. The
small amount of antibiotic that actually does penetrate
the biofilm may increase the risk of the emergence of
resistant bacteria that may subsequently colonize the
respiratory tract of the patient [25].

In a laboratory airway model, Pacheco-Fowler and
coworkers assessed the effect of ETT impregnated with
chlorhexidine (CHX) and silver carbonate (antiseptic
ETT) against several microorganisms [35]. Antiseptic
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and control ETT were inserted in culture tubes half-
filled with agar media previously contaminated at the
surface with 108 cfu/ml of the selected test organism.
Swabs of proximal and distal ends of the agar tract in
the models were subcultured. Initial and residual CHX
levels (5 days post-implantation) were determined.
Cultures of antiseptic ETT revealed colonization by the
tested pathogens ranging from 1 to 100 cfu/ml com-
pared with approximately 106 cfu/ml for the control
ETT (p<0.001). The amount of CHX retained in the an-
tiseptic ETT after 5 days of implantation was an average
of 45% of the initial level. There were important differ-
ences between the several organisms colonizing the im-
pregnated and control ETTs. It remains to be deter-
mined how these coated tubes interact with the live tis-
sues around them and the effect that such interaction
may ultimately have on the release, concentration and/
or effectiveness of the ETT. In another study, Berra et
al. investigated bacterial colonization of the ventilator
circuit, the ETT, and the lungs when the ETT was coat-
ed with silver-sulfadiazine and chlorhexidine in poly-
urethane, using no bacterial/viral filter [36]. Sixteen
sheep were randomized to receive either a standard
ETT or a coated ETT and were ventilated for 24 h. At
autopsy, the authors sampled the trachea, bronchi, lo-
bar parenchyma, and ETT for quantitative bacterial
cultures. Qualitative bacterial cultures were obtained
from the filter, humidifier, inspiratory and expiratory
lines, and water trap. ETTs were analyzed with light mi-
croscopy, SEM and laser scanning confocal microscopy.
In the control group, all eight ETTs were heavily colo-
nized (105–108 cfu/g), forming a thick biofilm. The
ventilator circuit was always colonized. Pathogenic
bacteria colonized the trachea and the lungs in five out
of eight sheep (up to 109 cfu/g). In the study group, sev-
en out of eight ETTs and their ventilator circuits
showed no growth, with absence of biofilm with the last
ETT and the respective ventilator circuit showing low
bacterial growth (103–104 cfu/g). The trachea was colo-
nized in three sheep, although no bacterial growth was
observed in the lungs and bronchi, except for one bron-
chus in one sheep. The authors concluded that coated
ETT induced a nonsignificant reduction in trachea col-
onization, eliminated or reduced bacterial colonization
of the ETT and ventilator circuits and prevented lung
bacterial colonization. The use of silver-sulfadiazine
and chlorhexidine has the advantage that bacteria are
not known to develop resistance to these antiseptics
[37]. Changing the surfactant coating of the ETT may
prevent the colonization to the ETT surface. Jones and
coworkers [38] performed a study to describe the phys-
icochemical and microbial anti-adherent properties of
surfactant blends as candidate coatings for ETTs. Or-
ganic solutions of surfactants containing a range of
ratios of cholesterol and lecithin (0:100, 25:75, 50:50,
75:25, dissolved in dichloromethane) were prepared

and coated onto ETT PVC using a multiple dip-coating
process. Adherence of S. aureus and P. aeruginosa to
surfactant-coated PVC at each successive time period
(0.5, 1, 2, 4, 8 h) was significantly lower than to uncoat-
ed PVC, with the extent of the reduction frequently ex-
ceeding 90%. Interestingly, the microbial anti-adher-
ent properties of the coatings were dependent on leci-
thin content. Based on the impressive microbial anti-
adherence properties and durability of the surfactant
coating on PVC following dip coatings, it has been pro-
posed that these systems may usefully reduce the inci-
dence of ventilator-associated pneumonia when em-
ployed as luminal coatings of the ETT. Finally, although
systemic antibiotics do not reach high concentrations
on the ETT biofilm, the use of nebulized antibiotics
may be effective in preventing the formation of micro-
bial biofilm. Gentamicin, nebulized via the ETT, was
compared with parenteral cefuroxime as a prevention
measure. The authors concluded that nebulized genta-
micin attained high concentrations in the ETT lumen
and was more effective in preventing the formation of
biofilm than two parenterally administered cephalo-
sporins. This therapy may be useful in preventing VAP
[39].

44.8
Bronchoscopy

Bronchoscopy can occasionally transmit infectious
lung diseases. The bronchoscope traverses the naso-
pharynx or oropharynx and may thus inoculate the tra-
cheobronchial tree and possibly the pulmonary paren-
chyma. Another potential complication is the broncho-
scopic spread of infection from an infected to an unin-
fected patient.

Although transmission of infections by bronchosco-
py depends on many factors, the cleaning and disinfec-
tion process is the single key measure to avoid trans-
mission of infections. Some organisms such as myco-
bacteria are inherently more resistant to disinfectants.
In addition, the effectiveness of the germicide depends
on its type, concentration, and duration of exposure. If
residual patient material, such as blood or sputum, re-
mains in the bronchoscope after cleaning, the effective-
ness of any subsequent disinfection procedure will dra-
matically diminish. Moreover, the complexity of the in-
strument, with crevices, joints or pores, creates prob-
lems for both cleaning and disinfecting.

Several studies have estimated this risk of develop-
ing lung infection after bronchoscopy. In a large retro-
spective study of 24,521 patients who underwent bron-
choscopy, Credel and associates found only two cases of
pneumonia [40]. In a prospective study, Pereira and co-
workers reported the development of fever in 16% of
the patients, parenchymal infiltrates in 6%, and one

44.8 Bronchoscopy 469



patient developed rapidly progressive pneumonia and
died after bronchoscopy. No organisms were isolated
from cultures of blood drawn at the time of the proce-
dure or during complications. Among the patients who
developed pneumonia, the isolates from sputum gener-
ally consisted of aerobic and anaerobic microorgan-
isms normally found in the mouth [41]. In a third study,
using two types of disinfection solutions to clean the
bronchoscope, Suratt and associates surveyed 249
bronchoscopic procedures and no patient developed
pneumonia in either period [42].

Although these few studies imply that bronchoscopy
may be free of the risk of transmitting microorganisms,
several studies have reported the transmission of infec-
tious agents by bronchoscopy. In 1978, Hussain re-
ported transmission of Pseudomonas species in seven
patients who had undergone bronchoscopy. Infection
was related to the biopsy-suction attachment and re-
sulted in one patient developing lower right pulmonary
lobe pneumonia [43]. In 1982 Sammartino described
the development of infection in 11 patients after a bron-
choscopic procedure due to the presence of P. aerugino-
sa in the inner channel of the bronchoscope, despite ap-
propriate cleaning [44]. The contamination was elimi-
nated after sterilizing the bronchoscope with ethylene
oxide. Boisjoly and associates reported a case in which
bronchoscopy for the evaluation of hemoptysis was fol-
lowed by uveitis 2 weeks later and by endophthalmitis
after 4 weeks [45]. Both sputum and vitreous cultures
yielded P. aeruginosa. Despite aggressive medical treat-
ment, enucleation was eventually performed.

Bronchoscopic transmission of bacteria other than
Pseudomonas spp. has also been described. In one re-
port, investigators isolated a Proteus spp. from an index
patient and eight subsequent patients, although no pa-
tient developed pneumonia [46]. In an outbreak that
had serious consequences, Webb and Vall-Spinoza re-
ported three patients who developed infection by S.
marcescens after undergoing bronchoscopy: Two of
these patients died of necrotizing pneumonia caused by
this organism, and an index patient infected by S. mar-
cescens was identified [47].

Beyt and coworkers [48] published a case of fatal
streptococcal pneumonia and septicemia following
flexible bronchoscopic examination and endobronchial
biopsy in a patient with severe chronic congestive heart
failure although a causal relationship was unclear.

Anecdotal reports of the development of pneumonia
and lung abscess after transbronchial biopsy of a pe-
ripheral mass lesion are noteworthy [49, 50]. Watts and
Green reported that transbronchial fine-needle aspira-
tion of a subcarinal lymph node was followed by bacte-
riemia secondary to Streptococcus viridans infection
[51]. The increasing incidence of tuberculous and non-
tuberculous mycobacterial infection has increased the
likelihood that bronchoscopy may spread these organ-

isms. In addition, mycobacteria are inherently more re-
sistant to disinfectants. In 1980 Leers [52] and Nelson
and colleagues in 1983 [53] reported one case each of
cross-contamination with Mycobacteriun tuberculosis
although the patients did not show evidence of tuber-
culosis. In a subsequent report, Wheeler and coworkers
described three cases of bronchoscopic transmission of
M. tuberculosis that resulted in clinically significant in-
fection [54]. Recently, Agerton and coworkers reported
that fatal multidrug resistant tuberculosis was trans-
mitted by bronchoscopy [55]. In the four mentioned re-
ports problems were detected in the disinfection proce-
dure. Mycobacteria other than M. tuberculosis such as
M. chelonae have been implicated in bronchoscopic
transmission of infections [56, 57]. In both cases, prob-
lems were detected with the disinfection procedure.

Spread of preexisting pulmonary infections is more
common than the propagation of patient to patient in-
fection by bronchoscopy. Fortunately, in most cases,
patients have not shown clinical evidence of infection.
Although transmission of infections to an uninfected
patient by bronchoscopy depends on many factors such
as the immunological status of the patient or the dura-
tion of the procedure, the cleaning and disinfection
process is the single key measure to control. Routine
procedures to prevent contamination include compli-
ance with recommended cleaning and disinfecting reg-
imens and regular maintenance of bronchoscopes [58].

According to our experience, the high incidence of
airway colonization in intubated patients makes bron-
choscopy a clear potential transmitter of nosocomial
infections. Bronchoscopes in the ICU should follow a
very strict policy of cleaning, aeration and disinfection.
A specific ICU nursing team should be responsible for
these practices and monthly microbiological surveil-
lance of the inner channel and outer parts of the bron-
choscope is strongly recommended.

44.9
Tracheal Suction Catheter

Endotracheal suctioning is an essential and common
supportive procedure for patients requiring mechani-
cal ventilation. This procedure removes respiratory se-
cretions and maintains the permeability of the upper
airways. Currently, there are two types of suction-cath-
eter systems, the open single-use catheter system and
the closed multiuse in-line catheter system (Fig. 44.1).

Open suctioning uses a single use catheter that can
be rapidly inserted and withdrawn from the ETT. Ster-
ile gloved technique is mandatory when using the open
system because of the risk of environmental cross-con-
tamination. Closed multiuse systems have less risk of
cross-contamination. However, the multiuse catheter
can be contaminated after the initial pass through the
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a

bFig. 44.1. The closed multiuse
in-line catheter system

ETT and repeated insertions may increase the chance
of lower airway colonization from the suction-catheter
tip and ETT. Suction catheters may introduce microor-
ganisms into the lower respiratory tract increasing the
risk of colonization of the lower airways, and thus the
risk of ventilator-associated pneumonia. Moreover, in
patients with respiratory instability, the complications
associated with this technique include arterial oxygen
desaturation, cardiac arrhythmias, inability to main-
tain PEEP, and sudden death [59].

Closed suction catheter devices are now used in
many hospitals, decreasing the risk of environmental
cross-contamination, saving time and eliminating the
need to disconnect the patient from the ventilator
[60–63]. However, on comparing the two systems it has
been suggested that the risk of catheter contamination
or pneumonia is not different comparing the standard
procedure with the multiuse system [64, 65] and few
studies have shown favorable results for the closed sys-
tems.

The endpoints of the study by Topeli et al. were to
determine the rate of VAP and colonization of the venti-
lator tubing [66]. They prospectively compared the ef-

fect of closed versus open suction systems and found
that the type of suction system used had no effect on
development of VAP. Moreover, the closed system in-
creased the rate of colonization of the ventilator tubing,
especially by multidrug resistant microorganisms. An-
other prospective, randomized study with negative re-
sults including 443 patients has recently been published
by a Spanish group [67]. The closed-tracheal suction
system did not decrease the incidence of VAP incidence
or even exogenous pneumonia, which may be easier to
reduce with this system.

Combes and coworkers [68] performed a prospec-
tive randomized study in 104 patients to compare the
VAP incidence rates in patients according to the type of
endotracheal suctioning (closed versus open) and used
the Stericath closed suctioning system. The non-ad-
justed incidence rate of VAP was lower (although not
significant) for the closed than for the open system
(7.32 vs. 15.89/1,000 patient-days, p=0.07): Multivari-
ate analysis showed an adjusted risk of VAP 3.5 times
higher in the closed system (95% CI: 11.0–12.33). The
suctioning procedure was performed once every 2 h
and the Stericath was changed every 24 h.
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There is currently no rigorous scientific evidence to
recommend one practice over another, similar to the
recommendation reported in the most recent guide-
lines for the prevention of nosocomial pneumonia pub-
lished by the Centers for Disease Control and preven-
tion [69].

The optimal procedure of the closed multiuse cathe-
ter system is still not clear. On one hand, it is recom-
mended to change the in-line suction catheter every
24 h. This recommendation is based on the ability of
bacteria to aggregate on the surface of suction catheters
and ETTs to form a biofilm that protects the bacteria
from the action of microbial agents or host defenses
[10, 17]. Dislodgement of these bacterial aggregates in-
to the lung has been proposed as a possible mechanism
for the development of VAP [19]. Others investigators
have suggested that increased manipulation of the ven-
tilator circuit can predispose the development of VAP
[31, 70]. Recently, Kollef and coworkers reported the
same incidence of VAP in two groups of patients with or
without daily changes of in-line suction catheters dur-
ing mechanical ventilation [71].

In our opinion, the closed multiuse system is useful
in unstable patients requiring mechanical ventilation
with high oxygen concentrations or high levels of PEEP
and in immunosuppressed patients because of the ex-
tremely high risk of infections that these patients have.
The in-line suction catheter must be changed when a
mechanical failure of the devices is detected (e.g., mal-
function of the valve resulting in the leakage of air into
the protected covering sheath of the catheter) or when
visible soil is clotting the inner catheter (such as result-
ing from aspiration of blood or aspired emesis). Except
in the above mentioned situations we use the open sys-
tem with single use catheters in routine suctioning pro-
cedures.

44.10
Conclusions

Bacterial biofilm has been demonstrated on the inner
surface of ETTs in a high percentage of these tubes re-
moved from mechanically ventilated patients. Biofilm
formation seems to be independent of the duration of
mechanical ventilation. However, whether this is due to
the rapid formation of biofilm or whether there or oth-
er factors involved has not been systematically investi-
gated. Endoluminal biofilm seems to form either more
rapidly or more frequently at the distal end of the ETT.
However, in vivo pure biofilm does not develop and fac-
tors such as mucus deposition should also be taken into
account. Recent research indicates that bacterial bio-
film may form more frequently in the ETTs of patients
with VAP. Nevertheless, this may represent contamina-
tion, and the magnitude of the contribution of endolu-

minal bacterial biofilm to the pathogenesis of VAP may
be minimal when other risk factors are taken into ac-
count. In contrast, bacterial biofilm of ETTs may play
an important role as a persistent source of infectious
material for recurrent episodes of VAP. However,
changing the ETT after P. aeruginosa pneumonia can-
not be recommended at this stage, since re-intubation
itself represents an independent risk factor for nosoco-
mial pneumonia [72]. Coated ETTs or the use of ex-
changeable inner linings may be a more suitable way to
prevent re-infection.

Other invasive devices such as bronchoscopes and
tracheal suction catheters may also play a role in the
pathogenesis of nosocomial pneumonia. The use of ad-
equate methods of clearing and disinfection of the
bronchoscope is mandatory to prevent infections.

References

1. Levine SA, Niederman MS (1991) The impact of tracheal
intubation on host defenses and risks for nosocomial
pneumonia. Clin Chest Med 12:523–543

2. Costerton JW (1999) Introduction to biofilm. Int J Anti-
microb Agents 11:217–221

3. Prakash UB (1993) Does the bronchoscope propagate in-
fection? Chest 104:552–559

4. Costerton JW, Lewandonski Z, Caldwell DE, Korber DR,
Lapin-Scott HM (1995) Microbial biofilms. Annu Rev Mic-
robiol 44:711–745

5. Costerton JW, Cheng KJ, Geesey GG, Ladd TI, Nickel JC,
Dasgupta M, Marrie TJ (1987) Bacterial biofilms in nature
and disease. Annu Rev Microbiol 41:435–464

6. Costerton JW, Stewart PS, Greenberg EP (1999) Bacterial
biofilms: a common cause of persistent infections. Science
21:1318–1322

7. O’Toole GA, Kolter R (1998) Flagellar and twitching motil-
ity are necessary for Pseudomonas aeruginosa biofilm de-
velopment. Mol Microbiol 30:295–304

8. Parsek MR, Greenberg EP (1999) Quorum sensing signals
in development of Pseudomonas aeruginosa biofilms.
Methods Enzymol 310:43–55

9. Gorman SP, McGovern JG, Woolfson AD, Adair CG, Jones
DS (2001) The concomitant development of poly(vinyl
chloride)-related biofilm and antimicrobial resistance in
relation to ventilator-associated pneumonia. Biomaterials
22:2741–2747

10. Inglis TJ, Lim TM, Ng ML, Tang EK, Hui KP (1995) Struc-
tural features of tracheal tube biofilm formed during pro-
longed mechanical ventilation. Chest 108:1049–1052

11. Vorachit M, Lam K, Jayanetra P, Costerton JW (1993) Re-
sistance of Pseudomonas pseudomallei growing as a bio-
film on silastic discs to ceftazidime and co-trimoxazole.
Antimicrob Agents Chemother 37:2000–2002

12. Shigeta M, Tanaka G, Komatsuzawa H, Sugai M, Suginaka
H, Usui T (1997) Permeation of antimicrobial agents
through Pseudomonas aeruginosa biofilms: a simple
method. Chemotherapy 43:340–345

13. Dibdin GH, Assinder SJ, Nichols WW, Lambert PA (1996)
Mathematical model of beta-lactam penetration into a
biofilm of Pseudomonas aeruginosa while undergoing si-
multaneous inactivation by released beta-lactamases. J
Antimicrob Chemother 38:757–769

472 44 Invasive Devices in the Pathogenesis of Nosocomial Pneumonia



14. Ishida H, Ishida Y, Kurosaka Y, Otani T, Sato K, Kobayashi
H (1998) In vitro and in vivo activities of levofloxacin
against biofilm-producing Pseudomonas aeruginosa. An-
timicrob Agents Chemother 42:1641–1645

15. Fletcher M (1991) The physiological activity of bacteria at-
tached to solid surfaces. Adv Microb Physiol 32:53–85

16. Bagge N, Ciofu O, Skovgaard LT, Hoiby N (2000) Rapid de-
velopment in vitro and in vivo of resistance to ceftazidime
in biofilm-growing Pseudomonas aeruginosa due to chro-
mosomal beta-lactamase. APMIS 108:589–600

17. Sottile FD, Marrie TJ, Prough DS, Hobgood CD, Gower DJ,
Webb LX, Costerton JW, Gristina AG (1986) Nosocomial
pulmonary infection: possible etiologic significance of
bacterial adhesion to endotracheal tubes. Crit Care Med
14:265–270

18. Diaz-Blanco J, Clawson RC, Roberson SM, Sanders CB,
Pramanik AK, Herbst JJ (1989) Electron microscopic eval-
uation of bacterial adherence to polyvinyl chloride endo-
tracheal tubes used in neonates. Crit Care Med 17:
1335–1340

19. Inglis TJ, Millar MR, Jones JG, Robinson DA (1989) Trache-
al tube biofilm as a source of bacterial colonization of the
lung. J Clin Microbiol 27:2014–2018

20. Inglis TJ (1993) Evidence for dynamic phenomena in re-
sidual tracheal tube biofilm. Br J Anaesth 70:22–24

21. Coalson JJ, Gerstmann DR, Winter VT, Delemos RA (1991)
Bacterial colonization and infection studies in the prema-
ture baboon with bronchopulmonary dysplasia. Am Rev
Respir Dis 144:1140–1146

22. Rubenstein JS, Kabat K, Shulman ST, Yogev R (1992) Bacte-
rial and fungal colonization of endotracheal tubes in chil-
dren: a prospective study. Crit Care Med 20:1544–1549

23. Garrouste-Orgeas M, Chevret S, Arlet G, Marie O, Rouveau
M, Popoff N, Schlemmer B (1997) Oropharyngeal or gastric
colonization and nosocomial pneumonia in adult intensive
care unit patients. A prospective study based on genomic
DNA analysis. Am J Respir Crit Care Med 156:1647–1655

24. Estes RJ, Meduri GU (1995) The pathogenesis of ventilator-
associated pneumonia: I. Mechanisms of bacterial trans-
colonization and airway inoculation. Intensive Care Med
21:365–383

25. Feldman C, Kassel M, Cantrell J, Kaka S, Morar R, Goolam
Mahomed A, Philips JI (1999) The presence and sequence
of endotracheal tube colonization in patients undergoing
mechanical ventilation. Eur Respir J 13:546–551

26. Adair CG, Gorman SP, Feron BM, Byers LM., Jones DS,
Goldsmith CE, Moore JE, Kerr JR, Curran MD, Hogg G,
Webb CH, McCarthy GJ, Milligan KR (1999) Implications
of endotracheal tube biofilm for ventilator-associated
pneumonia. Intensive Care Med 25:1072–1076

27. Koerner RJ (1997) Contribution of endotracheal tubes to
the pathogenesis of ventilator-associated pneumonia. J
Hosp Infect 35:83–89

28. Van Saene HKF, Damjanovic V, Williets T, Mostafa SM, Fox
MA, Petros AJ (1998) Pathogenesis of ventilator-associated
pneumonia: is the contribution of biofilm clinically signif-
icant? [letter]. J Hosp Infect 38:231–240

29. Torres A, Aznar R, Gatell JM, Jiménez P, González J, Ferrer
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45Multiple Organ Dysfunction Syndrome
F.M. Pieracci, S.R. Eachempati, P.S. Barie

The multiple organ dysfunction syndrome (MODS) is
defined as the progressive, potentially reversible dys-
function of two or more organ systems following acute,
life-threatening disruption of systemic homeostasis.
Now nearly 40 years since its initial description [1],
MODS remains the leading cause of mortality among
patients requiring ICU care. Furthermore, the financial
burden to both individual hospitals and the health care
system as a result of caring for patients with MODS is
astronomical. Currently, MODS is believed to represent
the most severe manifestation of dysregulated or un-
controlled systemic inflammation. Despite a sophisti-
cated understanding of the pathogenesis of MODS, ef-
fective therapies have remained elusive; prevention is
crucial if lives are to be spared. This is likely due to the
underlying heterogeneity of the syndrome itself; organ
dysfunction may arise following a vast array of physio-
logic insults, and MODS may affect variable numbers of
organ systems to varying degrees at different times.
Further frustrating the development of targeted thera-
peutics are the redundancy and interrelationships of
the dysregulated immune response characteristic of
MODS. However, an increased appreciation of these in-
terrelationships has resulted in advancements in the
treatment of MODS. This chapter will review current
conceptualizations of MODS as well as present and fu-
ture therapeutic strategies.

45.1
Historical Perspectives

Multiple organ failure following severe physiologic in-
sult arose during the late 1960s as the unwanted conse-
quence of advancements in the recognition and treat-
ment of shock. Patients resuscitated successfully fol-
lowing shock were often noted to succumb to a novel
disease process characterized by the progressive, irre-
versible failure of several organ systems. In 1975 Baue
synthesized early case reports of organ failure follow-
ing severe injury [1–3] into the concept of multiple or-
gan failure as a distinct entity, which he described as
“the progressive failure of many or all systems after an
overwhelming injury or operation” [4]. In his initial de-

scription, Baue gleaned two concepts fundamental to
mortality during critical illness. First, he recognized
that mortality in the ICU was the consequence of the in-
teraction of multiple failing organs. Furthermore, he
appreciated the interrelationships of individual organ
systems; injury to one organ system could cause dys-
function of another. These observations were eventual-
ly validated in numerous clinical series. For example,
pulmonary failure was found more often than not to
occur along with dysfunction of at least one other or-
gan system [5]. Moreover, mortality of acute respirato-
ry failure is usually determined by the magnitude of
non-pulmonary organ dysfunction; the combination of
respiratory and hepatic dysfunction is especially dele-
terious [5]. Furthermore, improvements in the treat-
ment of the acute respiratory distress syndrome
(ARDS), such as ventilation at low tidal volumes, also
decreased the likelihood of additional, subsequent or-
gan failure [6]. Soon after Baue’s initial description of
multiple organ failure, Fry et al. reported a linear rela-
tionship between the number of failed organs and mor-
tality during critical illness; whereas mortality follow-
ing failure of a single organ was 30%, mortality follow-
ing failure of four or more organs was 100% [7].

The etiology of multiple organ failure was initially
believed to be always infectious in nature [8]. However,
clinical, pathologic, and experimental findings soon
called this theory into question. Autopsies of patients
with multiple organ failure did not always demonstrate
an obvious source of infection; sometimes infection
was never present, or organ dysfunction progressed de-
spite successful anti-infective therapy [9, 10]. Further-
more, more often than not, trauma patients with organ
failure were not infected [11]. When infection did oc-
cur during critical illness, it sometimes followed organ
failure, rather than preceding it [12]. Under experi-
mental conditions, the characteristic hemodynamic
and inflammatory derangements could be replicated in
the absence of infection [13, 14].

Some investigators attempted to reconcile this dis-
crepancy by suggesting that an occult reservoir of path-
ogens, such as the proximal gastrointestinal tract,
could serve to perpetuate sepsis and organ failure in the
absence of another, identifiable source of infection [15,
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16]. According to the “gut-motor” hypothesis, bacterial
overgrowth during critical illness (secondary to antac-
id therapy, impaired intestinal immunity, or both) pro-
vided the fuel to sustain organ dysfunction. However,
subsequent investigations revealed that selective gut
decontamination neither attenuated the severity of or-
gan dysfunction nor improved mortality, calling this
theory into question [14, 17].

The realization that infection was a sufficient, but
unnecessary cause of organ damage resulted in a re-
evaluation of the pathophysiology of multiple organ
failure. In a seminal article, Goris et al. suggested “mas-
sive activation of inflammatory mediators by severe tis-
sue trauma or intra-abdominal sepsis” as the etiology
of multiple organ failure [11]. Marshall et al. reinforced
this theory by observing that the degree of the inflam-
matory response to infection predicted ICU mortality,
rather than the type or degree of infection itself [18].
Eventually, the hypothesis developed that a hypody-
namic, excessive, or otherwise dysfunctional immune
response was the principal cause of organ damage,
rather than the cytotoxic effects of invading microor-
ganisms per se. This theory synthesized the myriad,
seemingly unrelated, causes of organ failure into a uni-
fying hypothesis, and was consistent with both clinical
and experimental observations. In recognition of this
advancement, and in an attempt to standardize it, an
American College of Chest Physicians/Society of Criti-
cal Care Medicine consensus statement put forth diag-
nostic criteria for what was termed the systemic in-
flammatory response syndrome (SIRS) in 1992 [19].
The diagnosis of SIRS involved fulfillment of two or
more of the following criteria: (1) core body tempera-
ture >38°C or <36°C, (2) heart rate >90 beats per mi-
nute, (3) respiratory rate >20 breaths per minute (not
ventilated) or PaCO2 <32 mmHg (ventilated), (4) WBC
>12,000, <4,000, or >10% immature forms (bands).
When the cause of SIRS was infection, it was termed
sepsis.

Organ dysfunction was also recognized as a com-
mon complication of SIRS, and the term MODS signi-
fied the presence of altered organ function in critically
ill patients such that homeostasis could not be achieved
without intervention. Specifically, SIRS correlates with
both incidence and magnitude of MODS, and ultimate-
ly mortality [20]. Currently, MODS remains the acro-

Table 45.1. Historic synonyms for what is referred to currently
as the multiple organ dysfunction syndrome

Sequential organ failure
Progressive systems failure
Remote organ failure
Multiple organ failure
Multiple organ failure syndrome
Multiple organ systems failure

nym used most commonly to describe organ dysfunc-
tion during critical illness. However, several other
terms have been used, and may remain in use (Ta-
ble 45.1).

45.2
Epidemiology

The MODS is widely believed to be the leading cause of
death among ICU patients [21–24]. As many as 19% of
ICU patients will develop MODS [21–25], and MODS is
responsible for 50% [26, 27] to 80% [23] of ICU mortal-
ity. Patients who develop MODS suffer over a 20-fold
increase in mortality and a doubled length of stay
(LOS) compared to critically ill patients who do not de-
velop MODS [28]. A recent report noted MODS to be
the most common diagnosis in ICU patients who re-
quired a prolonged LOS (>21 days) [29], but even mod-
est degrees of organ dysfunction prolong hospitaliza-
tion.

Any biological stress that activates systemic inflam-
mation may precipitate SIRS, thus placing the patient at
risk for MODS. Known causes of MODS are listed in Ta-
ble 45.2. Our group found hypoperfusion/ischemia
without shock to be the most common etiologic insult
responsible for MODS, followed by sepsis without
shock, and shock regardless of etiology [28]. Moreover,
Sauaia et al. found that an injury severity score (ISS) of
& 25 points along with a transfusion requirement of
& 6 units of red blood cell concentrates was associated

with a 46% likelihood of developing MODS [30]. More
recently, Cryer et al. broadened these risk factors, re-
porting a 66% incidence of MODS in patients with an
ISS & 25, regardless of transfusion requirement [31].

For any given etiologic mechanism, both increased
age [24] and number of comorbidities [24, 32] increase
the likelihood of developing MODS. Furthermore, re-
cent work has shown that certain individuals may har-
bor a genetic predisposition to MODS in the form of an
exaggerated inflammatory response to illness [33, 34].

Table 45.2. Causes of the multiple organ dysfunction syndrome

Sepsis
Multiple trauma
Burns
Pancreatitis
Pulmonary aspiration of gastric contents
Massive hemorrhage
Massive transfusion
Ischemia-reperfusion
Ischemic necrosis
Microvascular thrombosis
Interleukin-2 therapy
Salicylate intoxication
Multiple sequential physiologic insults

478 45 Multiple Organ Dysfunction Syndrome



45.3
Pathophysiology

Three unique mechanisms for the precipitation of
MODS have been proposed [35]. According to the one-
hit model, organ failure develops as the direct result of
a massive initial insult (e.g., burn or multi-trauma),
which is of itself sufficient to cause MODS. By contrast,
the two-hit model describes sequential insults, usually
isolated temporally. According to the two-hit model, a
priming insult (e.g., burn) is followed by a subsequent
insult (e.g., catheter-related blood stream infection)
that, in the setting of inflammation, induces further im-
mune dysfunction and eventual organ failure. Finally,
according to the “sustained-hit” model, a continuous,
smoldering insult, such as multi-drug resistant, venti-
lator-associated pneumonia, both causes and sustains
organ failure. In reality, any combination of these three
mechanisms may result in MODS.

Organ failure may or may not follow a particular
temporal sequence. Cardiovascular instability is often
the first manifestation of dysfunctional homeostasis,
resulting in ischemia-reperfusion (I-R) injury after re-
suscitation. The splanchnic and renal circulations are
particularly susceptible to I-R injury. Pulmonary fail-
ure is equally common and is usually an early manifes-
tation, whereas hepatic, hematologic, gastrointestinal
and renal failure are usually later manifestations that
may or may not become apparent [4, 7, 36]. In particu-
lar, hepatic dysfunction may not be recognized
promptly because the liver has redundant metabolic ca-
pacity and substantial dysfunction may precede eleva-
tion of the serum bilirubin concentration. Further-
more, certain combinations of organ failure have been
shown to be especially deleterious (e.g., hepatic and
pulmonary, or renal and pulmonary) [5].

Table 45.3. Major classes of
inflammatory cytokines,
representative members,
their receptors, and their
main action(s). (Adapted
from [102])

Cytokine Producer cell Main actions

Hematopoietins
IL-1 Macrophages, epithelial cells Fever, T-cell activation, macrophage activation
IL-2 T cells T-cell proliferation
IL-6 T cells, macrophages T- and B-cell growth and differentiation, acute

phase protein production
IL-7 Bone marrow stroma Growth of immature T cells and B cells

Chemokines
IL-8 Macrophages, others Chemotactic for neutrophils, T cells
MCP-1 Macrophages, others Chemotactic for monocytes

Modulators of immune response
TNF- [ Macrophage, NK cells Local inflammation, endothelial activation
TNF- q T cells, B cells Killing, endothelial activation
IL-12 B cells, macrophages NK-cell activation, T-cell differentiation
IFN- * T cells, natural killer cells Macrophage activation, increased MHC production

Anti-inflammatory
IL-10 T cells, macrophages Inhibition of macrophage function
IL-13 T cells Inhibition of macrophage cytokine production
TGF- q Monocytes, T cells Inhibition of cell growth, anti-inflammatory

IL interleukin, MCP macro-
phage chemoattractant pro-
tein, TNF tumor necrosis
factor, NK natural killer, INF
interferon, MHC major his-
tocompatibility complex,
TGF transforming growth
factor

Organ damage following severe injury is believed to
occur secondary to uncontrolled activation of the in-
flammatory response caused by tissue hypoxia. Fol-
lowing tissue injury, the early stage of the inflammato-
ry response is characterized by macrophage activation
as well as secretion of inflammatory cytotoxins and cy-
tokines. Cytotoxins are released primarily by CD8+ T-
lymphocytes and act locally by causing damage to cell
walls and tight junctions [37]. By contrast, cytokines
mediate primarily the CD4+ T-cell response and may
be secreted by a variety of cell types in addition to
those of the immune system. Cytokines act both local-
ly (including on the cells that secrete them) and sys-
temically. Although cytokines may be classified broad-
ly into groups by function (Table 45.3), the cytokine-
mediated inflammatory response is redundant; each
cytokine has multiple activities on different cell types,
some of which are salutary. The balance of pro and an-
ti-inflammatory responses is not always self-regulato-
ry and balanced; predominance of either influence
may be deleterious. As such, the inflammatory re-
sponse has been challenging to manipulate for thera-
peutic effect.

Recruitment of polymorphonuclear (PMN) leuko-
cytes into tissue represents a second prominent feature
of MODS. Postmortem examinations of patients with
ARDS have demonstrated massive PMN leukocyte in-
filtration into lung parenchyma [38]. Furthermore, de-
pletion [39] or inhibition [40] of PMN leukocytes de-
creases the severity of lung injury in animal models of
ARDS. Infiltration of PMN leukocytes is accompanied
by upregulation of both hepatic inflammatory proteins
(e.g., C-reactive protein) and the complement system
[41], increased capillary permeability, and the forma-
tion of reactive oxygen and nitrogen species. The clini-
cal manifestations of increased capillary permeability
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are peripheral edema, pulmonary edema (characteris-
tic of ARDS), and cerebral edema.

Apoptosis, or programmed cell death, is deranged in
MODS. Increased markers of apoptosis such as Fas [42]
and nuclear matrix proteins [43] have been found in
patients with MODS. Interestingly, whereas some cell
types such as splenic lymphocytes and hepatocytes
demonstrate accelerated apoptosis, other cell types,
such as circulating PMN leukocytes, exhibit inhibited
apoptosis. Still other tissues, such as the kidney and
lung, show only minimal changes in rates of cellular
death [44–46].

The uncontrolled inflammation characteristic of
MODS is accompanied by microvascular thrombosis
[47]. Indeed, the inflammatory and coagulation sys-
tems are intimately related, and often impossible to dis-
tinguish. Several pro-inflammatory cytokines [e.g., tu-
mor necrosis factor-alpha (TNF- [ )] may activate tissue
factor and initiate the coagulation cascade [46]. In turn,
the thrombin receptor is known to activate nuclear fac-
tor kappa beta (NF-κB), which causes increased tran-
scription of pro-inflammatory gene products [48]. Mi-
crovessel coagulation results in further hypoxia, thus
perpetuating the inflammatory response. Early coagu-
lopathy increases the risk of developing MODS [49].

Whereas the initial phase of MODS is characterized
by a disruption of homeostatic mechanisms to favor in-
flammation, a second, distinct later period is character-
ized by impaired inflammation and increased suscepti-
bility to infection. During this period, there is an in-
crease in serum concentrations of anti-inflammatory
cytokines such as interleukin (IL)-10, IL-13, and trans-
forming growth factor (TGF)- q , impaired antibody
synthesis, and anergy of T-lymphocytes [50–52]. This
response has been termed the compensatory anti-in-
flammatory response system (CARS), and the result re-
ferred to as immunoparalysis [52]. This acquired im-
munodeficiency state is believed to lead to the high in-
cidence of late nosocomial infections that is character-
istic of critical illness and the development of organ
dysfunction.

In summary, two distinct periods of altered immune
function characterize MODS. The first is dominated by
uncontrolled inflammation, increased endothelial per-
meability, microvessel coagulopathy, altered apoptosis,
and disruption of parenchymal cellular integrity. The
second involves a predominance of anti-inflammatory
cytokines, immunosuppression, and an increased risk
of infection. This general disruption of the normal reg-
ulation of the immune system during MODS has been
termed immunologic dissonance [53].

An alternative theory describes the pathogenesis of
MODS as a disruption of inter-organ or intercellular
communication [54]. Accordingly, each organ system is
viewed as a stochastic (random) biologic oscillator,
whose activity varies periodically with time. The dy-

namic behavior of any one organ necessarily reflects
the state of the organism as a whole. During normal ho-
meostasis, variability within each oscillator is pre-
served through mechanical, neural, hormonal, and im-
mune (e.g., cytokine and prostaglandin) inputs. As a
result of massive physiologic insult, inter-oscillator
communication becomes uncoupled, resulting in a reg-
ularization of normally variable organ outputs.

The majority of research in the area of biologic oscil-
lators has been conducted using loss of normal heart
rate variability as a marker of uncoupling. Recent in-
vestigations have reported increased cardiac regularity
after administration of endotoxin to healthy volunteers
[55], as well as in emergency department patients with
sepsis [56]. Furthermore, low heart rate variability cor-
relates with both ICU mortality [57, 58] and mortality
from MODS [59, 60]. As a result, measurement of heart
rate variability has emerged recently as a non-invasive,
accurate, and validated tool to predict outcomes during
critical illness [61].

The uncoupling of stochastic biologic oscillators of-
fers an intriguing alternative theory for the pathogene-
sis of MODS, and has been used to explain the failure of
anti-mediator trials aimed at attenuating the inflam-
matory response in these patients (discussed below)
[62]. However, substantial additional research, as well
as a fundamental shift in the current conceptualization
of MODS, will be required to provide tangible options
for the treatment of patients with MODS. One such ex-
ample suggested by Buchman involves a shift from tra-
ditional random or scheduled sampling of physiologic
parameters to continuous sampling strategies in order
to better capture loss of organ variability [59].

45.4
Organ System Manifestations

Although uncontrolled inflammation exerts distinct,
predictable effects on each organ system, organ dys-
function rarely occurs in isolation. Moreover, it is im-
portant to note that organ dysfunction in critical illness
is usually multifactorial. For example, renal dysfunc-
tion is often iatrogenic, resulting from the use of either
nephrotoxic medications or radiocontrast media. List-
ed below are the known consequences of systemic in-
flammation on individual organ systems.

Although cardiovascular failure manifested as shock
is often the cause of SIRS and ultimately MODS, inflam-
mation also results in impaired cardiac function. Tu-
mor necrosis factor and reactive oxygen and nitrogen
species inhibit cardiac contractility [63]. Inflammation
also causes increased endothelial permeability and va-
sodilation, decreasing blood volume and systemic vas-
cular resistance, respectively. Thus, each component of
blood pressure is affected (preload, contractility, and
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afterload), resulting in hypotension that may be refrac-
tory to aggressive volume replacement, thus necessitat-
ing the use of vasopressor therapy.

Lung inflammation results in impaired gas diffusion
that is manifested primarily as hypoxia rather than hy-
percarbia. The most severe pulmonary manifestation
of MODS is ARDS, characterized by a PaO2:FiO2 of less
than 200, and diffuse bilateral pulmonary infiltrates on
chest radiography in the presence of a pulmonary cap-
illary wedge pressure of less than 18 mmHg. The ARDS
is a relatively common complication of SIRS, and has
been described in detail elsewhere [64].

In addition to alterations in leukocyte production
and function, both thrombopoiesis and erythropoiesis
are inhibited during MODS. Thrombocytopenia is a
well-recognized sequela of both SIRS and sepsis and re-
sults not only from bone marrow suppression, but also
from increased consumption and sequestration within
the reticuloendothelial system. Furthermore, IL-1,
TNF- [ , and TGF- q inhibit erythropoietin synthesis
and action [65–68]. Recombinant TNF- [ induces ane-
mia and hypoferremia associated with decreased iron
release from the reticuloendothelial system and incor-
poration into red blood cells [69, 70]. Interleukin-1 and
TNF- [ also induce ferritin production as part of the
“acute-phase reaction,” sequestering iron that might
otherwise be available for erythropoiesis [71]. Both
generalized inflammation and microvascular throm-
bosis lead to the widespread consumption of clotting
factors, which, in its most severe form, may cause dis-
seminated intravascular coagulation.

Manifestations of gastrointestinal I-R injury range
from stress-related gastric mucosal hemorrhage
(“stress gastritis”) to acute acalculous cholecystitis.
Furthermore, ileus, malabsorption, and diarrhea are
common sequelae of mucosal inflammation. Disrup-
tion of intestinal mucosal integrity as a result of
splanchnic I-R injury or due to the actions of inflam-
matory cytokines may facilitate the translocation of in-
vading microorganisms and cause both bacteremia and
infection (i.e., “gut-motor” hypothesis, discussed pre-
viously) [15, 72]. Increased intestinal permeability has
been associated with the subsequent development of
both SIRS and MODS [73].

Hepatic dysfunction in patients with MODS is char-
acterized by cholestatic jaundice [74]. Leakage of bili-
rubin from the hepatic canalicula into the intracellular
and eventually intravascular space may be due to the
disruption of tight junctions by cytotoxic inflamma-
tion [37]. Hepatic synthetic function during inflamma-
tion is characterized by early upregulation of positive
acute-phase reactants (e.g., C-reactive protein and fer-
ritin), and downregulation of negative acute-phase re-
actants (e.g., albumin and transferrin). This initial pe-
riod is followed by generalized impairment, including
decreased synthesis of coagulation factors manifest as

an elevation of the prothrombin time that is not cor-
rected by the administration of vitamin K.

Hypoperfusion, microvascular thrombosis, and ce-
rebral edema combine to cause encephalopathy in
MODS. Furthermore, the recently described critical ill-
ness polyneuropathy syndrome, characterized by de-
bility, muscle weakness, and eventual atrophy, has been
associated with the development of MODS [75]. As
mentioned previously, alternations of autonomic tone
manifested as loss of normal heart rate variability, ba-
roreflex sensitivity, and chemoreflex sensitivity are
common in patients with MODS, and the degree of au-
tonomic dysfunction correlates with mortality. Critical
illness polyneuropathy may be a better indicator of
neurologic dysfunction than encephalopathy in that it
may be quantified by electromyography and is not af-
fected by sedatives.

Hypoxic/ischemic insults to the kidney are the most
common cause of acute renal failure, characterized by
oliguria, azotemia, fluid overload, and accumulation of
metabolites normally excreted via the urine. Other com-
mon causes of acute renal failure include rhabdomyolysis
and drug toxicity (e.g., iodinated contrast media, antibi-
otics). Electrolyte abnormalities are not a prominent fea-
ture of renal injury unless caused by rhabdomyolysis
(where potassium and phosphate accumulate rapidly),
likely because they are monitored and corrected readily
by the clinician. Although renal dysfunction usually be-
comes apparent (i.e., elevated serum creatinine concen-
tration) later in the course of MODS, sub-clinical hypoxic
damage likely occurs at the time of the initial insult. Even
mild degrees of renal impairment (well short of the need
for renal replacement therapy) translate into substantial
morbidity and mortality. Pro-inflammatory cytokines
such as TNF- [ may also activat the renin-angiotensin-al-
dosterone axis [28]. Finally, as mentioned previously, IL-
1, TNF- [ and TGF- q inhibit erythropoietin synthesis and
function, which essentially ceases below a glomerular fil-
tration rate <25 ml/min.

45.5
Diagnosis

Early attempts at diagnosis depicted organ failure as an
“all-or-nothing response.” Organ failure was recorded
as a dichotomous, categorical variable for each organ.
Moreover, failure of each organ was given the same
weight, regardless of severity. Organ failure was consid-
ered present if an iatrogenic intervention to support or-
gan function was necessary (e.g., hemodialysis in the
setting of acute renal failure). Prognosis was related
solely to the number of failed organs, rather than the
severity and the timing of failure. The former observa-
tion remains true, but more subtle gradations of organ
dysfunction are now recognized.
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Table 45.4. The Multiple Or-
gan Dysfunction Score. To
convert the serum creatinine
concentration from µmol/l
to mg/dl, divide by 88.4. To
convert the serum bilibrubin
concentration from µmol/l
to mg/dl, divide by 17.1.
(Reproduced from [78])

Organ system Score
0 1 2 3 4

Respiratory (PaO2/FiO2)a >300 226–300 151–225 76–150 e 75
Renal (serum creatinine)b

e 100 101–200 201–350 351–500 >500
Hepatic (serum bilirubin)c

e 20 21–60 61–120 121–240 >240
Cardiovascular (PAR)d

e 10 10.1–15.0 15.1–20.0 20.1–30.0 >30.0
Hematologic (platelet count)d >120 81–120 51–80 21–50 e 20
Neurologic (GCS) 15 13–14 10–12 7–9 e 6

a PaO2:FiO2 is calculated without reference to the use or mode of mechanical ventilation, and
without reference to the use or level of positive end-expiratory pressure

b The serum creatinine concentration is measured in µmol/l, without reference to the use of
dialysis

c The serum bilirubin concentration is measured in µmol/l
d The platelet count is measured in platelets/ml × 10–3

PAR pressure adjusted heart rate, GCS Glasgow Coma Scale Score

The current conceptualization of MODS is more ma-
ture: MODS is not an “all-or-nothing” phenomenon,
not every organ “fails” even when dysfunction devel-
ops, and not every organ becomes dysfunctional to the
same extent [76]. Rather, organ dysfunction is recog-
nized to occur in a continuum of altered physiology. In
response to this conceptualization, several scoring sys-
tems have been developed to quantify the extent of or-
gan dysfunction associated with MODS.

Organ systems typically considered in the scoring of
MODS are: (1) respiratory, (2) cardiovascular, (3) renal,
(4) hepatic, (5) hematologic, and (6) central nervous
system (CNS). Notably absent from this list are both the
gastrointestinal and endocrine systems, which current-
ly suffer from a lack of objective measurements of or-
gan failure. Four scoring systems are currently em-
ployed with frequency [77–80]. Central to each is a
gradation of organ dysfunction based on mostly objec-
tive measurements of altered physiologic function.

One such scoring system, the multiple organ dys-
function (MOD) score, is shown in Table 45.4 [77]. The
MOD score was developed from a Medline review of
clinical studies involving patients with MODS between
1969 and 1993. Five organ systems were evaluated using
available physiologic markers: (1) respiratory (PaO2:
FiO2), (2) renal (serum creatinine concentration), (3)
hepatic (serum bilirubin concentration), (4) hemato-
logic (platelet count), and (5) CNS (Glasgow Coma
Scale score – the most subjective of the measurements).
Cardiovascular dysfunction is quantified by the pres-
sure-adjusted heart rate, which is defined as the prod-
uct of the heart rate and the ratio of central venous
pressure to mean arterial pressure. Each organ system
is graded on a scale from 0 to 4 points for a maximum
total score of 24. A MOD score of 0 for any organ system
corresponds to a mortality of less than 5%, whereas a
score of 4 correlates with a mortality of greater than
50%. The aggregate MOD score for survivors is calcu-
lated using the worst value for each organ system for
each day, or can be scored on a cumulative basis for the
episode of care.

Other scoring systems follow similar patterns and in-
clude the Brussels score [78], the sepsis-related organ
failure assessment (SOFA) [79], and the logistic organ
dysfunction system (LODS) [80]. These scoring sys-
tems have been validated similarly using cohorts of
critically ill patients.

Data obtained using scoring systems may be used in
a variety of ways for prognostication. Initial, aggregate,
and mean scores have all been correlated with mortality.
For example, the total MOD score correlates in a linear
fashion with ICU mortality both when calculated on ICU
day 1 and when the maximum score is compared to the
score on day 1 [77]. Similarly, calculations of the initial,
highest, and mean SOFA score all correlate with ICU
mortality [81]. Due to variability of daily scores, the cu-
mulative or aggregate scores are generally believed to
possess the greatest prognostic ability. For example, dai-
ly MOD scores have been shown to decrease from peak
values in patients who eventually die of MODS [31].

Because patients may demonstrate altered physi-
ology in the immediate postoperative period related
to anesthesia and recovery or transient, stereotypical
surgical “stress,” some authors have criticized both
SIRS and MODS scoring systems as being oversensi-
tive during this time period. Furthermore, some
scoring systems have traditionally omitted data ob-
tained during the first 48 h. However, more recent ev-
idence suggests that both SIRS and MODS scores cal-
culated as early as 48 h [20], and even 24 h after inju-
ry [24, 31], can predict mortality from MODS. These
results have called into question the traditional path-
ophysiologic framework that depicts MODS as an oc-
currence relatively late in the ICU course (i.e., the
two-hit model), and suggest that substantial organ
dysfunction actually occurs much earlier. For these
reasons, early and aggressive resuscitation to avoid
or minimize the consequences of I-R injury are of
paramount importance [82]. Indeed, markers of or-
gan dysfunction observed as early as post-injury
day 1 are perhaps better viewed as outcome measures
rather than risk factors.
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Although scoring systems are useful prognostic
tools, they are limited by both a lack of standardization
and omission of certain organ systems due to a lack of
objective criteria of dysfunction. Furthermore, certain
markers used in scoring systems (e.g., serum bilirubin
concentration) may serve as poor proxies for organ
function [28]. However, the development and refine-
ment of current scoring systems highlights a funda-
mental improvement in the understanding of the path-
ophysiology of MODS.

45.6
Management

Management of MODS may be classified broadly as ei-
ther prophylaxis or treatment, which in turn is either
supportive care or attenuation of the pro-inflammatory
response. Supportive care involves early recognition,
resuscitation, and artificial maintenance of organ func-
tion. Evidence-based strategies include ventilation
with lower tidal volumes for ARDS [6], aggressive renal
replacement therapy for acute renal failure [83, 84], and
stringent glycemic control (serum glucose concentra-
tion of 80–110 mg/dl) through the use of intensive in-
sulin therapy [85]. In a population of critically ill surgi-
cal patients, this last intervention resulted in a striking
reduction in infection, acute renal failure, critical ill-
ness polyneuropathy, blood transfusions, organ failure,
and mortality.

Of note, although tissue hypoxia plays an important
role in the initial pathophysiology of MODS, resuscita-
tion to supranormal levels of tissue oxygenation to pre-
vent or attenuate MODS using high FiO2, inotropes
(e.g., dobutamine), or blood transfusion has not im-
proved outcomes, and may in fact worsen the severity
of organ dysfunction during MODS [86–89]. Exacer-
bation of tissue damage following the introduction of
supranormal concentrations of oxygen may be ex-
plained by increased substrate for the generation of cy-
totoxic oxygen free radicals.

Efforts to manipulate the dysregulated immune re-
sponse characteristic of MODS have constituted a sub-
stantial portion of experimental research in the field of
critical care over the last 2 decades. Early attempts
sought to achieve generalized immunosuppression.
However, treatment with non-specific inhibitors of in-
flammation such as non-steroidal anti-inflammatory
drugs [90], corticosteroids [91], or dietary fish oil [92,
93] did not improve outcomes. Indeed, non-steroidal
anti-inflammatory agents may worsen organ dysfunc-
tion, particularly renal function and gastric mucosal
integrity.

As an understanding grew of the role of individual
cytokines in the inflammatory response, attention
turned towards targeted, mediator-directed therapy for

MODS. Nearly 100 such clinical trials have been con-
ducted to date. These interventions fall broadly into
two categories: (1) monoclonal antibodies (e.g., anti-
TNF- [ , anti-endotoxin) or (2) receptor antagonists
[e.g., IL-1 (IL-1ra)]. However, targeted interventions
aimed at cytokine neutralization have been largely dis-
appointing [94]. A recent, combined analysis of clinical
trials of mediator-directed therapy in patients with
SIRS reported only a modest (3%) overall reduction in
28-day mortality [91], and no mediator-directed treat-
ment has been licensed specifically for use in patients
with established MODS in the U.S.

The failure of mediator-directed therapy is likely
multifactorial. Measurement of elevated serum con-
centrations of inflammatory cytokines during MODS
does not confirm causality. Expression of mediators
may vary over time, and is regulated by a variety of
complementary mediators, each of which has several
targets. Furthermore, measurement of serum concen-
trations may not reflect tissue activity. Finally, regional
variations in ICU practice may explain partially the
discrepancy between efficacy and effectiveness ob-
served when comparing clinical trials.

Recently, drotrecogin alfa (activated) [recombinant
activated protein C (APC)], an endogenous coagulation
factor with anti-inflammatory, anticoagulant, and fi-
brinolytic properties, gained approval worldwide for
the treatment of severe sepsis associated with a high
risk of death [95]. The development of APC for this pur-
pose galvanized appreciation of the interrelationship
between the inflammatory and coagulation systems in
the pathophysiology of both SIRS and MODS. Although
the primary outcome variable reported following ther-
apy with APC was a reduction in 28-day mortality
[19.4% relative risk reduction in death compared with
placebo (p=0.005)] [95], a subsequent analysis also re-
vealed a significant improvement in mean SOFA scores
at 28 days in patients treated with drotrecogin alfa (ac-
tivated) vs. placebo [96].

The success of APC represents a major advance in
the treatment of severe sepsis, SIRS, and MODS. Fur-
thermore, despite initially discouraging results with
mediator-directed therapy, novel diagnostics have
since emerged in recognition of the importance of tem-
poral variation in expression of inflammatory cyto-
kines. Bedside tests to measure IL-6, TNF- [ , and IL-1
concentrations have refined the window for interven-
tion in patients with MODS. For example, Panacek et al.
recently used the rapid IL-6 test to identify patients
during periods of high TNF- [ expression [97]. Treat-
ment with monoclonal antibody to TNF- [ in this pa-
tient population resulted in a significant reduction in
both 28-day mortality and severity of organ failure in
patients with severe sepsis. Finally, the characterization
of novel cytokines, such as IL-18, may provide addi-
tional targets for mediator-directed therapy [98].
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Additional therapies for the management of sepsis,
distinct from mediator-based efforts, continue to
emerge. Corticosteroids, once believed to worsen out-
comes during sepsis, appear to decrease mortality
when administered in lower doses to patients with rela-
tive adrenal insufficiency [99]. Furthermore, experi-
mental trials investigating GR270773, a novel phospho-
lipid emulsion that binds and neutralizes circulating
endotoxin, have produced encouraging results [100,
101], and phase III clinical trials are currently in pro-
gress.

In summary, supportive care remains the mainstay
of therapy for MODS. However, reduced severity of or-
gan failure following treatment with APC, as well as en-
couraging results combining rapid cytokine tests, me-
diator-directed therapy, and novel strategies to combat
sepsis, ensure that effective pharmacologic treatment
of patients with MODS is both a realistic and imminent
prospect. Finally, alternative conceptualizations of the
pathogenesis of MODS, such as the theory of uncoupl-
ing of biologic oscillators (discussed above), provide
exciting areas for future research.

Both the heterogeneous patient population and lack
of standardized scoring systems limit the tracking of
progress in the management of MODS. Furthermore,
both temporal and spatial comparisons are hindered by
variations in severity of illness and thus the likelihood
of developing MODS. An earlier report of mortality fol-
lowing MODS reported no difference in either the inci-
dence of (14%) or mortality from (60%) MODS when
comparing patients admitted from 1979–1982 to those
admitted from 1988–1990 [24]. However, a significant
decrease in mortality was noted in those patients with
what was considered severe organ failure ( & three or-
gans failed on day 4 or later). A more recent study
(March 1997 – December 1997) found that mortality
from MODS, defined as a MOD score of & 2 for two or-
gan systems and the necessity of an active ICU inter-
vention, was 53% [29]. A still more recent (January
2005) prospective study reported a 17% incidence of
MODS and 45% mortality in over 7,000 patients from
79 ICUs [21]. Thus, mortality from MODS may be de-
creasing over time. However, future studies using both
standardized, incremental scoring systems and similar
subject populations to compare outcomes in patients
with organ failure are warranted.

45.7
Conclusion

The multiple organ dysfunction syndrome arose as the
unwanted byproduct of advancements in the field of in-
tensive care medicine. The common result of survival
following severe physiologic insult, MODS continues to
be the leading cause of mortality and resource expendi-

ture in the ICU. Current conceptualization of the etiolo-
gy of MODS has evolved from uncontrolled systemic
infection to uncontrolled systemic inflammation. The
MODS is best conceptualized as occurring on a contin-
uum; rather than dichotomizing organ failure into
“MODS-present” or “MODS-absent,” use of scoring
systems that include standardized, incremental values
for each organ system is preferred. Tissue hypoxia, de-
ranged cellular apoptosis, impaired cellular integrity,
microvascular thrombosis, increased vascular perme-
ability, and disrupted cell-cell communication are all
prominent pathophysiologic features of MODS. These
features exert predictable effects on each organ system.
Although current treatment of MODS remains primar-
ily supportive, exciting developments based on an ap-
preciation of the interrelationships between the inflam-
matory and coagulation systems, as well as the tempo-
ral importance of products of the inflammatory cas-
cade, provide hope for eventual victory in the battle
against this frequent, elusive, costly, and deadly syn-
drome.
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46.1
Introduction

The management of critically ill obstetric patients pre-
sents a challenge for the critical care physician because
they have significant physiological differences com-
pared to the average patient admitted to the intensive
care unit (ICU) [1, 2]. The fact that two lives are endan-
gered simultaneously makes this challenge even great-
er. Besides, obstetric infections are more commonly re-
lated to emotional, moral, legal, social and sanitary fac-
tors compared to other severe infections and are signif-
icantly dependent on the economic and technical de-
velopment, community patterns and traditions of each
country.

In this chapter we will not discuss all the infections
that may occur in pregnancy and the postpartum peri-
od, but only obstetric sepsis and septic shock. Obstetric
sepsis (OS) refers to the severe infectious conditions
that place a mother’s life at risk. The OS may be caused
by: (a) endometritis/myometritis/panmetritis and my-
ometrial abscess following the evacuation of pregnancy
at term, spontaneously through the vagina or by caesar-
ean section, complicated or not by peritonitis; (b) in-
fections secondary to the evacuation of an early preg-
nancy: provoked abortion or, less often, miscarriage;
(c) infections of the amniotic fluid during pregnancy
(chorioamnionitis, e.g. following amniocentesis or re-
lated to the cervical cerclage’s complications); (d) sep-
tic pelvic thrombophlebitis; (e) episiotomy infections;
or (f) necrotizing fasciitis.

It should be highlighted that the critically ill patient
is at high risk from sources of infection not commonly
encountered by the obstetrician-gynaecologist. A care-
ful physical examination and selected imaging studies
are important in excluding uncommon sources. In ad-
dition, non-infectious illnesses can mimic septic shock.

The principles of management of obstetric sepsis
and septic shock do not differ from those of septic
shock from other causes, with the addition of the possi-
ble need of evacuation of the uterus. The prompt initia-
tion of appropriate antibiotics, eradication of the focus
of infection and supportive care are the mainstay of
management.

46.2
Epidemiology

Maternal mortality (MM) due to delivery varies greatly
between countries, especially between developed and
developing countries. The trend of OS mortality is de-
scending, but the rate varies depending on the level and
the rhythm of development in each country. In the USA
during the 1990s the MM was 9.8/100,000 live births,
having decreased 90% since the 1950s, while in Sweden
it was 6.6 per 100,000 live births [3, 4]. On the other
hand, overall postpartum infection has decreased from
15% in the 1950s to 1–8% of all deliveries, while the in-
cidence of bacteraemia is approximately 8–10% in ob-
stetric patients with clinical evidence of local infection
[4–6]. These patients rarely progress to more signifi-
cant complications, such as septic shock [7]. However,
when care is delayed or inadequate, infection can pro-
gress quickly to generalized sepsis, which can result in
infertility, chronic disability and even death. In devel-
oped countries maternal death rates associated with in-
fection range from 4% to 8%, or approximately 0.6 ma-
ternal deaths per 100,000 live births [8–10]. Despite the
fact that pregnancy is traditionally considered an immu-
nocompromised state, the dramatic increase in pelvic
vascularity during pregnancy promotes maternal surviv-
al after infection by improving the perfusion of the in-
fected organs. Additional reasons for the more favour-
able outcomes in the parturient include: younger age
group, transient nature of bacteraemia, type of organism
involved, and primary site of infection (the pelvis is more
amenable to both surgical and medical intervention).

46.3
Physical Examination, Laboratory
and Imaging Studies

Clinical symptoms and signs of OS vary depending on
the source of infection and may include the following:
fever and chills, lower abdominal tenderness on one or
both sides of the abdomen, guarding or rebound (in the
presence of pelvic or generalized peritonitis), adnexal
and/or parametrial tenderness elicited with bimanual
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examination, enlarged uterus, foul-smelling lochia or
pus in the cervical os, vaginal or cervical lacerations
(induced abortion), erythema, oedema, tenderness,
and discharge from the surgical incision or episiotomy
site, in cases of post-surgical wound infections. Pa-
tients with septic thrombophlebitis, although rare, may
have palpable pelvic veins and tachycardia that is out of
proportion to the fever. Respiratory symptoms, such as
cough, pleuritic chest pain, or dyspnoea, may be pre-
sent in cases of septic ARDS or septic pulmonary em-
bolus. Maternal and fetal tachycardia, hypotension,
cold and pale skin, and sweating are present in severe
sepsis and septic shock.

Diagnostic work-up for finding the focus of infec-
tions includes blood, urine, cervical, and wound (if ap-
propriate) specimens for culture. A Gram’s stain of po-
tentially infected material could guide the initial treat-
ment. Tissue obtained during an endometrial biopsy or
uterine aspiration or surgery provides a better speci-
men for culture than does cervical discharge. Abnor-
mal findings on pelvic ultrasound may overlap with
those of retained products from conception (RPOC)
and intrauterine haematoma. Pather et al. [11] reported
that the sensitivity and specificity of ultrasound in de-
tecting retained product of conception were 94% and
16%, respectively; the presence of an echogenic focus
together with a thickened endometrium of more than
10 mm was the most accurate ultrasound feature of
RPOC (positive predictive value 80%) [11]. Contrast
computed tomography (CT) examination of the abdo-
men and pelvis may be helpful in detecting a pelvic ab-
scess or an infected haematoma.

46.4
Obstetric Infections
46.4.1
Peripartum Endometritis/Myometritis/Panmetritis
Myometrial Abscess

Endometritis is infection of the endometrium or decid-
ua (retained products of conception), with extension
into the myometrium and parametrial tissues that usu-
ally results from an ascending infection from the lower
genital tract. Postpartum endometritis is mostly poly-
microbial (70% of cases) [1], primarily caused by the
vaginal bacterial flora (anaerobic bacteria, Gram-nega-
tive facultative bacteria, and streptococci), but can also
result from sexually transmitted organisms (e.g. Chla-
mydia trachomatis and Neisseria gonorrhoeae) [12, 13].
In the developed countries, most postpartum infec-
tions are related to caesarean section, while in the de-
veloping countries, postpartum endometritis more of-
ten follows vaginal delivery. Incidence varies depend-
ing on the route of delivery and the patient population.
Major risk factors of peripartum endometritis include

caesarean delivery, especially preterm, previous caesar-
ean sections, prolonged rupture of membranes, long la-
bour with multiple vaginal examinations, extremes of
patient age, and low socioeconomic status [9, 14].

Early postpartum endometritis is defined as occur-
ring within the first 48 h, and late endometritis as oc-
curring between 3 days and 6 weeks following delivery.
In acute endometritis neutrophils are present within
the endometrial glands, while in chronic endometritis
plasma cells and lymphocytes are present within the
endometrial stroma. Chronic endometritis in the ob-
stetric population is usually associated with retained
products of conception after delivery or elective abor-
tion.

The diagnosis of endometritis is usually based upon
clinical findings [1]: fever (usually occurring within
36 h of delivery), lower abdominal pain, foul-smelling
lochia, abnormal vaginal bleeding, abnormal vaginal
discharge, malaise, and tachycardia. Abdominal dis-
tention and absent bowel sounds may occur. A temper-
ature greater than 38°C (104°F) in the absence of other
causes of fever is the most common sign. Regarding the
laboratory data, leucocytosis may be present, but it is
difficult to interpret. Due to physiologic changes asso-
ciated with pregnancy, the leucocyte count and seg-
mented neutrophil percentage do not predict infection.
Therefore clinical findings are most important in diag-
nosing postpartum infections [15]. Blood culture may
be positive in 10–30% of cases. Endocervical cultures
(or DNA probe) should be obtained for gonorrhoea
and Chlamydia infections. Ultrasound may help the di-
agnostic approach [11]. CT and MRI of the abdomen
and pelvis may be helpful for excluding broad ligament
masses, septic pelvic thrombophlebitis, ovarian vein
thrombosis, and phlegmon.

Immediately after making the diagnosis of endome-
tritis and excluding other sources of infection, empiri-
cal broad-spectrum antibiotic treatment should be ini-
tiated. Improvement is anticipated within 48–72 h in
nearly 90% of women treated with an appropriate regi-
men. Surgical management is not usually necessary in
acute endometritis in the obstetric population. Dilata-
tion and curettage may be advised for retained prod-
ucts of conception, however. A classic regimen for se-
vere pelvic sepsis is penicillin (5 million units/6 h/i.v.)
or ampicillin (2–3 g/6 h/i.v.) combined with clindamy-
cin (900 mg/8 h/i.v.) and an aminoglycoside, either
gentamicin or tobramycin (a loading dose of 2 mg/kg,
followed by 1.5 mg/kg/8 h, depending on the blood lev-
el and renal status) [19]. A meta-analysis demonstrated
a trend towards a decrease in the incidence of postpar-
tum endometritis in women who received treatment
with ampicillin, gentamicin and clindamycin com-
pared to those who received ampicillin and gentamicin
alone, but this did not reach statistical significance
[16]. Intravenous antibiotic therapy should be contin-
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ued until the patient is afebrile for 24–48 h, the white
blood cell count returns to normal, and the patient is
tolerating oral liquids and solids, and ambulating with-
out difficulty, without the need for additional days of
oral antibiotic therapy [17, 18]. Patients failing to re-
spond to the initial antibiotic treatment should be thor-
oughly evaluated for the possible emergence of a resis-
tant bacterium or the development of an abscess or sep-
tic pelvic thrombophlebitis.

Patients with microabscesses in the myometrium
typically do not respond to medical therapy. On exami-
nation the uterus is large, tender, and boggy with a di-
lated cervix. Radiographic imaging may demonstrate
gas or fluid in the myometrium (gas in the uterine cavi-
ty is normal after a caesarean delivery).

46.4.2
Septic Abortion

Septic abortion is defined as sepsis in association with
recent pregnancy termination, spontaneous or in-
duced. Morbidity and mortality from septic abortion
are infrequent in the developed countries but very
common in the developing countries, remaining a pri-
mary cause of maternal death. Overall mortality from
legal abortion in Europe is less than 1 death per 100,000
procedures [19]. The World Health Organization
(WHO) estimates that 25–50% of the 500,000 maternal
deaths occurring every year are the result of illegal
abortion, the vast majority occur in the developing
countries, and are primarily due to sepsis [19]. In the
USA the rate of hospitalization for septic abortion (0.21
per 1,000 abortions) is remarkably low. The risk of
death from postabortion sepsis is highest for young un-
married women, and those who undergo procedures
who do not directly evacuate the contents of the uterus
[19, 20]. With more advanced gestation, there is a high-
er risk of uterine perforation and retained products of
conception [19].

The diagnosis of septic abortion must be considered
for any woman of reproductive age with vaginal bleed-
ing or serosanguineous to purulent discharge, lower
abdominal pain or pelvic pain, and fever. Some women
have a milder illness with low-grade fever, mild lower
abdominal pain, and moderate vaginal bleeding, and
they usually have either incomplete or failed abortion
(continuing pregnancy) or haematometra (retained
clotted and liquid blood) [21]. A common feature in re-
ported cases of death from septic abortion is delayed
treatment; a delay in treatment allows the infection to
progress to bacteraemia, pelvic abscess, septic pelvic
thrombophlebitis, disseminated intravascular coagulo-
pathy, septic shock, renal failure, and death [19]. Illegal
abortion performed by insertion of rigid foreign ob-
jects increases the risk of perforation, and intrauterine
instillation of soap solutions containing cresol and

phenol poses the risk of uterine necrosis, renal failure,
toxicity to the central nervous system, cardiac depres-
sion, and respiratory arrest [19]. In case of perforation,
radiographic studies of the abdomen may help identify
free air or foreign bodies. Disseminated sepsis is sug-
gested by high fever and prostration, tachycardia, ta-
chypnoea, respiratory difficulty, and low blood pres-
sure [18].

Septic abortion is usually polymicrobial, derived
from the normal flora of the vagina and endocervix,
with the important addition of sexually transmitted
pathogens. Gram-positive and gram-negative aerobes
and facultative or obligate anaerobes, Neisseria gonorr-
hoeae and Chlamydia trachomatis are all possible path-
ogens, while in the USA Clostridium perfringens is
mostly associated with illegal abortion [19]. It is note-
worthy that in developing countries, tetanus remains a
cause of mortality from septic abortion [19].

Patients with septic abortion should be hospitalized.
Any tissue remaining from the pregnancy must be
evacuated without delay as soon as broad-spectrum
empirical antibiotic therapy and fluid resuscitation
have been started. Delay in the evacuation of the uterus
because of the poor patient’s condition is a common
mistake in the management of septic abortion with fa-
tal consequences [19]. The evacuation of the uterus can
be done successfully with curettage guided by ultraso-
nography or with medical means [19]. The 15-methyl
analogue of prostaglandin F2a, or high doses of oxyto-
cin, can also be used, while prostaglandin E2 or dino-
prostone is contraindicated in patients with sepsis be-
cause of the elevation of body temperature that they
produce [19]. If there is no response to uterine evacua-
tion and to adequate medical therapy (see antibiotic
treatment of endometritis), in the presence of clostridi-
al myometritis, in the presence of pelvic abscess, and in
the cases of uterine perforation with suspected bowel
perforation, a laparotomy should be performed. Indi-
cations for total hysterectomy with removal of both ad-
nexa include a discoloured, woody appearance of the
uterus and adnexa, suspicion of clostridial sepsis, crep-
itation of the pelvic tissue, and radiographic evidence
of air within the uterine wall [19].

Mifepristone is a progesterone antagonist that is in-
creasingly used as an abortifacient. The original FDA
approval of mifepristone included a “black-box’’ warn-
ing that the use of this drug could result in incomplete
abortion requiring surgical intervention and potential-
ly fatal complications (ruptured ectopic pregnancy and
septic shock) [22]. Recent reports have highlighted the
occurrence of infrequent but serious complications.
Deaths due to endometritis and toxic shock syndrome
associated with Clostridium sordellii, a rarely encoun-
tered microorganism in clinical specimens (1% of Clos-
tridium species), that occurred within 1 week after mi-
fepristone-induced abortions, have been described.
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Two toxins of C. sordellii toxins, a lethal one and a hae-
morrhagic one (that antigenically and pathophysiolog-
ically appear similar to Clostridium difficile toxins B
and A, respectively), are responsible for this potential
[23]. The physician should be aware of the unusual and
rather distinctive signs and symptoms: an absence of
fever, but presence of tachycardia, refractory hypoten-
sion, haemoconcentration, oedema, effusions in multi-
ple serum cavities, and dramatic leucocytosis. In all the
reported cases the patients were young and healthy,
they had apparently successful procedures (no evi-
dence on autopsy of retained products of conception),
their clinical presentations were somewhat cryptic be-
cause they had cramping, which is very common after
the procedure, and no fever, and they all died remark-
ably rapidly after presentation. These cases indicate the
need for physician awareness and the early recognition
of this syndrome and the need for further study of its
association with mifepristone-induced abortion. A
possible pathophysiologic explanation of C. sordellii in-
duced septic shock is that mifepristone, by blocking
both progesterone and glucocorticoid receptors, inter-
feres with the controlled release and functioning of cor-
tisol and cytokines [24]. Failure of physiologically con-
trolled cortisol and cytokine responses results in an
impaired innate immune system that causes the disin-
tegration of the body’s defence system necessary to pre-
vent the endometrial spread of C. sordellii infection.
The abnormal cortisol and cytokine responses due to
mifepristone coupled to the release of potent exotoxins
and an endotoxin from C. sordellii seem to be the major
contributors to the rapid development of lethal septic
shock [24].

46.4.3
Chorioamnionitis

Intra-amniotic infections can complicate up to 10% of
deliveries [25] and they are associated with maternal
morbidity and neonatal sepsis, pneumonia and death.
Studies from the United Kingdom, Australia, and the
United States reported a 6–14% incidence of villitis.
Villitis does not indicate placental infection but only
inflammation. Classical teaching holds that chorioam-
nionitis occurs in 1% of all deliveries. This probably is
a very conservative incidence. Lower socioeconomic
groups are expected to have a higher incidence of ma-
ternal chorioamnionitis. Malnourished pregnant wom-
en in the developing countries have a higher risk of as-
cending urogenital infection with subsequent amniotic
fluid infection, possibly because of a decrease in host
defence factors regularly present in the amniotic fluid
[26]. Maternal chorioamnionitis is more commonly
observed in prolonged labours and/or prolonged rup-
ture of the fetal membranes. The latter is considered the
highest risk factor related to the pathogenesis of mater-

nal chorioamnionitis. Sepsis complicates 0.5–1.3% of
the cases of chorioamnionitis [1].

Diagnosis of chorioamnionitis can be confirmed by
culture, amniotic fluid Gram stain, white cell count,
glucose and cytokine levels [1]. However, needle aspi-
ration of amniotic fluid is an invasive procedure that
can be risky with intact fetal membranes because rup-
ture of the fetal membranes can occur during or after
the procedure. Bleeding or placental abruption can also
be a consequence of the procedure. Fetal injury must be
avoided by performing the procedure using ultrasono-
graphic guidance.

Antibiotics reduce maternal and fetal mortality [1].
Regarding intrapartum administration of antibiotics,
the current consensus is in favour when the diagnosis
of intra-amniotic infection has been made; however,
the results of a recent meta-analysis neither support
nor deny it, although a trend has been reported towards
improved neonatal outcomes when antibiotics are ad-
ministered intrapartum [16]. No recommendations
can be made on the most appropriate antimicrobial
regimen to treat intra-amniotic infection [16] (see anti-
biotic treatment of endometritis).

46.4.4
Septic Pelvic Thrombophlebitis

Septic pelvic thrombophlebitis (SPT) is a rare condi-
tion associated with the postpartum period and is
thought to be preceded by a pelvic infection. It was first
reported by Collins et al. in 1951, when he reported data
from 70 cases [27]. The overall incidence of SPT has
been reported as 1:3,000 deliveries; 1:9,000 after vaginal
delivery and 1:800 after caesarean section [28]. Post-
partum endometritis may spread throughout the pelvic
venous system, including the inferior vena cava. The
embolic disease process is more common in the right
ovarian vein, whereas left ovarian vein thrombosis
with renal vein involvement is less common [29, 30].
Patients often present with pain and fever in the post-
partum period. There may be initial clinical improve-
ment with antibiotic therapy, but patients with SPT will
continue to “spike” fevers daily, usually in the evening,
despite the resolution of pain, with or without toxic ap-
pearance, except for persistent fever. Septic pulmonary
emboli may occur and cause chest pain. Diagnosis is
made clinically and can be confirmed by CT scanning
or MRI, which demonstrate the affected vessels, usually
hypogastric or ovarian [31]. Antibiotic therapy and an-
ticoagulation with heparin (e.g. 10,000 units intrave-
nously followed by 1,000 units/h) should result in defe-
verscence within 48 h; rarely surgical ligation and re-
moval of the infected veins is required with the inser-
tion of a vena cava filter [32]. As patients respond
quickly to heparin anticoagulant therapy, long-term
anticoagulation is seldom needed. Most clinicians con-
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tinue antibiotic therapy along with anticoagulation, al-
though research has failed to show a quicker resolution
of the febrile course. It is interesting that a randomized
control trial demonstrated that women given heparin
in addition to antimicrobial therapy for septic throm-
bophlebitis did not have better outcomes compared to
those who continued with antimicrobial therapy alone.
Furthermore, the findings of a retrospective study con-
ducted by Witlin et al. [33] did not support the time-ho-
noured rule that septic pelvic thrombophlebitis re-
sponds within 24–48 h to therapeutic anticoagulation
with heparin, and suggested that criteria other than
imaging studies or immediate defervescence following
heparin therapy should be implemented for diagnosis
of septic pelvic thrombophlebitis [33].

46.4.5
Episiotomy Infections

Episiotomy, the site of perineal surgical incision at the
time of parturition, can be infected [1]. Complicated
infection may lead to dehiscence and fistula formation
or even cellulitis, myonecrosis and septic shock. Un-
complicated infection may manifest with fever, swell-
ing, purulent discharge and local pain and tenderness.
The treatment consists of intravenous antibiotics,
drainage and debridement [1].

46.4.6
Necrotizing Fasciitis

Necrotizing fasciitis is a severe suppurative infection of
the superficial and deep fascia, mostly due to group A
beta-haemolytic streptococci and clostridia, and it is
often polymicrobial [1]. It should be suspected in cases
with high spiking fevers and prostration. The affected
area is usually tender to palpation but may otherwise
appear normal. Skin discolouration and crepitus occur
as later findings. Antibiotic therapy usually includes a
penicillin and clindamycin. However, the cornerstone
of treatment is the entire surgical excision of the ne-
crotic area until healthy bleeding tissue [1]. Hyperbaric
oxygenation in combination with effective surgical and
antibiotic therapy may improve the outcome [34].

46.5
Conclusion

Sepsis is an infrequent yet important cause of death in
the gravida. A high index of suspicion and early recog-
nition of sepsis may decrease maternal and fetal mor-
bidity and mortality. Prompt initiation of empirical
broad-spectrum antibiotic therapy and control of the
focus of infection is the mainstay of treatment. In the
case of severe sepsis or septic shock the patient should

be admitted to the ICU. In pregnant women priorities
of treatment should be directed first towards maternal
well-being, especially early in the course of resuscita-
tion, because fetal compromise results mainly from
maternal decompensation during sepsis. If the source
of infection is the fetus or residua, delivery and (re)eva-
cuation of uterus are indicated, respectively.
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47 Diagnosis and Management
of Intra-abdominal Sepsis
T.L. Husted, E.W. Mueller, T.M. Lasky, M.A. Jafri, J.S. Solomkin

47.1
Introduction

Intra-abdominal infections are commonly encountered
in the general medical/surgical intensive care unit
(ICU). Perhaps the largest group of these patients has
recently undergone or will shortly undergo some form
of interventional procedure. There have been impor-
tant advances in supportive care, diagnostic tools, anti-
infective therapy, and interventional techniques; re-
sulting in both improved care and new controversies in
the management of these critically ill patients. Most
notable is the role of routine non-invasive imaging for
suspected intra-abdominal infections, its use in moni-
toring success of therapy, and the role of percutaneous
or laparoscopic intervention to replace formal laparot-
omy. The continuing development of antibiotics has
provided a novel opportunity for tailoring therapy to
the requirements of the individual.

The primary effect of these innovations has been a
more accurate diagnosis and lessened morbidity –
measured as length of stay. It is likely that percutaneous
abscess drainage for various diseases has decreased
mortality. However, even with application of state of
the art care, intra-abdominal infections can result in
considerable morbidity and mortality.

Additional complexity surrounds the care of hospi-
talized patients for whom intra-abdominal infection
occurs following elective or emergent abdominal oper-

a b

Fig. 47.1. Scanning electron
microscopy of a bat diaphragm
demonstrating the peritoneal
surface with stomata and free
orifice, occupied by erythro-
cyte (a, ×1,250; b, ×2,500).
(Reprinted with permission
from: The lymphatic vessels
and the so-called “lymphatic
stomata” of the diaphragm:
A morphologic ultrastruc-
tural and three-dimensional
study. Giacomo Azzali, Mi-
crovascular Research 57:30,
1999)

ation. These patients are typically infected with a diffi-
cult to treat flora and represent the current frontier in
therapeutic research.

47.1.1
Pathophysiology of the Local and Systemic
Response to Intra-abdominal Infections

Patients with intra-abdominal infections are a subset of
sepsis syndrome patients.

Diffuse peritonitis may, however, present with a
more fulminant physiologic disturbance because the
anatomy of the peritoneum may allow a very rapid and
very large absorption of toxins (both foreign and host-
generated). Well-defined diaphragmatic stomata pro-
vide mechanical clearance of particulates and solutes
from the intraperitoneal space. Diaphragmatic lym-
phatic channels provide a means for entry of peritoneal
fluid (including any bacteria or proinflammatory me-
diators) via the thoracic duct into the venous circula-
tion (Fig. 47.1). Lymphatic capillaries are distributed in
the subperitoneal connective tissue of the diaphragm.
The average area of a stoma is approximately 10 µm2,
although peritonitis will increase the diameter of these
stomata. Inspiration decreases intrathoracic pressure
thereby creating a pressure gradient for fluid move-
ment across the diaphragm, out of the abdomen and in-
to the systemic circulation [1–4].
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An additional issue is encountered during creation
of the pneumoperitoneum required for laparoscopy;
increased intra-abdominal pressure during a laparo-
scopic procedure for established intra-abdominal in-
fection would be expected to increase such transdia-
phragmatic flow. However, the local intraperitoneal
immune system is impaired during carbon dioxide
pneumoperitoneum, evidenced by suppression of in-
traperitoneal cell-mediated immunity. This feature
may be clinically important and should be acknowl-
edged when considering laparoscopic surgery in pa-
tients with sepsis [5–8].

Other peritoneal defense mechanisms include resi-
dent peritoneal macrophages and large recruitable
pools of circulating neutrophils and monocytes, which
participate in bacterial killing and abscess formation.
Ingestion of microorganisms by these cells results in se-
cretion of a variety of proinflammatory mediators, in-
cluding chemokines, cytokines, lipid derivatives, reac-
tive oxygen species, and lysosomal enzymes. Manipu-
lation of the number and function of these resident and
recruited cells is now possible through the use of colo-
ny-stimulating factors but has not been found benefi-
cial in clinical trials. Similarly, manipulation of the ex-
pression of proinflammatory mediators from these in-
flammatory cells has been postulated to modulate the
sepsis response, but clinical trials have been disap-
pointing [9].

The release of proinflammatory products of perito-
neal origin into lymphatic and vascular channels may
also be responsible for significant hepatic dysfunction.
Liver dysfunction is common during the course of in-
tra-abdominal infection and occasionally progresses to
fatal hepatic failure [10]. Acute-phase proteins generat-
ed by the liver during sepsis contribute to the procoag-
ulant, antifibrinolytic state believed important in the
development of multiple organ dysfunction syndrome
and host survival [11]. Primary hepatic dysfunction re-
sults from hepatocellular injury, ostensibly due to poor
perfusion during shock. This clinical entity, labeled is-
chemic hepatitis, occurs in the period immediately af-
ter shock and resuscitation, and is manifested by trans-
aminase elevation, decreased lactate clearance, and of-
ten hypoglycemia.

Considerable evidence supports the notion that var-
ious macrophage products, including interleukins-1
and -6 and tumor necrosis factor-alpha, substantially
alter hepatocyte function [10]. Aside from conversion
of hepatic synthetic function to acute-phase reactants,
serum chemistries reveal evidence of ductal epithelial
cytotoxicity, including elevated alkaline phosphatase
levels and elevated bilirubin levels. The large number of
fixed tissue phagocytes in the liver (Kupffer cells) that
are capable of responding to endotoxin absorbed from
systemic or mesenteric blood vessels represents a po-
tentially important source of chemokines, cytokines,

and other hepatocyte regulatory substances, although
portal endotoxemia has not been detected in humans
[12].

Virulence determinants present on the organisms
participating in these mixed flora infections, encom-
passing aerobic, anaerobic, and facultative Gram-nega-
tive organisms, explain the physiologic response seen
in sepsis. Facultative and aerobic Gram-negative or-
ganisms express and release endotoxin and endotoxin-
associated proteins spontaneously, although shedding
is not likely intensified by administration of antibiotics.
Aside from the potential for inducing the release of cy-
tokines and other inflammatory mediators, these sub-
stances induce local thrombosis through a variety of
endothelial and macrophage-mediated processes.

Synergistic interactions between certain anaerobes,
most notably Bacteroides fragilis and endotoxin-bear-
ing Gram-negative organisms, suppress local host de-
fense mechanisms and facilitate the establishment of
infection. B. fragilis produces a capsular polysaccha-
ride that interferes with complement activation and in-
hibits leukocyte function. These phenomena are
thought to restrict the delivery of phagocytes to the site
of infection, permitting a more rapid rate of bacterial
growth than would otherwise be seen.

47.2
Clinical Aspects of Care for Patients
with Intra-abdominal Infections
47.2.1
Initial Therapeutic Goals

Acute perforations of the gastrointestinal tract with
subsequent peritonitis often present with sepsis or sep-
tic shock and may mandate initial treatment in an in-
tensive care environment. Physical findings and the pa-
tient’s history routinely provide sufficient diagnostic
support to obviate further diagnostic testing. Plain ra-
diographs of the abdomen may reveal free air, a uni-
form indicator of visceral perforation in the absence of
prior intervention. Other findings from plain radio-
graphs that support the diagnosis of intra-abdominal
infection include pneumatosis intestinalis, bowel ob-
struction, and a mass effect. Pneumatosis has rare be-
nign causes. More dramatic but less common findings
are air in the portal vein or extra-luminal gas collec-
tions indicative of an abscess; these radiographic signs
are sufficiently specific to justify immediate interven-
tion (Fig. 47.2). The only reason to obtain plain films
rather than a computed tomographic study is to lessen
the time the patient is away from the intensive care en-
vironment. Patients with diffuse peritonitis require
laparotomy to deal with the enteric perforation and to
perform peritoneal lavage. Radiographic studies are
then intended only to support the need for emergent
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Fig. 47.2. a Plain radiographs demonstrating free air on an up-
right film of the abdomen; and b: taken with the patient’s right
side down showing blebs of gas in the wall of the colon at the
splenic flexure (pneumatosis caused by vascular compromise).
The center of radius of the gas bubbles does not lie in the lu-
men of the bowel, indicating that the colon is most likely perfo-
rated

operation, not define the process or provide anatomic
information.

Perforations of the upper gastrointestinal tract
cause impressive physical findings of peritonitis but
rarely manifest evidence of septic shock. Conversely,
perforations of the colon result in such substantial bac-
terial contamination that it is often accompanied by a
hypotensive reaction. In either setting, progressive
clinical deterioration cannot be reversed until soiling
of the peritoneal cavity is terminated. Therefore, resus-
citation cannot be completely achieved until operative
intervention is performed. Patients with acute perfora-
tion of the gastrointestinal tract should be sufficiently
resuscitated to be able to undergo induction of anesthe-
sia and resuscitation should continue during the opera-
tion. The primary point is rapid volume loading to co-
unter the vasodilatory effects of anesthetics coupled
with the pre-existing vasodilation of peritoneal soilage.

More refined parameters of completed resuscitation,
such as optimization of cardiac output or oxygen deliv-
ery, should not be used until the patient has undergone
intervention.

47.2.2
Surgical Management of Diffuse Peritonitis

Procedures used for management of intra-abdominal
infections have at least five possible components: (a)
drainage of any fluid collections, (b) closure of perfora-
tions of the GI tract by resection or diversion, (c) de-
bridement of devitalized tissue, (d) drain placement,
and (e) surgical wound management. Each of these ele-
ments is the subject of some debate [13–15].

Under certain circumstances, the procedure per-
formed may not be optimal for control of infection.
This may occur because anatomic conditions do not al-
low the procedure of choice to be performed (e.g., ex-
tensive adhesions or tumor infiltration preventing mo-
bilization of the bowel for resection or ostomy crea-
tion), unrecognized disease elements (e.g., multiple ab-
scesses), misdiagnosis, or technical error such as inad-
vertent and unrecognized bowel perforation. Inade-
quate procedures may therefore be significant determi-
nants of outcome that may make clinical cure less likely
even with aggressive supportive and appropriate anti-
infective therapy. These patients are a critical subgroup
because they may in fact disproportionately benefit
from highly effective antibiotic and anti-sepsis therapy.

A complex mix of factors affect a decision to per-
form a specific procedure, including variables such as
the underlying condition of the patient, the acute phys-
iologic response to infection, the duration of infection
prior to diagnosis and treatment, the anatomic extent
of disease, patient anatomy, and the availability of both
post-operative intensive care support and radiographic
reassessment. The complexity of this decision-making
process makes the development of an algorithm quite
difficult.

Operative management of peritonitis involves im-
mediate evacuation of all purulent collections, with
particular attention to subphrenic, subhepatic, inter-
loop, and pelvic collections. It is well established that
the perforated bowel should be resected. This notion
has evolved from studies over several decades of mor-
tality following surgical treatment of perforated diver-
ticulitis. Resection with end-colostomy was shown to
decrease mortality significantly as compared to trans-
verse loop colostomy and drainage. Despite recent re-
ports of low rates of anastomotic dehiscence with pri-
mary anastomosis, surgeons have not universally ac-
cepted this concept because previously reported com-
plication rates from primary anastomosis are stagger-
ing. Controversies in the operative management of
peritonitis primarily surround wound closure tech-
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niques and scheduled re-laparotomy. Abdominal wall
edema typically develops in patients with diffuse peri-
tonitis secondary to colonic perforation or anastomotic
dehiscence as part of a generalized syndrome of in-
creased capillary permeability. This syndrome is wors-
ened by the accepted need to provide aggressive resto-
ration and in many cases supranormal expansion of in-
travascular volume. Primary closure of the abdominal
incision in such patients may be difficult or even un-
wise. Increased intra-abdominal pressure can result in
compression of mesenteric and renal veins, leading in
some instances to acute renal failure or bowel necrosis.
This clinical entity is commonly referred to as abdomi-
nal compartment syndrome. To avoid this early postop-
erative complication, insertion of fascial prostheses can
be performed. A variety of materials have been used,
including Marlex, Silastic, polytetrafluoroethylene, or
more recently an opened 3-L sterile intravenous bag.
Each approach has its own virtues and problems [16].

Impermeable materials can exacerbate peritonitis
and should be used only if planned re-laparotomy is to
be undertaken. However, multiple laparotomies for ab-
dominal sepsis have been correlated wih increased
mortality and poor outcomes, especially because of in-
creased incidence of fistula formation [17]. Reopera-
tion to control intra-abdominal pathology has also
been shown to cause substantial hypotension in the pe-
rioperative period due to increased cytokine release;
demonstrating an inverse correlation between serum
interleukin-6 levels and postoperative mean arterial
pressure.

The mesh materials, particularly in patients with
diffuse peritonitis, effectively create an open abdomi-
nal wound that allows continual abdominal drainage.
However, these patients require extensive wound care.
An alternative to definitive closure of the abdominal
wall incision includes temporary abdominal closure
using the clear Bogota bag. This clear 3-L saline intra-
venous solution bag is drained and opened to offer a
one-ply impermeable dressing. This bag is sutured at
the seam to the fascial edges to prevent contraction and
provide a non-adherent surface to prevent develop-
ment of adhesion. Additionally, with a clear bag on
each side of the fascia, the edges can be closed together
to provide a semi-sterile environment for the abdomi-
nal wound.

The advantages of such a temporary closure are two-
fold. One, the fascia edges remain fresh, avoiding the
injury encountered with re-laparotomy. Two, the bag
can be cinched periodically to preclude fascial retrac-
tion, which may lead to difficult hernia closure in the
future. This method has been used with success at our
institution, often allowing for beside washout of intra-
abdominal fluid collection and frequent re-assessment
of the peritoneal cavity, while preserving and extend-
ing the viability of the abdominal fascia.

These techniques are often used when the patient is
so hemodynamically unstable that bowel anastamoses
are not performed (if resections have been done). Be-
cause of concerns for absence of sufficient mesenteric
blood flow to allow for anastomotic healing, bowel
ends may be left stapled. Anastamoses are then per-
formed when shock has been reversed.

47.2.3
Diagnostic Imaging for Suspected Intra-abdominal
Infections Other than Peritonitis

In the absence of physical findings of diffuse peritoni-
tis, diagnostic imaging with either computed tomogra-
phy (CT) or ultrasound should be routinely performed
in seriously ill patients with intra-abdominal infection.
The urgency of investigation is dictated by the degree of
hemodynamic instability present. Most patients should
be evaluated within hours of clinical diagnosis. This
initial imaging study has become central to therapeutic
decision-making since interventional radiology has re-
placed operative treatment for many localized process-
es, including diverticular abscesses. Double contrast
CT is the single best modality for fully evaluating the
extent of disease in most situations. Ultrasound is also
quite versatile and has the added advantage of being
portable, thus allowing certain procedures to be per-
formed in the ICU. However, ultrasonography is limit-
ed by bowel gas, body habitus, and a lower sensitivity
for retroperitoneal processes or parenchymal infec-
tion. Usually the choice of modality is based on the ex-
perience and preference of the interventional radiolo-
gist.

47.3
Percutaneous Abscess Drainage

Percutaneous abscess drainage (PAD) and operative in-
tervention are best viewed as complementary rather
than competitive techniques. When feasible, non-oper-
ative (i.e., percutaneous) drainage of abscesses is pref-
erable to open surgical intervention due to the initial
patient condition decline that nearly universally ac-
companies operative manipulation of intra-abdominal
infection. The exact basis for this is unclear, but a sub-
stantial proportion of patients undergoing emergency
operation for intra-abdominal infection experience
acute hemodynamic compromise in the early post-op-
erative period. When used for appropriate indications
PAD is at least as effective as operation and is associat-
ed with less morbidity.

Inflammation may manifest as a phlegmon (viable
inflamed tissue), a liquefied abscess, infected necrotic
(nonviable) tissue, or a combination of all. Liquefied
abscesses are drainable, whereas phlegma and necrotic
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tissue are not. Decisions regarding which modality to
use are largely based on CT findings and require expe-
rience, clinical judgment, and careful consideration of
underlying and coexistent disease processes. Close co-
operation between the surgeon, interventional radiolo-
gist and other physicians involved in the patient’s care
is mandatory. Specific indications for PAD have ex-
panded significantly and now include many conditions
that were previously thought undrainable, such as mul-
tiple or multiloculated abscesses, abscesses with enteric
communication and infected hematomas [18, 19].

It is important to define the goals of the procedure in
evaluating indications and success. Potential outcomes
include cure, temporization, palliation and failure. A
cure is achieved when the abscess is resolved by the
drainage procedure. Temporization allows resolution
of an abscess and clinical improvement, with operative
intervention needed to treat the underlying cause or re-
sect necrotic tissue. The benefits of temporizing relate
to the improved physiologic condition of the patient
and the reduction in the extent of infection as initial
healing occurs. Palliation is achieved with improve-
ment in the patient’s condition due to abscess drainage,
despite the presence of a fatal underlying condition. We
consider temporizing and palliative results to represent
success.

The basic requirements for PAD include a safe route
of percutaneous access and the presence of a fluid col-
lection of drainable consistency. Bleeding dyscrasias
are a relative contraindication, similar for any interven-
tional procedure. Safe percutaneous access is attainable
in most cases. It is generally possible to distinguish
drainable fluid from phlegmon or necrotic tissue using
a combination of imaging and fine-needle aspiration.
Not all fluid collections require drainage, although it is
generally required for those that are infected and for
sterile collections that cause symptoms due to mass ef-
fect. This determination must be made on an individu-
al basis.

47.3.1
Technical Aspects

It is important that the drainage route not cross a sterile
fluid collection or other infected space because of the
risk of cross-contamination. Crossing the pleural space
for thoracic and upper abdominal drainage carries the
risk of empyema formation. It is acceptable to cross the
peritoneal space to drain an extraperitoneal abscess.
Placement of a catheter through the small bowel or co-
lon should always be avoided. Transgastric drainage of
lesser sac pseudocysts has been advocated by some au-
thors and appears to be safe, although this approach re-
mains controversial. Lesser sac collections also can be
approached transhepatically through the left lobe of
the liver, although traversing solid organs should be

avoided whenever possible. Obviously, it is important
to be aware of, and avoid, major vascular structures.

After catheter placement, the cavity should be evac-
uated as completely as possible and irrigated with sa-
line until the fluid is clear. Initial manipulation of the
catheter(s) and irrigation should be done as gently as
possible to minimize the induction of transient bacter-
emia and subsequent potential hemodynamic instabili-
ty. Immediate imaging determines the need for reposi-
tioning of the catheter, placing a larger-bore catheter or
placing additional drains. For cavities that are
completely evacuated at the initial drainage and for
which there are no abnormal communications to vis-
cera, simple gravity drainage generally suffices. For
larger or more viscous collections and those with ongo-
ing output due to fistulous connections, suction drain-
age with sump catheters is more effective. Thoracic
drains always should be placed to water-seal suction to
avoid the complication of simple or tension pneumo-
thorax.

Proper catheter management following the initial
placement is a critical determinant of success and re-
quires the interventional radiologist to become an ac-
tive member of the management team. Drains should
be checked regularly (at least daily) to monitor the vol-
ume and nature of the output, ensure adequate func-
tion and clinical response, and quickly recognize and
correct any catheter-related problems. Most authorities
recommend periodic irrigation of the drains, once or
several times per day, with sterile saline. This can be
performed by either physicians or trained nurses. In
general, irrigation with proteolytic agents or antibiot-
ics is of no value, although fibrinolytic agents may be
useful for evacuation of fibrinous or hemorrhagic col-
lections. No standard protocol has been established for
follow-up imaging. Repeat imaging studies and cathe-
ter injections are frequently used to document progress
and identify problems. It is occasionally necessary to
replace or reposition drains or add additional cathe-
ters. The need for follow-up imaging studies should be
determined on a case-by-case basis by monitoring clin-
ical progress and drainage output.

Catheters should be removed when criteria for ab-
scess resolution are met. Clinical criteria of success in-
clude resolution of symptoms and indicators of infec-
tion (fever and leukocytosis). Catheter-related criteria
include a decrease in daily drainage to less than 10 ml
and a change in the character of the drainage from pu-
rulent to serous. Radiographic criteria include docu-
mentation of abscess resolution and closure of any fis-
tulous communications. If catheters are maintained
until these criteria are satisfied, the likelihood of recur-
rence of the abscess is minimized. Although some au-
thorities recommend gradual catheter removal over
several days, we usually remove the drain in one step
and have had no significant problem with recurrence.
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For sterile fluid collections, the drain should be re-
moved as soon as possible, generally within 24–48 h, to
minimize the risk of superinfection.

47.3.2
Causes of Failure

In evaluating the causes of PAD failure, a number of
factors are consistently identified. Among these factors
is fluid that is too viscous for drainage or the presence
of phlegmon or necrotic debris. Technical modifica-
tions such as increasing the drain size and irrigation
can salvage some of these drainage procedures. Recog-
nition of phlegmon or necrotic tissue on follow-up im-
aging studies may lead to cessation of attempts at PAD
or a modification of the expected goal. Multi-loculated
collections and multiple abscesses are another cause of
failure that can be minimized by using an adequate
number of catheters along with mechanical disruption
of adhesions with a guidewire. Fistulous communica-
tions, either unrecognized or persistent, are yet anoth-
er potential cause of failure, as is drainage of a necrotic
tumor mistaken by imaging to represent an abscess.
Recognition of a significant soft tissue component,
maintenance of a high index of suspicion and the use of
percutaneous biopsies can minimize the risk of failing
to appreciate the presence of tumor. Suspicious fluid al-
so can be sent for cytologic assessment. The success
rate for PAD tends to be lower in immunocompromised
patients.

The results of PAD for abscesses complicating
Crohn’s disease are less encouraging. Patients without
fistulous communications to the bowel are usually
cured by PAD, whereas those with fistulas generally re-
quire bowel resection. Among patients requiring oper-
ation, initial PAD usually leads to significant clinical
improvement and permits performance of a one-stage
operation. No iatrogenic entero-cutaneous fistulas
have been reported. CT scan or MRI imaging is neces-
sary in the clinical setting where an abscess is suspect-
ed.

Low pelvic abscesses in contact with the rectum or
vagina can be treated surgically by incision and drain-
age through these organs. The same approach can be
taken using sonographic guidance, and advances in en-
doluminal ultrasound techniques have facilitated such
procedures. Experience with ultrasound-guided trans-
rectal and transvaginal drainage is growing, and these
procedures appear to be effective and well tolerated.
Good success also has been achieved in the manage-
ment of tubo-ovarian abscesses complicating pelvic in-
flammatory disease that are refractory to medical man-
agement. In most cases, the need for hysterectomy and
oophorectomy due to pelvic abscess has been outdated.

47.4
Management of Specific Intra-abdominal
Infections
47.4.1
Infected Necrotizing Pancreatitis

Perhaps the most challenging problem in intra-abdom-
inal infections has been the management of infected
pancreatic necrosis. Since the last update of this chap-
ter, considerable information has become available re-
garding new interventional strategies, and the require-
ments for empiric therapy for documented infected
pancreatic necrosis have been clarified [20–22].

47.4.2
Origin of Infection in Pancreatic Necrosis

Microbial translocation may represent an important
cause of septic morbidity in patients with acute pancre-
atitis. Alterations in intestinal permeability may also
predispose to translocation. The extent of gastric colo-
nization and intestinal permeability has been exam-
ined in patients with acute pancreatitis [18]. There was
a significantly higher incidence of colonization with
potentially pathogenic enteric bacteria in patients with
severe disease compared to those with mild disease.

47.4.2.1
Role of Antibacterial Prophylaxis in Pancreatic Necrosis

There has been some further progress in understand-
ing antibiotic therapy for pancreatitis and its complica-
tions. This area has received increasing intention be-
cause of the trend to provide prophylactic broad spec-
trum antibiotic agents therapy for non-infected acute
necrotizing peritonitis. Death from acute severe pan-
creatitis results from infection and multiple organ sys-
tem failure occurring late in the course of illness. Pa-
tients with necrotizing pancreatitis involving at least
one-third of the organ are at highest risk of secondary
infection and death. A recent review has summarized
the findings of available trials [24]. Antibiotics have
demonstrated benefit in four recently completed stud-
ies despite a recent consensus panel convened by the
Society of Critical Care Medicine having reviewed the
available data and recommended against routine pro-
phylaxis [20, 24–28].

47.4.2.2
Indications for Intervention in Pancreatitis with Necrosis

The at-risk population for infection is those with ne-
crosis of approximately 30% or more of the pancreas as
determined by contrast enhanced CT scanning. While
advances in supportive and adjunctive care have result-
ed in decreased mortality rates, death still occurs in

47.4 Management of Specific Intra-abdominal Infections 499



10–20% of patients. Recent data suggest that patients
with pancreatic necrosis without infection can be man-
aged with a conservative strategy, reserving surgery or
other forms of intervention for documented infection.
Conservative management produces a subset of pa-
tients with persistent pain, malaise, and an inability to
tolerate a diet or return to activities of daily life. These
patients with organized necrosis do well with delayed
debridement. Further, infection may develop late after
weeks of sterility, and is diagnosed by fine needle aspi-
ration of pancreatic necrosis [29].

Computed tomography is the procedure of choice
for localizing and characterizing complications of
acute pancreatitis, and fine-needle aspiration is invalu-
able in documenting infection. Percutaneous drainage
is a therapeutic option for evacuation of infected fluid
but is not capable of removing infected necrotic tissue.
Factors that would mitigate against this approach in-
clude the presence of multiple small lesser sac abscesses
or concerns about erosion of the inflammatory mass
into the colon or major blood vessels. Drainage of cen-
tral (pancreatic bed and lesser sac) collections is less
often successful than is drainage of peripheral collec-
tions due to the frequent presence of a phlegmon and/
or necrosis in the central regions.

The surgical management of infected necrosis has
evolved from a strategy of planned re-explorations un-
til no further evidence of necrosis was identified to a
more recent approach of a single procedure with CT
scan follow-up if clinical signs suggest recurrent infec-
tion [30, 31]. In the recent past, an expanding experi-
ence with laparoscopic procedures in the management
of pancreatic necrosis has been reported. These reports
have detailed different approaches, including transme-
socolic, transgastric transgastrocolic and retroperito-
neoscopic approaches [32–35]. These approaches like-
ly offer management of these conditions without the
added problems of a large abdominal incision. Given
the relative infrequency of this condition (infected ne-
crosis) it is unlikely that a comparative trial will be per-
formed.

For localized (acute or chronic) fluid collections,
percutaneous drainage is successful in a high percent-
age of cases. Fistulous communications to the pancre-
atic duct are commonly present but may be difficult to
document radiographically. To minimize the risk of re-
currence with pancreatic fluid collections, it is espe-
cially important to document complete cessation of
drainage before removing drains. Endoscopic retro-
grade cholangiopancreatography (ERCP) is valuable to
document patency of the pancreatic duct, since fistulas
associated with downstream obstruction are unlikely
to heal and generally require operation.

47.4.3
Biliary Tract Infections
47.4.3.1
Acute Cholecystitis (Calculous and Acalculous)

Acute cholecystitis in the intensive care setting is
unique compared with disease seen in ambulatory pop-
ulations or hospitalized patients. Most cases are acalcu-
lous and likely represent complications of microvascu-
lar and mucosal dysfunction with more significant epi-
thelial degeneration and muscle necrosis than calcu-
lous cholecystitis. Incidence has been seen to increase
with length of ICU stay and mortality is related to de-
gree of organ failure. Associations with prolonged
shock, use of vasopressors, narcotic use, and mechani-
cal ventilation have all been proposed. An impairment
of smooth muscle contractility marked by decreases in
calcium influx and release has been found in animal
models, with corresponding gallbladder atony charac-
terized by earlier and more frequent development of
sludge in gallbladders of ICU patients [36].

This condition often presents as occult sepsis, with or
without physical findings of right upper quadrant ten-
derness. Liver transaminase levels are abnormal in about
half of the patients and therefore are not reliable as
screening tests [37, 38]. Imaging modalities to diagnose
acute cholecystitis include ultrasound, CT, and choles-
cintigraphy. Ultrasound is used most commonly to iden-
tify this condition and has the advantage of bedside ap-
plication by a variety of users in the critically ill. Sono-
graphic findings include increases in wall thickness, stri-
ated intramural gallbladder lucencies, pericholecystic
fluid or sonolucency. Increased gallbladder wall thick-
ness can be due to a variety of benign conditions, includ-
ing hypoalbuminemia and right heart failure, and is a
poor indicator of acute cholecystitis alone. Intramural
lucencies reflect subserosal inflammation and are there-
fore believed to be relatively specific for acute cholecysti-
tis [37–39]. Similarly, pericholecystic fluid is specific but
uncommon. CT, often used as an early diagnostic test for
patients with unidentified postoperative sepsis, is sensi-
tive and specific for acute cholecystitis. As with ultra-
sound, increased gallbladder wall thickness, intramural
low-attenuation areas, and pericholecystic fluid collec-
tions in the absence of ascites are important findings.
Cholescintigraphy can be employed in cases where ultra-
sound and CT are not conclusive and with the use of
morphine enhancement can be up to 100% sensitive and
88% specific. Treatment focuses on relief of biliary ob-
struction by means of cholecystectomy, cholecystostomy
or rarely nasobiliary drainage with lavage. The use of
cholecystostomy in the critically ill provides a safe alter-
native for patients who cannot tolerate operative inter-
vention and can often be preformed at the bedside with
ultrasound guidance. An interval cholecystectomy can
be done when the patient’s condition allows [40–43].
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47.4.3.2
Ascending Cholangitis

Ascending cholangitis, which results from biliary ob-
struction and secondary bacterial infection, classically
presents with the clinical triad of fever, chills and jaun-
dice; although rarely seen in clinical practice. Relief of
obstruction should be performed on an emergent ba-
sis. Common causes of biliary obstruction include duc-
tal calculi, benign strictures, adenopathy and neoplas-
tic diseases (e.g., pancreatic carcinoma, cholangiocar-
cinoma). The diagnosis of biliary obstruction is based
on demonstration of abnormal dilation of the common
bile duct or its tributaries, or both. Ultrasound is the
best modality for demonstrating biliary dilation. It may
also demonstrate supportive findings such as ductal
wall thickening, intraluminal gas or pericholecystic flu-
id collections. Sonography is extremely sensitive in de-
tecting stones in the gallbladder but is less sensitive in
detecting common duct calculi. CT is less sensitive
than ultrasound in identifying stones, as stones often
have the same radiographic density as the surrounding
bile, but is superior in imaging underlying pancreatic
diseases, be they inflammatory or neoplastic.

The diagnostic imaging of cholangitis has several
pitfalls. Early obstruction may present without demon-
strable biliary dilation. Conversely, a dilated bile duct
may not be functionally obstructed, but rather the dila-
tion may be due to prior biliary obstruction with resul-
tant ectasia. Clinical and laboratory signs of biliary ob-
struction (e.g., jaundice, hyperbilirubinemia or elevat-
ed serum alkaline) phosphatase are generally adequate
to distinguish between obstructive and nonobstructive
biliary dilation. Gas in the biliary tree is often a sensi-
tive sign of infection, though this may be nonpatholo-
gic in patients who have undergone prior biliary bypass
or endoscopic instrumentation.

Direct visualization of the biliary tree, via percuta-
neous transhepatic cholangiography (PTC) or ERCP, is
often used for diagnostic and therapeutic purposes. A
thorough discussion of the relative merits of these two
techniques is beyond the scope of this chapter. In most
cases, cross-sectional imaging is sufficient for diagnos-
tic purposes, and intervention is used for therapy. If
biliary obstruction is strongly suspected on clinical
grounds and imaging does not demonstrate dilation,
direct visualization of the duct may be warranted to
identify early nondilated obstruction. ERCP is less in-
vasive and generally is the initial procedure of choice
for distal obstruction, whereas PTC may be more useful
for proximal obstructions. To a large extent, the choice
of modalities rests with the expertise of available per-
sonnel.

47.4.4
Intestinal Ischemia

Ischemic disease of the bowel may result from arterial
or venous occlusion or from a nonocclusive low-flow
state in the mesenteric vessels. Enteric ischemia is a fre-
quent diagnostic consideration in the acutely ill pa-
tient. Plain radiography and CT scanning should be
performed to seek evidence of advanced ischemia such
as pneumatosis or portal vein gas. When acute embolic
enteric ischemia is strongly suspected, angiography is
the procedure of choice for confirmation and identifi-
cation of the site and cause of ischemia [44].

In patients whose symptoms are less specific, CT is a
very useful modality for evaluating suspected enteric
ischemia as well as for identifying other abdominal pa-
thology contributing to the patient’s critical illness. The

a

b

Fig. 47.3. a Abscess from perforated colonic diverticulum iden-
tified by CT scan with double contrast. (Note enhancement of
abscess rim, caused by hypervascularity and the interface of
bacterial growth and the host.) b CT scan with double contrast
demonstrating necrotizing pancreatitis with evidence of ab-
scess formation by virtue of air bubbles in edematous peri-
pancreatic tissue (arrow)
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earliest changes of ischemia are nonspecific and in-
clude bowel dilation and mural thickening. With trans-
mural ischemia, inflammatory changes are seen in the
mesenteric fat. However, these findings are nonspecific
and CT has limited sensitivity for detecting early and
potentially reversible cases of mesenteric ischemia. The
findings are more specific when transmural necrosis
has developed and include air within the bowel wall
and portal venous system (Fig. 47.3).

If ischemic disease is suspected on the basis of the
clinical evaluation or imaging studies, but the findings
remain nonspecific, angiography should be performed.
The oral and intravenous contrast used for CT may
compromise the subsequent performance of angiogra-
phy; however, CT can detect other forms of pathology
in the abdomen and is less invasive. Accordingly, the
choice between CT and angiography depends on the
degree of clinical suspicion of ischemia.

47.4.5
Intra-abdominal Infections in Postoperative Patients

Postoperative peritonitis generally is a consequence of
anastomotic leakage. This is a highly lethal condition,
in part because it often is diagnosed late due to the re-
luctance to entertain the possibility of a suture line de-
hiscence. This diagnosis should be considered in any
patient with signs of sepsis who has undergone a gas-
trointestinal anastomosis. Typical findings of diffuse
abdominal tenderness may be masked by incisional
pain. Because laparotomy itself introduces free air into
the abdominal cavity, pneumoperitoneum is a nonspe-
cific finding in patients during the first few days after
celiotomy. The most common error is to ascribe clinical
deterioration to pulmonary processes that often are a
consequence of peritonitis.

Ultrasound or CT reveals peritoneal fluid, which, if
present, should lead to ultrasound-guided aspiration
for diagnostic purposes. Surgical treatment should in-
clude either re-anastomosis or end-colostomy. Postop-
erative abscesses are managed as detailed above. The
postoperative patient deserves the highest degree of
suspicion for anastomotic leak upon any suggestion
that an intra-abdominal process has begun.

47.4.6
Enteric Fistulas

Intestinal fistulas are among the most challenging and
morbid complications following intra-abdominal oper-
ations. The most common source is the small intestine,
followed by the colon, stomach, duodenum, biliary
tract and pancreas. Occult sepsis is often the initial
clinical finding resulting from a systemic response due
to inflammation surrounding the nascent fistula. The
foundation of diagnosis and treatment involve early

control of sepsis by identifying the source of fistula and
draining any associated abscess, aggressive fluid resus-
citation with special attention to electrolyte imbal-
ances, nutritional support and appropriate fistula con-
trol with wound and skin care.

Mortality from fistulas is most closely associated
with concomitant sepsis. It is this area in which aggres-
sive ICU intervention is paramount. The initial stabili-
zation maneuvers of fluid resuscitation and electrolyte
correction, early nutritional support, and judicious
and targeted antibiotics remain mainstays. Recogniz-
ing the presence of a fistula is the first step in manage-
ment. Presumably, the abnormal communication is ini-
tially occluded with debris or adequate maneuvers to
demonstrate the leak and its tract are not performed. A
sudden change in the character of drainage or persis-
tent output greater than 50 ml/day should alert the cli-
nician to the presence of a fistula. Injection of contrast
into the drainage catheter or other imaging studies (up-
per gastrointestinal contrast study, barium enema,
ERCP or radionuclide biliary scan) is useful for demon-
strating a fistula, assessing the adequacy of catheter
placement and later documenting closure of the fistula.

Abscesses with fistulous communication to the ali-
mentary canal, biliary tree, or pancreatic duct represent
a special problem for percutaneous drainage. Fistulas are
loosely characterized as high (greater than 100 ml/day)
or low (less than 100 ml/day) output. Low-output fistulas
can be managed easily with PAD in most cases, while
most high-output fistulas can be quickly converted to
low-output fistulas through the same maneuver.

The importance of aggressive nutritional support
cannot be overemphasized. If possible, enteric nutri-
tion should be provided through catheters placed distal
to the fistula. For proximal high-output fistulas, paren-
teral nutrition is often required unless a surgically or
endoscopically placed catheter can be placed distal to
the perforation. Somatostatin appears useful in the
management of patients with fistulas.

A critical aspect to fistula management is wound
care, especially challenging with high-output fistulas.
Use of synthetic, nonabrasive bandages with frequent
dressing changes is often helpful. Recent debate has
centered on the use of porous sponges with vacuum as-
sisted closure devices. Though the application of direct
suction on a fistula may seem counterintuitive, several
case reports have demonstrated decreased cost, in-
creased patient satisfaction, shorter hospital stays, de-
creased skin breakdown and earlier re-initiation of en-
teral feedings [45–47].

The presence of active underlying inflammatory dis-
ease (e.g., Crohn’s disease, diverticulitis, etc.) ischemia
or neoplasia is associated with a higher rate of failure,
and temporization in these cases is often a more rea-
sonable goal. It is important to exclude downstream
obstruction, as this invariably prevents closure of the
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fistula. Proximal diversion of bowel contents to dimin-
ish flow (by means of gastric or intestinal tube suction)
and maintenance of nutrition (enteral feeding distal to
fistula or parenteral nutrition) are critical determi-
nants of success. Proximal diversion is recommended
for all gastroduodenal and small bowel fistulas and for
all high-volume leaks. The perils of treatment often
come when repeated operative interventions are per-
formed prior to control of infection, appropriate drain-
age and nutritional stabilization. In the largest and lon-
gest series tracking enteric fistulas, patients with the
greatest success rates were in good nutritional state,
had no signs of sepsis, were out of an ICU setting and
usually underwent definitive repair months after diag-
nosis of the fistula [48–51].

47.5
Antimicrobial Therapy for Intra-abdominal
Infections

The goals of antibiotic therapy for intra-abdominal in-
fections that are to be treated by either percutaneous or
operative intervention are: (1) to hasten the elimina-
tion of infecting microorganisms, (2) minimize the risk
of recurrent intra-abdominal infection, (3) (perhaps)
shorten the clinical manifestations of infection, and (4)
limit the extension of abdominal wound infection (e.g.,
necrotizing fasciitis). In patients with localized ab-
scesses, antibiotics reduce fever and other manifesta-
tions of systemic response, but only after a 24- to 36-h
interval. Antibiotics should be administered after fluid
resuscitation has been initiated to restore adequate vis-
ceral perfusion and provide better drug distribution.
Moreover, antimicrobial side effects may be exacerbat-
ed with impaired organ perfusion.

Antimicrobial agents are often begun empirically
when the diagnosis of intra-abdominal infection is sus-
pected, before the establishment of an exact diagnosis
and before results of appropriate cultures are available.
Accordingly, the clinician often must make a presump-
tive diagnosis and anticipate the pathogens that are
most likely to be encountered at the site of infection.
Empiric antibiotics used for intra-abdominal infec-
tions should be active against enteric Gram-negative
facultative and obligate anaerobic bacilli (Table 47.1).
The microbiology of intra-abdominal infection has
been well defined. The identity and density of microor-
ganisms depend on the site of the gastrointestinal tract
perforation. In general, gastric, duodenal, and proxi-
mal jejunal perforations release small numbers of
Gram-positive aerobic and Gram-negative anaerobic
organisms into the peritoneal cavity. These organisms
are generally susceptible to first-line agents such as
cephalosporins and are rapidly eradicated by defense
mechanisms in intact hosts. Candida albicans or other

Table 47.1. Organisms identified in three recently completed
clinical trials in intra-abdominal infections

Study Cipro/
Imi [59]

Clina/
Imi [57]

Erta/Pip-
tazo [67]

Number of patients 330 312 396
Facultative/aerobic

Gram-negatives 81% 84% 83%
Any anaerobes 50% 67% –
Any Gram-positive cocci 61% 67% 50%
Escherichia coli 59% 68% 70%
Klebsiella species 19% 16% 13%
Pseudomonas aeruginosa 12% 15% 13%
Proteus species 7% 6% 4%
Enterobacter species 5% 5% 5%
Citrobacter species 5% 4% –
Other Gram-negatives 12% 8% 12%
Bacteroides fragilis 31% 32% 36%
Bacteroides thetaiotaomicron – 19% 20%
Bacteroides uniformis – 14% 11%
Bacteroides vulgatus – 9% 7%
Bacteroides distasonis – 8% 11%
Bacteroides ovatus – – 11%
Other Bacteroides 11% 13% 17%
Clostridium species 12% 20% 33%
Prevotella 14% 10%
Peptostreptococci 9% 18% 16%
Fusobacterium 2% 11% 7%
Eubacterium spp. 15% 18%
Other anaerobes 12% 24% 19%
Streptococci 16% 58% 22%
Streptococcus viridans 17% – 8%

Hemolytic streptococci 5% – –
Staphylococcus aureus 5% 5% 2%
Other Staphylococcus 4% – 6%
Coagulase-negative

staphylococci
6% – –

Enterococcus, not speciated 17% 2% 12%
Enterococcus faecalis 4% 13% 11%
Enterococcus faecium 2% 4% 3%
Enterococcus avium 6% –
Group D Streptococcus 5% – –

fungi are cultured from approximately 20% of patients
with acute perforations of the gastrointestinal tract.
Even when fungi are recovered, antifungal agents are
unnecessary unless the patient has recently received
immunosuppressive therapy for neoplasm, transplan-
tation or inflammatory disease or has recurrent intra-
abdominal infection.

Cultures from patients with distal small bowel per-
forations grow Gram-negative facultative organisms
with variable density. Perforations of the distal small
bowel often evolve to localized abscess formation and
present with peritonitis only after rupture of the ab-
scess. Colonic anaerobes such as B. fragilis are variably
present. Patients with colon-derived intra-abdominal
infections show contamination of the peritoneal cavity
with large numbers of facultative and obligate anaero-
bic Gram-negative organisms.

Decisions regarding definitive antimicrobial thera-
py should be guided by the results of cultures obtained
by operative or percutaneous drainage. For critically ill
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patients with intra-abdominal infections, fluid collec-
tions, particularly if purulent, should be sampled for
Gram’s stain followed by culture and sensitivity. If the
Gram’s stain reveals a predominance of Gram-positive
cocci, which may indicate that enterococci or other fe-
cal streptococci are significant co-pathogens at the site
of infection, the clinician should consider alterations in
the antibiotic regimen to include agents that are specif-
ically active against enterococci (see below). This selec-
tion should be guided by local susceptibility patterns
and may require addition of vancomycin [52].

47.5.1
Rationale for Selection of Antibacterial Agents
47.5.1.1
Pharmacokinetic and Pharmacodynamic Considerations

Two broad categories describe microbial pharmacody-
namics: concentration-dependent or time-dependent
killing. Both of these classifications relate specific host
pharmacokinetic parameters to the minimum-inhibi-
tory concentration (MIC) of the antimicrobial for the
respective pathogen. Briefly, concentration-dependent
agents exhibit maximal antimicrobial activity when the
ratio of the magnitude of antimicrobial exposure-to-
MIC is higher (e.g., peak serum concentration-to-MIC
or area under the curve [AUC]-to-MIC ratios). Agents
included in this category for most relevant microorgan-
isms include aminoglycosides, fluoroquinolones, met-
ronidazole, amphotericin B, and echinocandin antifun-
gals. Conversely, the antimicrobial activity of time-de-
pendent agents is more closely related to the duration
of microbial exposure to concentrations above the
MIC, rather than the magnitude of microbial exposure.
This principle describes the activity of q -lactams, car-
bapenems, monobactams, vancomycin, linezolid, and
azole antifungals.

Dosing of antimicrobial agents should be optimized
based on their pharmacokinetic and pharmacodynam-
ic properties. Concentration-dependent agents should
be given as increased doses at more extended intervals
(as permitted by host toxicity), whereas time-depen-
dent agents should be given with increased frequency
(based on host pharmacokinetics) to limit or eliminate
the duration of time that antimicrobial concentrations
are below the microorganism MIC. The logical exten-
sion of this notion is continuous infusion of cell wall ac-
tive agents. This becomes particularly attractive for or-
ganisms with high MICs and where mutation rates to
resistance may be increased.

Critically ill patients often exhibit pharmacokinetic
alterations which include expanded volumes of distri-
bution of most antimicrobial agents. Some may exhibit
more rapid clearance while impaired renal function is a
well-recognized complication of sepsis. Additionally,
effects of renal replacement therapies should be antici-

pated to optimize adequate tissue exposure. Thus, it is
important to anticipate these changes when selecting
antimicrobial dose, interval, and infusion time.

47.5.2
Specific Antibiotic Recommendations

Outcomes are heavily influenced by the rapidity of di-
agnosis and appropriate intervention, and the timeli-
ness and efficacy of anti-infective therapy. There are a
wide range of individual antimicrobial agents and com-
binations of agents available for use in complicated in-
tra-abdominal infections. There are convincing data
that absent or inadequate empiric and definitive antibi-
otic therapy results in both increased failure rates and
increased mortality [53]. Conversely, unnecessary or
needlessly broad therapy carries its own problems.
Various patient and agent-specific toxicities of therapy
may occur, including superinfection, microbial resis-
tance and organ toxicity. Acquisition of intrinsically re-
sistant organisms and selective pressure for resistance
within the unit, hospital or community is of increasing
concern [54, 55].

Antimicrobial susceptibility patterns within each
hospital and the local ICU should be noted when select-
ing initial empiric antibiotic therapy. In vitro data, es-
pecially antimicrobial susceptibility tests, are predic-
tive of the in vivo response of infecting bacteria to par-
ticular antibacterial agents. Although a variety of sus-
ceptibility testing techniques are available, disk or au-
tomated testing is appropriate for bacteria isolated
from intra-abdominal infections except in extraordi-
nary circumstances.

Evidence from in vitro data, animal studies and clin-
ical trials has led to widespread acceptance of the need
to provide empiric antimicrobial therapy directed
against Escherichia coli and other common members of
the Enterobacteriaceae family. In addition, B. fragilis.
B. fragilis and E. coli are the most common isolates
from intra-abdominal infections and are the organisms
that are most likely to cause bacteremia in abdominal
sepsis, further attesting to their pathogenicity.

The evidence in support of broadening therapy to
cover organisms other than common facultative and
obligate anaerobes such as E. coli and B. fragilis is more
controversial. Initial empiric coverage of Pseudomonas
aeruginosa has been associated with a decreased likeli-
hood of persistent or recurrent abdominal infection
when these organisms were isolated from the site of in-
fection. Other trials, however, using antimicrobial
agents not effective against P. aeruginosa, have not
found a high incidence of treatment failure when this
organism was isolated. The severity of infection, co-
morbid illnesses (e.g., immunosuppressed states, dia-
betes, etc.) and previous geographic location of the pre-
senting patient (i.e., community vs. healthcare-associ-
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ated) should guide the breadth of empiric antimicrobial
therapy.

A large number of agents are broadly active against
the bacteria found in intra-abdominal infection. These
are best discussed as classes of drugs and include ami-
noglycosides, carbapenems, cephalosporins, penicil-
lins plus q -lactamase inhibitors, and quinolones. Az-
treonam, a monobactam, can be considered as a cepha-
losporin-class agent.

47.5.2.1
Identification of High Risk Patients

Several attempts have been made to identify clinical
features in patients with peritonitis that increase the
risk of adverse outcomes. These analyses have identi-
fied parameters prognostic of mortality rather than the
risk of recurrent infection, including higher APACHE II
scores, poor nutritional status, significant cardiovascu-
lar disease, and inability to obtain adequate source con-
trol [56]. Similarly, patients immunosuppressed by
medical therapy for transplantation, cancer, or inflam-
matory disease should receive a broader spectrum of
therapy. Patients with other acute and chronic diseases
may also be immunosuppressed although this is diffi-
cult to define. For such patients, antimicrobial regi-
mens with expanded spectra may be warranted, includ-
ing meropenem, imipenem/cilastatin, piperacillin/ta-
zobactam, a quinolone plus metronidazole, or a third/
fourth generation cephalosporin plus metronidazole.

Prolonged pre-hospital length of stay and prolonged
(>2 days) pre-operative antimicrobial therapy are sig-
nificant predictors of failure from recurrent infection,
and suggest that organisms resistant to the empiric an-
timicrobial regimen may be responsible [42, 43]. Such
patients should be treated for healthcare-associated in-
fection. Appropriate regimens for such patients will
mirror therapy provided for other ICU-acquired infec-
tions such as ventilator-associated pneumonia, and
typically include a carbapenem and vancomycin. Indi-
vidual units may harbor multi-resistant organisms and
require even more focused therapy.

47.5.2.2
Duration of Therapy

Antimicrobial therapy for established infections
should be continued until resolution of clinical signs of
infection occurs, including normalization of tempera-
ture and white blood cell count, and return of gastroin-
testinal function. The risk of subsequent treatment fail-
ure appears to be quite low in patients who have no
clinical evidence of infection at the time of cessation of
antimicrobial therapy [57].

In patients who have persistent or recurrent clinical
evidence of intra-abdominal infection after 5–7 days of

therapy, appropriate diagnostic investigation should be
undertaken. This should include CT or ultrasound im-
aging, and antimicrobial therapy effective against the
organisms initially identified should be continued. Pa-
tients with persistent or recurrent intra-abdominal in-
fections will likely require additional intervention to
achieve source control. If a patient has persistent clini-
cal symptoms and signs, but no evidence of a new or
persistent infection is uncovered after a careful investi-
gation, termination of antimicrobial therapy is war-
ranted.

47.5.2.3
Indications for Anti-Enterococcal Therapy

Although the appropriate role of anti-enterococcal
therapy is controversial, most authorities believe that
specific therapy directed towards this organism should
be given only when enterococci are the only organisms
isolated from abdominal samples or are isolated from
blood. Numerous prospective, blinded and random-
ized trials have compared regimens active against rou-
tine isolates of Enterococcus for community-acquired
infections. In at least six of these studies, the compara-
tor regimen did not have similar coverage [58, 59].
Nonetheless, none of these trials demonstrated an ad-
vantage to treatment for enterococci. Routine coverage
of Enterococcus is therefore not necessary for patients
with community acquired intra-abdominal infections.

Antimicrobial therapy for enterococci should be
given when enterococci are recovered from patients
with healthcare-associated infections. The selection of
appropriate antimicrobials should be guided by sus-
ceptibility testing. Local ICU antibiograms and antimi-
crobial resistance patterns should be known due to the
emergence of ampicillin and vancomycin resistant en-
terococci. If the sample reveals Gram-negative bacilli,
failure to isolate either facultative or obligate anaerobes
on culture does not obviate the need to continue pro-
viding antimicrobial agents against both.

47.5.2.4
Indications for Antifungal Therapy

Candida albicans or other fungi are cultured from
about 20% of patients with acute perforations of the
gastrointestinal tract. Even when fungi are recovered,
antifungal agents are unnecessary unless the patient
has recently received immunosuppressive therapy for
neoplasm, transplantation, or inflammatory disease, or
has post-operative or recurrent intra-abdominal infec-
tion.

Anti-infective therapy for Candida should be with-
held until the infecting species is identified. If Candida
albicans is found, fluconazole is an appropriate choice.
For fluconazole-resistant Candida species, therapy
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with amphotericin B, caspofungin or voriconazole is
appropriate. The latter two agents cause substantially
less toxicity than amphotericin B, and are specifically
indicated for patients with renal dysfunction or trans-
plantation.

47.5.2.5
Aminoglycosides

Aminoglycosides have been the mainstay of therapy for
serious Gram-negative infections for the past 40 years.
Due to their potential for nephrotoxicity and ototoxici-
ty and their narrow therapeutic range, however, there
has been considerable movement away from aminogly-
cosides as first-choice agents for community-acquired
intra-abdominal infections. Several classes of agents,
all highly active and effective against the anticipated in-
fected flora of intra-abdominal infections, are avail-
able. The use of q -lactams or quinolones in combina-
tion with metronidazole, q -lactams combined with q -
lactamase inhibitors, or carbapenems in mixed flora
infections has given clinical results equivalent to or bet-
ter than those seen with aminoglycoside-based combi-
nations [60]. Aminoglycosides no longer represent the
gold standard for therapy of intra-abdominal infec-
tions and need not be used for community-acquired in-
tra-abdominal infections. The use of aminoglycosides
as first-choice agents for empiric treatment of health-
care-associated intra-abdominal infections should de-
pend on local susceptibility patterns of healthcare-as-
sociated isolates.

Considerable movement has been seen toward high-
dose intermittent therapy with aminoglycosides. Pa-
tients with major infections have expanded volumes of
distribution for aminoglycosides and commonly re-
quire at least 2.5 mg/kg gentamicin or tobramycin to
achieve therapeutic levels. Regimens involving high
doses (5–10 mg/kg) of gentamicin or tobramycin given
once every 24 h have been evaluated. The rationale for
this form of treatment is based on the concentration-
dependent bactericidal activity and post-antibiotic ef-
fect phenomenon observed with aminoglycosides.

47.5.2.6
Lactams

An alternative strategy to the use of penicillinase-resis-
tant cephalosporins is to use currently available peni-
cillins (e.g., ampicillin and piperacillin) in combination
with a q -lactamase inhibitor, such as sulbactam, clavu-
lanic acid or tazobactam. These agents are potent in-
hibitors of penicillinases and other non-extended spec-
trum q -lactamases from Gram-positive and anaerobic
Gram-negative organisms. They have less activity
against the chromosomal q -lactamases (e.g., extended-
spectrum q -lactamases or ESBL) seen in many strains

of Enterobacteriaceae and do not completely compen-
sate for the marginal Gram-negative activity of the pen-
icillin derivative. The primary concern has to do with
organisms that constitutively express q -lactamases. Or-
ganisms that typically express this activity include Ent-
erobacter species, P. aeruginosa, Citrobacter, Serratia
and Acinetobacter species. These particular organisms
are most commonly encountered in healthcare-associ-
ated infections but are also present in approximately
15% of community-acquired infections. Clinical trials
with these agents for intra-abdominal infections have
been generally confined to patients with acutely perfo-
rated gastroduodenal ulcers and acute appendicitis.
These q -lactamase inhibitors add considerable anti-
staphylococcal and anti-Bacteroides activity to the base
penicillin.

47.5.2.7
Carbapenems

Imipenem and meropenem, carbapenem derivatives,
have broad activity against facultative and obligate
Gram-negative anaerobes and excellent Gram-positive
activity (excluding methicillin-resistant staphylococci)
[61–66]. In particular, these agents are more active
against ESBL-producing Enterobacteriaceae. Imipe-
nem is formulated with cilastatin, a renal dehydropep-
tidase inhibitor that prevents renal tubular epithelial
metabolism of the drug. In situations in which plasma
accumulation of imipenem occurs (high dose levels or
renal failure), the drug has been associated with sei-
zures. With lower dose levels and appropriate adjust-
ments for renal failure, however, seizures are rare. Me-
ropenem has not been associated with such neurotoxic-
ity. Moreover, the in vitro activity of meropenem is
slightly broader than imipenem, whereby the MICs of
many organisms (e.g., P. aeruginosa) are one dilution
lower. Another carbapenem derivative recently intro-
duced is ertapenem. Unlike imipenem and merope-
nem, this agent is more appropriately utilized for the
empiric management of community-acquired or mild-
to-moderate intra-abdominal infections. Ertapenem
has similar activity against Gram-negative anaerobes
as imipenem and meropenem; however, this agent is
less broad for healthcare-associated obligate Gram-
negative and certain Gram-positive organisms (i.e., en-
terococci) [67].

47.5.2.8
Fluoroquinolones

As clinical experience has accumulated, quinolone an-
tibiotics appear to be useful for intra-abdominal infec-
tions. These agents act by inhibiting deoxyribonucleic
acid (DNA) replication and have shown similar activi-
ty to imipenem in clinical trials for pneumonia and in-
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tra-abdominal infection. Available quinolones have
little anti-B. fragilis activity and should be combined
with metronidazole to include obligate Gram-negative
anaerobic coverage. There has been a concerning rise
in the incidence of quinolone resistance, often paired
with extended spectrum-lactamase production, in
healthcare associated infections. While fluoroquino-
lones remain suitable for management of mild to
moderate community-acquired infections, local sus-
ceptibility patterns should be reviewed prior to their
use in high severity intra-abdominal infections, espe-
cially following prior antimicrobial therapy or opera-
tion.

47.5.2.9
Imidazoles

As outlined previously, metronidazole has remained
highly effective against Bacteroides species, in contra-
distinction to clindamycin, and is now the preferred
agent for combination therapy with later-generation
cephalosporin or aztreonam-based therapy.
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48Surgical Site Infection Control
in the Critical Care Environment
C.E. Edmiston, Jr, P.J. Wilson, B.F. Grahn

48.1
Introduction

Over the past 20 years there has been a significant
change in the demographics of hospitalized patients,
reflected in patients being admitted with more severe
disease processes resulting in a higher risk for infec-
tion. This is especially true for surgical patients, many
of whom require admission to the ICU and are the re-
cipient of various lines, catheters and other intravascu-
lar devices. The number of surgical procedures per-
formed annually in the United States approaches 30
million and based upon data derived from the CDC’s
National Nosocomial Infection Surveillance (NNIS)
program, surgical site infections (SSIs) are the third
most frequently reported healthcare-associated infec-
tion (HAI) [1, 2]. Several studies suggest that surgical
site infections are associated with both an increased
length of stay (up to 7.3 days) and increased total hospi-
tal charges, which in the case of selected surgical patho-
gens such as methicillin-resistant Staphylococcus aure-
us (MRSA) can result in excess charges amounting to
several thousands of dollars [3, 4]. In addition, the ac-
quisition of an SSI has been suggested to be associated
with increased mortality when compared to closely
matched hospitalized patients without an SSI.

The National Nosocomial Infection Surveillance
(NNIS) program developed through cooperation with
the Centers for Disease Control and Prevention is an
operation specific index with a fairly high discrimina-
tory power compared to previous risk stratified index
systems. Currently, within most institutions in the
United States the infection control team monitors those
surgical procedures which, by virtue of historical expe-
rience, possess the greatest risk for postoperative infec-
tion. At Froedtert Memorial Lutheran Hospital, the ma-
jor teaching affiliate institution associated with the
Medical College of Wisconsin, decisions as to which
procedures are to be monitored are made by an inter-
disciplinary committee, the Surgical Wound Taskforce.
The efforts of this group to reduce/prevent postopera-
tive surgical site infections may, however, be impacted
by external risk factors such as antimicrobial resis-
tance. In addition, ignorance or disregard for appropri-

ate infection control practces is often equally to blame
for failure to prevent HAI in both the medical and sur-
gical ICU.

Strategies for preventing postoperative surgical site
infections require attention to infection control prac-
tices and appropriate patient care management. Three
factors have been identified as influencing the develop-
ment of a postoperative surgical site infection: (a) the
patient’s intrinsic risk factor, (b) extrinsic factors asso-
ciated with the operation itself, and finally (c) microbi-
al virulence. The following discussion will focus upon
these three factors and also emphasize the recent
Guidelines for the Prevention of Surgical Site Infections
that have been developed by the Hospital Infection Pro-
gram of the Centers for Disease Control and Preven-
tion.

48.2
Microbiology and Pathogenesis
of Surgical Site Infections

Surgical site infections may be caused by endogenous
or exogenous microbial contamination. Table 48.1
demonstrates the distribution of pathogens associated
with surgical site infections in the United States. This
data from the NNIS program encompasses two study
intervals, 1986–1989 and 1990–1996 [5]. In addition to

Table 48.1. Predominant microbial pathogens associated with
surgical site infections (NNIS 1986–1996)

Organism Percentage of isolates
1986–1989 1990–1996

Staphylococcus aureus 17 20
Coagulase negative staphylococci 12 14
Enterococcus spp. 13 12
Escherichia coli 10 8
Pseudomonas aeruginosa 8 8
Enterobacter spp. 8 7
Proteus mirabilis 4 3
Klebsiella pneumoniae 3 3
Streptococcus spp. 3 3
Candida albicans 2 3
Miscellaneous gram-positives – 4
Bacteroides fragilis – 2
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understanding the etiology and pathogenesis of the
predominant pathogens associated with SSIs, it is also
important to recognize that the emergence of antimi-
crobial resistance among both gram-positive and
gram-negative microorganisms has a profound impact
on the care of the surgical patient in the ICU, limiting
therapeutic options and emphasizing reinforcement of
stringent infection control practices [6, 7].

48.2.1
Gram-Positive Microorganisms

Staphylococcus aureus is the most common surgical site
pathogen at 20%, followed by Staphylococcus epidermi-
dis (14%) and Enterococcus species at 12%. Overall,
gram-positive pathogens are responsible for 53% of
surgical site infections. Staphylococcus aureus has been
recognized to be a significant HAI pathogen since the
late 19th century. According to data derived from the
National Nosocomial Infection Surveillance (NNIS)
program, the incidence of methicillin-resistant Staphy-
lococcus aureus (MRSA) has increased from less than
2.5% in the mid-1970s to greater than 50% in 2005 [6,
8]. While early reports placed the greatest incidence of
MRSA in tertiary medical centers, it is now obvious
that this organism is ubiquitous within the healthcare
environment, with even small hospitals (less than 200
beds) reporting rates greater than 25%. It is important
to note that quite often these organisms will express re-
sistance to antibiotics other than the beta-lactam group
such as the fluoroquinolones. For example, it has been
pointed out in one study that resistance to methicillin is
often accompanied by resistance to both the 2nd and
3rd generation quinolone, such as ciprofloxacin and le-
vofloxacin [9]. In addition, the emergence of communi-
ty-acquired MRSA as colonizing flora in patients un-
dergoing elective surgical procedures threatens the po-
tential efficacy of our current surgical prophylaxis regi-
men for clean/clean-contaminated procedures [10]. At
present, vancomycin remains the drug of choice for the
treatment of MRSA. However, a growing number of in-
stitutions are reporting intermediate level resistance to
vancomycin, due to the presence of a thick exopolysac-
charide capsular material surrounding the bacterial
cell [11]. This nontraditional mechanism of resistance
is rather problematic, especially since routine suscepti-
bility testing often suggests that these organisms are
fully sensitive to vancomycin. Fortunately, newer
gram-positive active agents such as linezolid and dap-
tomycin have emerged as viable therapeutic options for
selective MRSA infections in high-risk patient popula-
tions [12, 13].

It is important to note that the development of anti-
microbial resistance among the staphylococci may in-
volve a myriad of genetic mechanisms including trans-
poson, plasmid or chromosomal mediated resistance.

While Staphylococcus aureus is recognized as the most
virulent member of this genus, Staphylococcus epider-
midis is presently the most common pathogen recov-
ered from biomedical device-related infections [14]. In
addition, 73% of the Staphylococcus epidermidis
strains at our institution express resistance to the 1st
generation cephalosporins. This has significant impli-
cations for the selection of a surgical prophylactic agent
for high-risk patients undergoing clean surgical proce-
dure and has prompted the substitution of a 2nd gener-
ation agent for patients undergoing surgery. The pres-
ence of MRSA in the surgical ICU and other units of the
hospital has necessitated the adoption of strict isola-
tion guidelines that while controversial, these policies
have been successful in limiting or preventing microbi-
al dissemination to other patients or units of the
healthcare environment.

The enterococci have been traditionally viewed as a
second class pathogen in surgery, often found as a com-
ponent of normal flora and recovered in mixed infec-
tions. However, many enterococci express multidrug
resistance and drug susceptibility is highly variable, de-
pendent upon the microbial species. In most institu-
tions, Enterococcus faecalis is still highly sensitive to
ampicillin (>90%), while greater than 80% of Entero-
coccus faecium strains will express resistance to ampi-
cillin. Prior to 1994, the vast majority of hospital micro-
biology laboratories in the United States did not speci-
ate the enterococci, but rather reported their results to
genus level. It is obvious that with the emergence of
these multi-resistance strains greater efforts are needed
to document the epidemiology of these organisms
within the hospital environment. Susceptibility to oth-
er beta-lactam agents may also demonstrate significant
variation. While in some surveys sensitivities to pipe-
racillin may exceed 90%, high rates or resistance
(>95%) are demonstrated against many of the 3rd gen-
eration cephalosporins [9]. In the last 10 years, the ap-
pearance of high level aminoglycoside resistance has
reduced the therapeutic efficacy of the synergistic com-
bination of penicillin and gentamicin for the treatment
of enterococcal bacteremias. In the face of high level
beta-lactam and aminoglycoside resistance, vancomy-
cin has emerged as the therapy of choice for many en-
terococcal infections.

However, in 1989 reports suggested that selected
strains of enterococci were developing resistance to the
glycopeptides, in particular among strains of Entero-
coccus faecium. Over the past 10 years there have been
numerous studies demonstrating nosocomial out-
breaks associated with vancomycin-resistant enteroc-
cal (VRE) strains expressing high level (Van A) vanco-
mycin resistance [15, 16]. This high level type of resis-
tance is carried on a single transposable element that is
incorporated into a bacterial plasmid. A moderate and
low level resistance to vancomycin has also been identi-
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fied but the precise genetic mechanisms are presently
unclear. In an effort to reduce the risk of vancomycin
resistance among the enterococci and to prevent the
spread of this resistance to the more virulent staphylo-
cocci, the CDC has developed criteria for the appropri-
ate use of vancomycin through the Hospital Infection
Control Practice Advisory Committee [17]. This im-
portant document encompasses four separate areas: (a)
development of microbiologic criteria for the identifi-
cation, susceptibility testing to detect vancomycin re-
sistance and screening for VRE in hospitalized pa-
tients, (b) development of educational programs that
enhance healthcare workers’ understanding of the epi-
demiology and pathogenesis of VRE, (c) development
of prevention and control strategies to reduce the inci-
dence of VRE in the healthcare environment, and final-
ly (d) criteria for the prudent use of vancomycin.

48.2.2
Gram-Negative Microorganisms

Data from the NNIS hospitals suggest that gram-nega-
tive microorganisms continue to be a significant source
of morbidity and mortality for surgical patients. Pseu-
domonas aeruginosa is currently responsible for ap-
proximately 9% of surgical site infections, while Ent-
erobacter, Escherichia coli and Klebsiella pneumoniae
occur as nosocomial SSI pathogens approximately
8.8%, 7.1%, and 3.5% of the time, respectively. Anaer-
obic bacteria on the other hand such as the gram-nega-
tive Bacteroides fragilis occur as surgical site pathogens
less than 3% of the time [5]. Members of the Enterobac-
teriaceae and Pseudomonas aeruginosa have all been
associated with selected mechanisms of resistance,
some of which have occurred quite rapidly over the
past 10 years [6]. Strains of Klebsiella pneumoniae that
express resistance to the 3rd generation cephalosporins
including ceftriaxone, cefotaxime or ceftazidime are
increasing at a rate of 1–2% a year [9]. This resistance
is due to an extended spectrum beta-lactamase (ESBL)
enzyme that is capable of hydrolyzing not only the 3rd
generation cephalosporin antibiotics but also aztreo-
nam. Unfortunately, under laboratory conditions these
organisms will often appear to be sensitive to these
agents, therefore rendering false-positive antibiogram
data [18, 19]. This type of resistance is occurring at a
much faster pace among ICU patients than the general
hospital population. It has been proposed that in-
creased duration of stay in the ICU is associated with
acquisition of this type of resistance in strains of Klebsi-
ella pneumoniae [9, 19]. Quinolone resistance in Pseu-
domonas aeruginosa has increased more dramatically
over the past 10 years, with resistance rates ranging
from 20% to 35%. However, it is important to note that
it does not appear that the increase in quinolone resis-
tance among strains of Pseudomonas aeruginosa is

solely an ICU phenomenon, but rather occurs through-
out the hospital [6]. At present, in our institution we are
seeing a 20% rate of resistance among Pseudomonas
aeruginosa to the carbapenems which is due to an al-
tered bacterial membrane porin, preventing the entry
of the antimicrobial into the bacterial cell. It is obvious
that the increase in resistance that is currently being
seen in the SICU is related to several important vari-
ables. First the high-risk status of the patient popula-
tion coupled with their severity of illness contributes to
the overall problem of host susceptibility to HAI. Sec-
ond, the failure to ascribe to basic infection control
practices exacerbates the problem of acquisition and
dissemination. Finally, a less than prudent pattern of
antimicrobial use has intensified the pressure placed
upon patients in the critical care environment.

48.3
Endogenous Versus Exogenous Sources
of Contamination

Historically most SSIs have been viewed as derived
from the patient’s own endogenous flora, whether from
the skin, or pharyngeal or gastrointestinal tract. For in-
stance, vascular, orthopedic or plastic surgical proce-
dures often involve the skin or skin structures and
therefore tend to involve a gram-positive flora if infec-
tion occurs, while general surgical procedures involv-
ing the gastrointestinal tract have a more gram-nega-
tive focus [20, 21]. Alternatively, exogenous contamina-
tion may occur within the intraoperative environment
as a result of contaminated instruments, breaks in
aseptic technique or from members of the surgical
team. Studies conducted in our institution have shown
that potential HAI pathogens, both gram-positive and
gram-negative, are present in the air of the operating
room environment [14, 22]. As a result of these findings
a special effort is undertaken to ensure that implantable
biomedical devices are immediately covered upon re-
moval from sterile packaging so as to reduce the poten-
tial for intraoperative contamination.

The infecting dose required to produce a postopera-
tive surgical site infection has been determined to be in
the order of magnitude of 5.0 log10 colony forming units
or greater per gram of tissue [23]. This value was from
studies conducted in experimental animal models of
infection. The inoculum size, however, required to pro-
duce an infection is diminished when an inert foreign
body is present in the wound. It has been suggested that
100 microorganisms or less per gram of tissue may be
sufficient to produce a biomedical-associated infection
[24]. Unfortunately, patients presenting for surgery in
the year 2006 are often high-risk, exhibiting multi-or-
gan disease states and demonstrating varying levels of
anergy. Therefore, it is likely that patients with dimin-
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ished phagocytic cell function and poor wound healing
characteristics, such as in the diabetic patient, are at
higher risk for infection and that the microbial thresh-
old dose for producing a postoperative infection is less
well defined in this patient population.

48.4
Problematic Risk Factors Associated
with Surgical Site Infections

Multivariant analysis has been used to analyze the as-
sociation of two or more risk factors upon development
of surgical site infection. Table 48.2 identifies several
intrinsic (patient) and extrinsic (operation) factors
that may influence the risk of developing a surgical site
infection. While it is reasonable to assume that dimin-
ished nutritional status (severe-protein calorie malnu-
trition) may predispose one to development of a surgi-
cal site infection, it has been very difficult to assess the
benefit of nutritional supplementation on decreasing
the risk of SSI [5, 25–27]. The diabetic patient offers
another case in point. Previous scientific studies have
demonstrated that diminished leukocytic cell function
and poor wound healing occurs in patients with hyper-
glycemia [28–30]. Recent studies have documented the
relationship of hyperglycemia to infection in the criti-
cally ill patient population [31–33]. The risk factors as-
sociated with surgical site infection can be categorized
as either intrinsic or extrinsic.

Another area of continued controversy is the role
that Staphylococcus aureus nares colonization plays in
the development of a postoperative surgical site infec-
tion. Studies have documented the impact of preopera-
tive nares colonization of S. aureus on the subsequent
development of surgical site infections [34]. Mupirocin,
a topical antibiotic, has been shown to be effective for
eliminating S. aureus from the anterior nares of both
patients and healthcare professionals. The response to

Table 48.2. Intrinsic (patient) and extrinsic (operation) risk
factors that may influence the development of a surgical site in-
fection

Intrinsic factors Extrinsic factors

Patient gender Site of surgery
Patient age Surgical scrub
Nutritional status Surgical skin prep
Diabetes – hyperglycemia Hair removal
Smoking Duration of surgery
Severity of disease – ASA score Perioperative prophylaxis
Immunocompetence OR ventilation
Weight Drains and packs
Presence of other infections Surgical attire and drapes
Microbial colonization Surgical technique
Duration of preoperative stay Poor hemostasis
Perioperative hypothermia Dead space

Tissue trauma

this phenomenon has been the implementation of de-
colonization protocol for selected patients. A study uti-
lizing cardiothoracic patients has suggested that mupi-
rocin when applied preoperatively to the nares resulted
in reduced risk of SSIs [35]. However, a recent report
from a Veterans Administration Hospital quite clearly
demonstrated that the use of mupirocin to control en-
demic MRSA resulted in the recovery of MRSA S. aure-
us isolates exhibiting high level resistance to mupirocin
[36]. In addition, recent reports have documented that
mupirocin is only marginally effective in reducing
MRSA nasal colonization and infections within an en-
demic environment. The precise role for this com-
pound in the surgical patient population is yet to be de-
termined. Clearly, S. aureus carriage appears to be a
significant independent risk factor for surgical site in-
fection following selected surgical procedures; howev-
er, further studies are needed to assess the most effec-
tive and judicious use of mupirocin in surgical patients.
While it may be difficult to assess the relative impor-
tance of these intrinsic factors in the development of a
postoperative surgical site infection, it is prudent to
view each of these characteristics such as obesity,
smoking and even age as factors that may potentially
engender the risk of infection for our patients.

Several extrinsic factors have also been suggested as
contributing to the risk of surgical site infections. The
surgical site is an obvious factor since procedures in-
volving the gastrointestinal tract will expose the wound
to potential contamination involving a myriad of mi-
crobial population, while a breast biopsy will have a
much lower risk for contamination. Skin asepsis and
perioperative prophylaxis will be discussed in a sepa-
rate section since both of these issues merit careful con-
sideration when determining sentinel events that result
in an increase in surgical site infection rates. Ongoing
efforts to reduce the microbial burden in the operating
room are viewed as a priority among healthcare profes-
sions. Current standards that direct a minimum of 15
air changes per hour in the operating room indicate the
relative importance placed upon operating room venti-
lation as a potential risk factor for infection [37]. The
standards that address room ventilation as well as poli-
cies and procedures for the disinfection and steriliza-
tion of surgical equipment and devices have reduced
the iatrogenic sources of intraoperative contamination
[38]. The importance of surgical attire as a risk factor
for infection is a topic of some debate. The use of
gowns, gloves and masks actually plays a twofold role
in the operation room: (a) it protects the healthcare
worker from contamination by blood and body fluids,
and (b) it reduces the potential for microbial shedding,
which may contaminate the operative field or devices
inserted at the time of surgery [5]. Unlike the intrinsic
or patient risk factors, many of the extrinsic risk factors
influence the intraoperative level of microbial contami-
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nation. Efforts to reduce the level of microbial contami-
nation in the OR have been universally viewed as ap-
propriate and beneficial to reducing the overall risk of
postoperative infection. Finally, the cornerstone for
good surgical care resides with exquisite surgical tech-
nique and when coupled with judicious infection con-
trol practices results in reduced wound morbidity and
favorable patient outcomes.

48.5
Strategies for the Prevention
of Surgical Site Infections
48.5.1
Preoperative Skin Preparations

For over 100 years, surgeons, infectious disease experts
and other health professionals have recognized that in-
fections may be transmitted to patients within the oper-
ating room environment. Because of the luxurious na-
ture of the microbial flora colonizing the surface of the
skin, great attention has been paid to the surgical site
and several antiseptic agents are available for preopera-
tive disinfection of the incisional site. In general, preop-
erative skin preps should provide a broad spectrum of
activity against both gram-positive and gram-negative
bacteria. This is also true for agents that are used as
hand and forearm scrubs. Table 48.3 lists the three
agents currently used as surgical site preparations. Al-
cohol, chlorhexidine and iodine/iodophors all demon-
strate excellent activity against gram-positive bacteria
such as the staphylococci or enterococci. Alcohol dem-
onstrates the best antiseptic activity against gram-nega-
tive bacteria compared to chlorhexidine and iodine/io-
dophor. At our institution we require our patients to
bath the night before surgery with an antiseptic agent,
which in most cases involves using a chlorhexidine glu-
conate soap. This is done to reduce the microbial bur-
den on the surface of the body. While this may appear
prudent, there are however no scientific studies validat-
ing this practice as efficacious in reducing the incidence
of surgical site infections. Of all the various compounds
that are used as antiseptic agents in the OR, chlorhexidi-
ne gluconate has the greatest residual activity and is not
inactivated by blood or other body fluids [5].

Table 48.3. Antiseptic agents
currently available for pre-
operative surgical skin prep
(SSP) and surgical scrub (SS)

Agent Spectrum of activity Rapidity Residual Uses
GP GN FN VR

Alcohol E E G G Fast None SSP/SS
Chlorhexidine E G F G Moderate E SSP/SS
Iodine/iodophors E G G G Moderate Minimal SSP/SS
PCMX G F F F Moderate G SS
Triclosan G G P U Moderate E SS

GP gram-positive bacteria, GN gram-negative bacteria, FN fungi, VR virus, E excellent, G good,
F fair, P poor, U unknown, PCMX parachlorometaxylenol

Studies conducted in our laboratory using an FDA en-
dorsed protocol demonstrate that a 3-min surgical prep
with chlorhexidine results in at least 8 h of suppressed
growth on the surface of unexposed skin (unpublished
data). While chlorhexidine gluconate has been viewed
as most effective as a surgical skin-preparation at a
concentration of 4%, a recent clinical study has sug-
gested that a chlorhexidine gluconate impregnated
cloth at a concentration of 2% may be highly effective
at reducing the microbial skin burden of selected HAI
pathogens within a critical care patient population
[39]. Further studies are warranted to determine the ef-
ficacy of this unique device in reducing the risk of sur-
gical site infections. Likewise, aqueous alcohol at a con-
centration of 70–90% is germicidal against bacteria,
fungi and viruses [40]. However, a distinct problem as-
sociated with using alcohol solutions in the operating
room is the issue of flammability. Alcohol fires are dra-
matic when they occur and can be catastrophic within
the operating room [41]. Alcohol, chlorhexidine and
iodine/iodophors have also been formulated into surgi-
cal hand scrub solutions, and chlorhexidine in isopro-
pyl alcohol has been found to exhibit excellent residual
activity as a surgical hand scrub [42–45].

48.5.2
Antimicrobial Prophylaxis in Surgery

The perioperative use of antibiotic has become an essen-
tial standard of care for all operations or classes in which
it has been shown to reduce the rate of SSI [46, 47]. The
rules or principles governing the appropriate use of anti-
microbial prophylaxis include the following [48, 49]:

1. There is a probable risk of infection in the absence
of a prophylactic agent.

2. There is knowledge of the probable contaminating
flora associated with operative wound or organ/
space site.

3. The activity of the chosen prophylactic agent
should encompass the majority of pathogens likely
to contaminate the wound or organ/space site.

4. The prophylactic agent must be administered as a
dose which provides an effective tissue concentra-
tion prior to intraoperative bacterial contamina-
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tion. Administration must occur 30–60 min prior to
incision (usually with the induction of anesthesia).

5. The effective dose must be governed by the weight of
the patient. For example with the cephalosporins,
and patients weighing >70 kg, dosage should be
doubled.

6. If the surgical procedure lasts e 3 h, a single prophy-
lactic dose is usually sufficient. However, procedures
lasting >3 h require an additional effective dose.
Procedures in which there is rapid blood loss and/or
fluid administration will dictate more frequent dos-
ing. Postoperative prophylaxis is strongly discour-
aged; there is no evidence to suggest that multiple
doses are more efficacious at preventing postopera-
tive surgical site infections than a single effective
dose.

The first generation cephalosporin, cefazolin or the
2nd generation agent cefuroxime are frequently used as
prophylactic agents for many clean-contaminated op-
erations. In general, antimicrobial prophylaxis is dis-
couraged for elective clean surgical cases. However, pa-
tients with comorbid risk factors such as diabetes, obe-
sity or who are receiving concomitant immunosup-
pressive therapy may receive a single prophylactic dose
when undergoing an elective surgical procedure. Pa-
tients undergoing an elective operation involving the
distal gastrointestinal tract will usually receive one to
two doses of either cefoxitin or cefotetan (2nd genera-
tion agents) which provides broad-spectrum coverage
for any anticipated contaminants. The use of antibiotic
prophylaxis for the insertion of a biomedical device is
in general an exception to the clean surgery rule. Bio-
medical device-associated infections are often seen as
catastrophic and recalcitrant to traditional antibiotic
therapy; therefore administration of one to two periop-
erative antimicrobial doses is viewed as prudent in light
of the perceived risk. Patients unable to receive a cepha-
losporin because of previous hypersensitivity reactions
can be given either clindamycin or vancomycin for
gram-positive coverage or aztreonam as an alternative
for effective gram-negative coverage. Finally, vancomy-
cin should never be used as a routine agent for prophy-
laxis unless there is evidence of MRSA clustering on the
selected surgical service.

48.5.3
Administration of Blood, Oxygen and Normothermia
in the Surgical Patient

It has been widely reported that the administration of
blood perioperatively is associated with a twofold in-
crease in the surgical wound infection rate in patients
undergoing elective colon resection for cancer [50].
However, a closer examination of the data suggests that
the rationale for withholding whole blood or blood

products is fundamentally flawed since multivariate
analysis was not performed on a myriad of confound-
ing variables that may have influenced the study’s out-
come. Therefore, it is generally viewed as safe and ap-
propriate to administer whole blood or blood products
to patients during the intraoperative period.

Two recent multicentered studies have suggested
that the intraoperative use of 80% supplemental oxy-
gen followed by hyperoxia 2–6 h postoperatively re-
sults in a 50% reduction in the surgical site infection
rate in selected clean/clean-contaminated surgical pro-
cedures [51, 52]. Elevating the percentage of inspired
oxygen was viewed as beneficial for tissue perfusion
and neutrophil function. This is a provocative hypothe-
sis and while this technique may be viewed as some-
what avant-garde, the scientific foundation upon which
it is based is fundamentally sound and merits further
serious consideration by surgical practitioners.

Hypothermia in a surgical patient is defined as a
body core temperature <36.0°C (96.8°F). Conditions
and practices that contribute to surgical patient cooling
include:

Skin prep solution Thin gowns Body surface exposure
Cool operating

room table
Anesthesia Cold irrigation (IV)

fluids
Open wounds

Hypothermia alters the body’s ability to resist infection
and therefore preserving core body temperature has
been shown to reduce the risk of postoperative morbid-
ity due to infection. The earliest study to document the
relationship between hypothermia and SSIs was pub-
lished in 1996, documenting that patients undergoing
colorectal surgery with a mean intraoperative core
temperature of 34.7°C had a 12% infection rate com-
pared to 6% in the normothermia group [53]. Two re-
cent studies in clean and clean-contaminated surgical
cases clearly demonstrate that even mild hypothermia
was associated with an increased risk for surgical site
infections [54, 55]. These studies have suggested that,
regardless of the type of surgery, maintaining normo-
thermic temperatures (36.0–38.0°C) throughout the
peri-, intra- and immediate postoperative period im-
proves patient outcome by reducing morbidity due to
infection.

48.6
Classification of Surgical Site Infections

Surgical wounds are classified into four groups based
upon selected criteria developed by the National Acad-
emy of Science/National Research Council (NAS/NRC)
[56]. Class I or “Clean” wounds represent an uninfected
operative wound in which there is no inflammation and
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the hollow viscus sites such as the GI, urinary, respira-
tory or genital tract have not been breached. Clean
wounds are primarily closed with closed drainage.
Class II or “Clean-Contaminated” wounds may involve
controlled entry into the GI, urinary, respiratory or
genital tract in a manner where there is little or no con-
tamination. Elective procedures involving the orophar-
ynx, appendix or biliary tract are typical of Class II pro-
cedures providing no break in aseptic technique is en-
countered. Class III or “Contaminated” wounds involve
procedures in which there has been a major break in
sterile technique or there has been gross spillage of gas-
trointestinal contents. This classification includes:
open, fresh, accidental wounds in which there may be
evidence of acute inflammation. Finally, Class IV or
“Dirty-Infected” wounds involve perforated viscera,
tissues in which there is an existing infection, or trau-
matized devitalized tissues. In most cases, patients
with Class IV wounds are already receiving antimicro-
bial therapy.

While the NAS/NRC classification has been helpful
in defining which patients would benefit from antimi-
crobial prophylaxis, it does not provide us with stan-
dardized criteria for defining the site of infection. The
Centers for Disease Control and Prevention have devel-
oped the National Nosocomial Infection Surveillance
program, which utilizes standardized surveillance cri-
teria for defining surgical site infections. Surgical site
infections are now classified as either superficial incisi-
onal, deep incisional or organ space infection. Designa-
tion to one of three sites is defined as follows:

48.6.1
Superficial Incisional Surgical Infections

Any infection that occurs within 30 days postsurgical
procedure and involves only the skin or subcutaneous
tissue of the incision. In addition, at least one of the fol-
lowing must occur:

1. Purulent drainage from the superficial incisional
site with or without laboratory confirmation.

2. Microorganisms are recovered from culture of
tissue or fluid from the incisional site.

3. The wound is deliberately opened by the surgeon
because of one of the following signs or symptoms
of infection: pain or tenderness, swelling, redness
or heat.

4. Surgeon or attending physician renders a diagnosis
of infection.

Simple stitch abscesses, episiotomy wounds, infection
burn wounds or SSI that involve the fascia and muscle
layers are not defined as superficial SSIs.

48.6.2
Deep Incisional Surgical Site Infection

Any infection involving the deep soft tissues (fascia and
muscle layers) that occurs within: (a) 30 days postsurgi-
cal procedure provided no biomedical device has been
inserted, or (b) up to 1 year if a biomedical device has
been inserted and the infection appears related to that
device. In addition, at least one of the following must
occur:

1. Purulent drainage originating from the deep
incision.

2. Wound dehisces or is deliberately opened in
response to fever, localized pain or tenderness.

3. There is an abscess or other clinical evidence of an
infection of the deep incisional site.

4. A diagnosis of infection is made by the attending
physician.

When the infection involves both the superficial and
deep incision sites, the infection is reported as a deep
incisional. Any organ/space surgical site infection that
drains through the incision is reported as deep incisio-
nal.

48.6.3
Organ Space Surgical Site Infection

Any infection involving any part of the anatomy (organ
or cavity space) other than the incision that occurs
within: (a) 30 days postsurgical procedure provided no
biomedical device has been inserted, or (b) up to 1 year
if a biomedical device has been inserted and the infec-
tion appears related to that device. In addition, at least
one of the following must occur:

1. Evidence of purulent drainage from a drain posi-
tion through a stab wound into the organ space.

2. Recovery of bacterial from organ/space culture.
3. Evidence of abscess of infection of organ/space
4. A diagnosis of organ/space infection is made by

the attending physician.

Examples of the classification of site-specific organ/
spaces are presented in Table 48.4.

Table 48.4. Classification of site-specific organ/spaces for sur-
veillance of surgical site infections

Arterial/venous infection Eye (orbit) Meningitis
Breast abscess GI tract Myocarditis
Ear, mastoid Intracranial Oral cavity
Endocarditis Osteomyelitis Sinusitis
Endometritis Joint/bursa Spinal abscess
Upper respiratory tract Vaginal cuff
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48.7
Surveillance of Surgical Site Infections

Surveillance of surgical site infections is a sentinel
component of an overall infection control strategy that
involves collection, management, analysis and report-
ing of wound infection data in an effort to determine
baseline HAI rates, which are reported to surgeons in
an effort to reduce the surgical site infection risk. In the
development of a surgical site surveillance program the
overall goals must be clearly focused, addressing the
priorities and objectives of the healthcare institution’s
infection control program. The National Nosocomial
Infection Surveillance program has been an important
resource for: (a) identifying the role of sentinel patient
risk factors through stratification strategies, (b) estab-
lishing benchmark rates for specific surgical proce-
dures, and (c) providing a primary reference for precise
definitions of selected surgical site infections.

48.7.1
Predictors of Surgical Site Infections

Three categories have been established which are rec-
ognized as accurate predictors of surgical site infec-
tions. First, the level of potential microbial contamina-
tion of the surgical site during the intraoperative peri-
od is an important variable when assessing the relative
risk of an SSI. This was briefly discussed in an earlier
section and essentially involves classifying the surgical
procedures based upon the NAS/NRC definitions of
clean, clean-contaminated, contaminated and dirty.
The second predictor is the duration of the operative
procedure and the final predictor is the physiologic sta-
tus of the host as measured by the ASA (American Soci-
ety of Anesthesiology) score [57].

These three predictors in essence provide a risk in-
dex that is operation specific. The index ranges from 0
to 3 and is derived through assigning points based up-
on the following:

1. One point is assigned when the ASA score is & 3;
the ASA score ranges from 1 to 5 with a score of 1
defining a normally healthy patient, while a score
of 5 is reflective of a patient who is not expected to
survive for 24 h

2. One point is assigned whenever the operation is
classified as either a “contaminated” or a “dirty”
one based upon the NAS/NRC classification
scheme.

3. One point is assigned if the surgical procedure lasts
greater than a defined time interval, reflective of
the 75th percentile durational period of the specific
operation being performed.

Therefore, a patient with a risk index score of 0 would
by definition have the lowest risk of infection for the

specific surgical procedure. On the other hand, a score
of 3 would place the patient within the highest risk cate-
gory for that specific operation.

48.7.2
Surveillance Strategies

One of the weaknesses of the current surveillance pro-
gram in US hospitals is that our data collection strate-
gies are based upon reviewing inpatient surgical proce-
dures. In our own institution, over 40% of surgical pro-
cedures are performed in the outpatient or ambulatory
environment. This percentage is growing daily and
presently in many communities there are free-standing
facilities both pubic and private that exclusively per-
form outpatient surgeries. This has created a dilemma
in the infection control communities; how do we best
target our surveillance efforts in the current healthcare
environment? In addition, most of the operations upon
which the NNIS benchmark data is based involve data
derived from traditional surgical (open) procedures.
Rapid advances in the field of laparoscopic surgery
within all of the surgical professions are not reflected
within the NNIS data pool. Therefore, few if any bench-
mark rates are currently available for minimally inva-
sive surgical procedures. This deficiency is currently
under study; however, it will be several years before our
surveillance teams have stratification rates reflective of
these new minimally invasive technologies.

48.7.3
Inpatient Surveillance

Few if any healthcare facilities have the luxury of time,
personnel and monetary resources to indulge in global
surgical site surveillance. Many institutions practice a
“targeted” type of surveillance of selected surgical pro-
cedures which may in part be based upon: (a) knowl-
edge of surgical procedures performed upon high-risk
patient populations, (b) concerns associated with se-
lected surgical techniques (biomedical implantation),
and (c) recognition of increased incidence of infection
in selected patient or procedure specific populations
[58]. Table 48.5 reports the surgical procedures cur-
rently selected for surveillance with our institution in
2000 and 2005. Selected surgical procedures are added
or deleted from surveillance based upon volume, in-
trinsic risk of patient population, and prior history of
surgical site infections. While “targeted” surveillance
may address the historical or current infection trends,
care must be taken so that no clusters or outbreaks are
overlooked within those non-selected surgical proce-
dures. It is also prudent to design your surveillance
strategies so that a broad band of surgical disciplines
are included in the census. Finally, flexibility is an in-
herent characteristic of a successful program since re-
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Table 48.5. Surgical procedures selected for surveillance at Fro-
edtert Memorial Lutheran Hospital, 2000 and 2005

Procedures Operation
cutpoint (h)

2000 2005

Abdominal hysterectomy 2 Yes Yes
Hernia repair with mesh 2 Yes No
Gastric bypass 4 Yes Yes
Coronary bypass (chest) 5 Yes Yes
Coronary bypass/valves 5 No Yes
Valve replacement 5 No No
Cesarean section 1 Yes Yes
Colon surgery 3 Yes Yes
Craniotomy/craniectomy 4 Yes Yes
Vascular surgery 3 Yes Yes
Fusion – cervical with implant 4 No Yes
Fusion – lumbar with implant 4 Yes Yes
Fusion – thoracic with implant 4 No No
Hip replacement 2 Yes Yes
Knee replacement 2 No Yes
Kidney/pancreas transplant 7 Yes No
Liver transplant 7 Yes No

sources may have to be rapidly shifted in response to a
dynamic change in surgical site infection rates, albeit
service or procedure selected.

The preferred method as documented in the surgi-
cal literature for identifying a surgical site infection is
direct observation of the surgical site by a trained prac-
titioner. Infection control personnel (ICP) should be
regular visitors to the clinical wards or units since visi-
bility is essential for promoting trust and collegiality. It
is also possible at this time for the ICP to interact with
the attending physician and nursing staff or answer
questions relative to specific policy or procedures. Also
a visible presence in the patient care areas allows the in-
fection control staff to observe sentinel infection con-
trol practices such as hand washing or adherence to
isolation policies. Often the ICP is viewed as the har-
binger of bad news rather than a colleague who is avail-
able as a clinical resource. Surgical site infections rep-
resent an adverse outcome that may upon reflection
have been prevented. Direct observation is also benefi-
cial since it allows the ICP to observe whether appro-
priate wound care practices are being used.

While direct observation represents the “best” of in-
fection control practices, much of the data reported
within the infection control literature is actually de-
rived from indirect case-finding studies. Indirect mea-
surements are represented by chart reviews, daily re-
view of laboratory reports, pharmacy reports and
“curbside” discussions with healthcare professions. Es-
sentially any clinical resource is available for indirect
audit; however, many of these strategies are stagnant in
time since infections detected retrospectively after the
patient has been discharged often leave a “cold trail” es-
pecially if the infection falls outside of a traditional
cluster. Sorting out all of the potential intrinsic and ex-
trinsic variables that may contribute to a surgical site

infection after the patient has been discharged often
leads to more questions than answers, if not inconclu-
sive findings. Regardless of the surveillance strategy,
institutions that utilize NNIS benchmarks tend to col-
lect similar data such as date of operation, NNIS opera-
tive procedure category, surgeon and patient identifier,
the usual patent demographics, duration of operation,
wound class, ASA score, discharge date, etc.

48.7.4
Postdischarge and Outpatient Surveillance

Several studies have suggested that between 12% and
84% of SSIs can be detected after the patient has been
discharged from the hospital [59, 60]. This creates a
problem for most hospital-based infection control pro-
grams, especially if postdischarge follow-up occurs at a
site remote to where the original operation was per-
formed [61]. It would not be heretical to suggest that
even the most diligent of infection control programs
likely fails to capture anywhere from 25% to 40% of
their surgical site infections, the majority of which are
probably superficial incisional site infections. It is in-
teresting to note that institutions which emphasize the
use of clinical pathways to manage the routine “clinical
continuum” are experiencing shorter hospital stays for
selected procedures than hospitals relying upon tradi-
tional order and patient care directives. It is ironic that
in an effort to improve the efficiency and quality of pa-
tient care, we are omitting significant outcome data for
surgical patients. Several strategies have been pro-
posed for capturing postdischarge data that include re-
mote reviewing of clinic charts, and physician and/or
patient surveys utilizing the mail or direct telephone
contact. It is unsettling to contemplate that the credibil-
ity of an institution’s surgical site surveillance program
could possibly rest squarely upon the shoulders of a pa-
tient population that is required to assess their own
wounds for infection [62].

One investigator has proposed that “electronic sur-
veillance” of pharmacy records within an integrated
health information system may offer the best possibili-
ties for tracking surgical site infections after the patient
has left the hospital [63]. At present, even under the
best of scenarios, surveillance strategies that rely upon
questionnaires or telephone surveys are probably fail-
ing to capture anywhere from 15% to 60% of infections
postdischarge [64, 65]. It is evident that leadership is
needed in this arena since at this time the CDC and oth-
er professional bodies can offer no clear guidance re-
garding which detection method should be used for
postdischarge or outpatient surveillance. It is possible
that future efforts may be focused on selecting a few
“targeted” surgical procedures which are then intensely
monitored with the result of this surveillance used to
interpolate (indicator) the overall quality of the com-
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bined surgical services within the institution. While
this approach may have several potential minefields, it
may come to pass that selecting a few key surgical pro-
cedures with sufficient statistical power coupled to
electronic surveillance may, in fact, be a plausible way
to assess surgical site infection rates in the postdis-
charge and outpatient environments.

48.8
Some Final Thoughts on Wound Management
and Infection Control Practices

The basic principles of effective surgical wound man-
agement are also grounded in appropriate infection con-
trol practices. It has long been recognized that the pres-
ence of necrotic debris in the wound can facilitate the
growth of microorganisms [66]. Abscesses should be
drained and any sinus tract excised. The principle that
wounds that are kept moist, heal better than wounds left
open has been a source of constant debate. When caring
for the wound the clinical practitioner must avoid at all
cost any contamination between themselves, other pa-
tients or multiple wounds on the same patient. All dis-
posable or contaminated material must be placed in an
appropriate labeled (biohazard) container [67].

Infection control practices vary widely between in-
stitutions. The use of sterile gloves and aseptic tech-
nique is well documented for the prevention of wound
sepsis during the postoperative period. The Centers for
Disease Control and Prevention has suggested that
sterile gloves be used for the first 24 h of incisional care.
However, no specific glove recommendations are of-
fered for the management of postoperative wounds be-
yond this period. A recent survey found that nurses in
acute care facilities were more likely to wear sterile
gloves when managing postoperative surgical wounds
beyond the 24-h postoperative window [68]. The use of
chemically clean versus sterile gloves for managing
wounds has emerged as a major discussion point pri-
marily because of the issue of cost. The use of chemical-
ly clean but nonsterile gloves has been shown within
our institution to be a major cost saving over sterile, in-
dividually wrapped surgical gloves. The impact of this
strategy on infection control practices within an insti-
tution is debatable and subject to individual interpreta-
tion. Whether or not sterile or chemically clean gloves
are used when caring for an open wound is likely de-
pendent upon the type of wound or clinical setting.
Sterile technique is indicated when managing wounds
in immunosuppressed patients or open surgical
wounds involving exposed organ/space sites.

There are at present several emerging technologies,
which may impact upon infection control practices by re-
ducing the potential for wound colonization/contamina-
tion in acute wounds. This includes the use of dressings

that attempt to manipulate the biology of the wound and
thereby accelerate normal wounds, which will have mea-
surable infection control benefits. Another strategy has
been the incorporation of antimicrobial or antiseptic
substances into the matrix of the wound dressing. The in-
corporation of selected metals with antiseptic activity
such as silver has potential intrinsic value in reducing
wound contamination postoperative wounds such as
sternal incisions. The ideal strategy might involve appli-
cation of an active dressing that exhibits antiseptic prop-
erties while stimulating the activation of various cell
types such as neutrophils or macrophages within the
wound itself, thereby augmenting both the native inflam-
matory and maturation processes that occur as part of
normal wound healing. Finally, over the past 15 years nu-
merous antiseptic technologies have been applied to se-
lected biomedical devices (central lines, Foley catheters,
shunts, etc.), documenting a reduced risk for selected
HAI in high-risk patient populations. This strategy has
recently been applied to a surgical suture in an effort to
reduce the risk of surgical wound infection [69]. Triclo-
san, a broad-spectrum antiseptic agent, has been applied
to the surface of a selected braided suture, inhibiting the
adherence of staphylococci to the surface of that device.
The presence of a safe, antiseptic device within the
wound bed has great appeal, especially in those surgical
procedures where the risk of wound contamination is
high [70, 71]. While innovative technology can play an
important role in risk reduction, it should in all likeli-
hood be an adjunctive component of a comprehensive
strategy based upon the following surgical cornerstones,
timely and appropriate antimicrobial prophylaxis, effec-
tive skin antisepsis and exquisite surgical technique.

It is obvious that the morbidity and mortality asso-
ciated with surgical site infections has had an impact
not only on patient care but also on those infection con-
trol practices that attempt to limit or reduce the acqui-
sition/dissemination of HAI pathogens within the hos-
pital environment.
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49Severe Soft Tissue Infections:
A Syndrome-Based Approach
A. Sitges-Serra

49.1
Introduction

Severe soft tissue infections (SSTI) rank among the
most common and potentially dangerous infections
that can be acquired either in the community or in the
hospital. Community-acquired SSTI may occur in pre-
viously healthy people but most often are diagnosed in
immunocompromised patients, in patients with ad-
vanced cancer, with diabetes, receiving steroids or with
AIDS. Diabetic patients are particularly susceptible to
SSTI acquired at home probably as a result of tissue is-
chemia secondary to micro- or macroangiopathy.
Healthy individuals may develop SSTI either spontane-
ously, after trauma or after insect or animal bites. SSTI
developing in hospitalized patients often represent a
postoperative complication, particularly of emergency
operations, in patients with severe trauma, intra-ab-
dominal infections or vascular disease. Patients under-
going solid organ transplantation may also develop in-
sidious and severe infections of the soft tissues, for ex-
ample, mucormycosis. Finally, bed-ridden patients
may develop SSTI complicating decubitus ulcers.

49.2
Depth of Infection and Time Evolution

There are several well-characterized clinical syn-
dromes revealing the presence of an SSTI. These should
be familiar to all practitioners dealing with ill patients
since appropriate recognition and early treatment may
be live saving or, at least, may prevent the development
of severe systemic complications. For this reason, SSTI
will be presented in this chapter as separate clinical
syndromes characterized by four fundamental param-
eters: the presence of systemic symptoms, the macro-
scopic appearance, the depth of microbial invasion (as-
sessed by physical examination and/or surgical explo-
ration) and the time from onset to overt disease. These
are the most useful clinical guides helping the clinician
in making a good differential diagnosis and appropri-
ately treating SSTI. In particular, clinicians should be
able to recognize the layer or layers of soft tissue in-

volved: the skin, the fatty subcutaneous tissue, the mus-
cular fascia and the muscle itself. In addition, an appro-
priate assessment of the tempo (a musical term used to
designate the speed and brio that should be employed
to interpret a score) of the infection is also of para-
mount importance. Many SSTI progress quite rapidly
and may cause serious systemic complications if thera-
py is not instituted early enough.

49.3
When Should a Severe Soft Tissue Infection
Be Suspected?

Mild dermal and subdermal infections are rather com-
mon in primary care and are usually the result of minor
trauma (superficial wound infections, puerperal masti-
tis, paronychia) or may develop into abnormal anatom-
ical structures (pilonidal sinus, omphalitis, perianal
abscess). These are well-circumscribed suppurative le-
sions that respond to standard therapy with oral antibi-
otics and/or surgical drainage. These minor common
infections are to be distinguished from the most severe
forms that may either complicate an apparently super-
ficial infection in an immunocompromised host or
start de novo with an aggressive clinical picture. When
examining a patient with a soft tissue infection, there
are several hints that should lead the clinician to sus-
pect that he or she is dealing with an SSTI rather than a
mild one. These can be summarized as follows:

49.3.1
Systemic Symptoms

High fever, tachycardia and prostration are often found
in patients with SSTI such as streptococcal gangrene,
necrotizing fasciitis or gas gangrene. In addition, these
patients may progress rapidly to septic/toxic shock and
die within a few hours no matter what treatment they
receive.
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49.3.2
Skin Lesions: Necrosis or Bullae

The presence of skin lesions, particularly of bullae or
necrosis, is typical of some syndromes of SSTI such as
necrotizing cellulitis or severe Streptococcus pyogenes
infections. Necrotic tissues are often gray to black col-
ored, do not bleed and are not painful when incised
with a scalpel. Bullae are also found in some SSTI and
in these cases the skin lesion usually reveals a deeper
involvement.

49.3.3
Crepitation

Crepitus is a typical sign of SSTI due to gas-producing
microorganisms. Once mechanical causes of crepita-
tion are ruled out (lung lesion, magnesium salts, acci-
dental subdermal air injection), infection is the most
probable cause of this ominous sign. Crepitation is not
a pathognomonic sign of Clostridium spp. infections
since it can also be observed in infections due to gas-
forming Enterobacteriaceae such as E. coli (i.e., crepi-
tant cellulitis). A mixed flora producing necrotizing
fasciitis causes subcutaneous crepitation in roughly
25% of cases.

49.3.4
Progressing Disease

Skin lesions that do not heal after an “appropriate” ini-
tial treatment characterize some SSTI. A non-healing
perineal incision after debridement of a seemingly ba-
nal perianal abscess may signal the presence of a necro-
tizing fasciitis due to a mixed enteric flora, particularly
in diabetic or immunocompromised patients. In other
circumstances, as happens in cases of Meleney’s syner-
gistic gangrene, necrosis progresses and the lesion
tends to expand centrifugally despite a seemingly ap-
propriate antibiotic therapy.

49.3.5
Absence of Pus

From the Hippocratic empiric days to the days of Am-
broise Paré in the sixteenth century, suppuration of a
wound was considered an essential phase of the normal
healing process and regarded as a good prognostic sign
(pus bonum et ludabile). Time has proved that surgeons
of the classical period were essentially right since most
SSTI are not associated with the production of pus. In-
stead, they are characterized by the presence of a gray
or brown fluid discharge that in the case of Clostridium
spp. infections or mixed infections with anaerobic
gram negative bacilli is typically foul smelling.

49.4
Physical Exploration

Adequate assessment of the extension and depth of an
SSTI cannot be achieved if the lesions are not thor-
oughly explored. If there is not a preexistent surgical
wound and surgical drainage is not indicated, soft tis-
sue infections are explored superficially. Tenderness,
edema and dermal necrosis should be looked for. If
present, crepitation is a revealing sign of the severity of
a soft tissue infection. If SSTI arise in a preexistent sur-
gical wound or if surgical drainage is indicated, a thor-
ough exploration is mandatory. Inspecting a wound
should be carried out with sterile gloves. Stitches must
be removed. The wound margins should be opened
wide and the color and consistency of the fatty tissue
noted. Necrotizing cellulitis is characterized by a gray-
ish to black discoloration of the subcutaneous fat. The
index finger should be used to look for separation of
the subcutaneous fat from the muscular fascia, an omi-
nous sign typical of necrotizing fasciitis. Gentle lateral
pressure with the fingertip is exerted deep in the
wound. If the tissues do not offer resistance, the gloved
finger easily dissects the plane existing between the
subcutaneous fat and the muscle. Muscle state should
be assessed by opening the fascia. There may be mas-
sive muscular edema with a compartmental syndrome
and then the muscle herniates through the fascial inci-
sion. This happens preferentially in whole-thickness
Group A streptococcal infections (often called strepto-
coccal “gangrene”). In cases of muscle necrosis (clos-
tridial myonecrosis), the muscle appears gray instead
of pink red and does not bleed when cut.

In all circumstances, physical exploration of an SSTI
should reach the limits of the lesion until healthy tis-
sues are found. This is an essential part of the surgical
treatment of SSTI. Failure to identify the limits of the
infection also means failure to actually debride and ex-
cise all the infected or necrotic tissue, a common cause
of treatment failure.

49.5
Microbiology and Pathogenesis

Many microorganisms may cause SSTI. The gram-posi-
tive cocci S. aureus and Str. pyogenes rank among the
most commonly involved bacteria. S. aureus is usually
implicated in less severe forms of tissue infections
above the diaphragm such as puerperal mastitis, an-
thrax or paronychia, but it is also commonly involved
in more severe lower limb infections in old people and
in diabetics, often as the MRSA variant. In immuno-
compromised hosts, it may cause pyomyositis or exten-
sive soft tissue infections as a result of surgical wound
or catheter site infections (“tunnelitis”). Str. pyogenes is
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responsible for relatively minor superficial infections
(impetigo, erysipelas) but is also responsible for whole-
thickness extremely SSTI in previously healthy individ-
uals, in surgical wounds, in limbs with lymphedema
and in neutropenic patients. Other gram-positive cocci
involved, mostly in infections developing after animal
or human bites, are the anaerobic streptococci (pepto-
streptococci) and Str. viridans. The particularly viru-
lent association of anaerobic or microaerophilic strep-
tococci with S. aureus was originally reported by Frank
Meleney [1] as the cause of one of the most representa-
tive SSTI: progressive synergistic gangrene.

A mixed flora involving enteric bacteria (B. fragilis,
Enterobacteriaceae, E. faecalis) is often found in necro-
tizing infections arising in the perineal area due to anal
or urogenital disease. Other gram negative non-fer-
menting bacilli may be recovered from SSTI. Dog bites
may be occasionally complicated by Capnocytophaga
canimorsus infection. P. aeruginosa may be recovered
from mixed necrotizing infections.

Anaerobic gram-positive bacilli of the genus Clos-
tridium (C. perfringens, C. septicum, C. novyi) are both
involved in severe suppurative infections or as part of a
mixed enteric flora causing necrotizing fascitis and in
gas gangrene, a fulminant, predominantly muscular,
highly lethal necrotizing infection.

Finally, fungus of the order Mucorales are involved
in whole thickness infections in severely immunocom-
promised hosts, usually receptors of solid organ trans-
plantation.

The pathogenesis of SSTI is multifactorial. The three
most important determinant factors influencing the
clinical manifestations and the time evolution are the
following:

49.5.1
Intrinsic Virulence of the Microorganism: Toxic Shock

Some of the bacteria involved in SSTI are extremely vir-
ulent due to their having exotoxins that can trigger
both a systemic inflammatory reaction and a local dev-
astating disease due to extensive and rapidly spreading
inflammation and superimposed ischemia due to vas-
cular compression or thrombosis. Apparently superfi-
cial or even occult skin infections (up to 20% of cases)
due to Str. pyogenes or S. aureus may cause a severe sys-
temic response characterized as the toxic shock syn-
drome. Patients are profoundly ill and may develop
sudden shock and rash associated with multiorgan fail-
ure, particularly acute renal failure. Other clinical find-
ings include fever, diffuse macular erythroderma and
desquamation.

Some Group A Str. pyogenes secrete potent pyrogen-
ic exotoxins that play a major role in the pathogenesis
of toxic shock. The production of these exotoxins is en-
hanced by the M protein, also an inhibitor of phagocy-

tosis. The spe exotoxins exert their effects in two ways:
they stimulate mononuclear cells and they interact with
T lymphocytes as “superantigens,” namely, antigens
that do not require pre-processing by monocytes and
bind directly to the major histocompatibility complex
class II molecules on the surface of T cells. This occurs
in a much higher proportion of T cells (5–20%) than
would happen in a regular pre-processed antigen pre-
sentation. Clonal proliferation of this large T-cell sub-
set results in the massive release of lymphokines. As a
consequence of mononuclear and T-cell activation,
production of TNF- [ and q , IL-1, IL-2 and IL-6 is trig-
gered, resulting in multiple organ dysfunction and
shock [2, 3].

49.5.2
Tissular or Environmental Factors

Good tissue perfusion is an essential component of the
local defense mechanisms preventing bacterial prolif-
eration and invasion by providing the necessary ele-
ments to support the in situ antibacterial response: leu-
kocytes, macrophages, complement, nutrients and oxy-
gen. Tissue ischemia is an essential determinant factor
for invasive Clostridium spp. infections and infections
complicating ischemic limbs, particularly in the dia-
betic patient. Gas gangrene almost always develops on
necrotic and devitalized tissues resulting from severe
trauma, vascular disease, inappropriate surgery or un-
resected gangrenous bowel. More rarely, clostridial
myonecrosis may develop spontaneously due to C. sep-
ticum bacteremia arising from an unsuspected colonic
cancer [4] or minor injuries such as intramuscular in-
jections. Once Clostridium spp. proliferate in the ische-
mic tissues, they release many potent exotoxins such as
lecithinase, which destroys cell membranes and causes
hemolysis and diffuse tissue damage, or ’ -toxin, which
seems to be the main factor responsible for muscle tis-
sue necrosis.

Foreign bodies facilitate the proliferation of bacteria
within the biofilm formed on their surfaces that, in ad-
dition, protects the microorganisms from local host de-
fenses. Prosthetic materials or foreign bodies in close
contact with the bowel may induce bacterial transloca-
tion through local inflammation of the intestinal wall
[5] Thus, in some circumstances foreign materials may
be the main trigger of an SSTI initiated in deep tissues
or cavities.

Defective lymphatic drainage is a well-known tissue
factor increasing the susceptibility to infections. Str.
pyogenes, in particular, shows a marked preference for
edematous limbs (arm edema after mastectomy, lower
limb edema and ulcer due to venous insufficiency).

Obesity may also play a major role in favoring bacte-
rial proliferation in the relatively hypovascularized fat-
ty tissue. In addition, SSTI may be more difficult to
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Table 49.1. Associated conditions which may impair the in-
flammatory response and facilitate the origin and spreading of
soft tissue infections

Treatment with steroids
Treatment with immunosuppressors
Disseminated cancer
AIDS
Organ transplantation
Neutropenia
Chemotherapy
Polytrauma
Multiorgan failure
Diabetes mellitus
Old age

eradicate in obese individuals for obvious anatomical
reasons.

49.5.3
The Host Factor

Patients with a blunted inflammatory/immune re-
sponse (Table 49.1) are at high risk of developing an
SSTI even after a minor injury or as a complication of a
superficial infection (i.e., perirectal abscess, phlebitis,
appendectomy wound). Absence of a cellular and hu-
moral immune and inflammatory response at the site
of a primary infection results in failure of the host to
circumscribe the septic focus, rapid spreading of bacte-
ria and impressive skin lesions. Patients with neutrope-
nia or on high-dose steroids may harbor a spontaneous
or postoperative SSTI with few, if any, local inflamma-
tory changes.

49.6
Initiating Factors
49.6.1
Spontaneous Infections

Absence of a definite, clinically obvious, portal of entry
is not uncommon for necrotizing fasciitis, pyomyositis
or severe streptococcal infections. In some of these
cases minor breaches allowing bacteria to penetrate the
tissues can be identified such as perianal fistula, prosta-
titis or minimal dermal abrasions on the upper or lower
extremities. In necrotizing perineal infections, anal,
urological or genital disease is the usual responsible
cause of the infection. A perirectal abscess, as the initial
septic focus, is involved in about 50% of cases [6]. Nec-
rotizing fasciitis of the neck region, potentially extend-
ing to the mediastinum, is usually secondary to a pro-
tracted dental infection involving the second or third
mandibular molars or to a progression of a retropha-
ryngeal abscess secondary to trauma [7]. Exceptionally,
even gas gangrene may occur without an apparent focus
in patients with colonic malignancies (see below).

49.6.2
Postoperative Infections

Almost all syndromes of SSTI can develop in surgical
wounds. Severe streptococcal infections may compli-
cate minor surgical interventions such as meniscecto-
my or herniorrhaphy. Gas gangrene may occur after
surgery of the appendix, small bowel or colon. Necrotic
bowel left in situ and conservative limb amputation for
ischemic vascular disease are two of the procedures
that carry a higher risk of postoperative gas gangrene.
Necrotizing fasciitis can follow abdominal surgery, of-
ten of the septic type, mostly in debilitated and diabetic
patients.

49.6.3
Post-traumatic Infections

SSTI often follow complex trauma of the extremities or
trauma involving the abdominal viscera. Clostridial
myonecrosis was once the paradigm of this syndrome
and was responsible for many deaths, particularly fol-
lowing war injuries. Modern trauma management, in-
cluding broad spectrum antibiotic therapy and early
excision of all devitalized tissues, has almost eliminat-
ed this dreaded infection. In the late 1970s, however, it
was still the first cause of gas gangrene in a referral unit
[6]. Insect or dog bites may cause Meleney’s gangrene
in healthy individuals. Dog and human bites are also a
well known antecessor of SSTI due to the very high bac-
terial colonization of the oral cavity in which anaerobes
outnumber aerobes by 1/103–106.

49.6.4
Drug Abuse

An increasing number of cases of SSTI, usually of the
upper extremities, are observed in parenteral drug
abusers with or without AIDS. These may present ini-
tially as a local subcutaneous abscess that may lead the
clinician to ignore a deeper infection involving the fas-
cia and muscle. Mortality in this type of patients can be
as high as 20% [8].

49.6.5
Fistula Arising from the Gastrointestinal Tract

Colonic cancer, acute appendicitis and sigmoid diver-
ticulitis may give rise to a necrotizing infection as a first
clinical manifestation. This is preceded by inflammato-
ry adhesion to the abdominal wall and fistulization of
the bowel lumen to the muscles and subcutaneous fat of
the lower abdomen, the groin or even the upper third of
the thigh if the infection follows the plane of the psoas
muscle [9].
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49.7
Classification, Etiology and Management
of the Main Clinical Syndromes

There have been numerous attempts to classify SSTI to
help clinicians better diagnose and treat these disor-
ders. Some authors have used a microorganism-based
approach but this is not entirely satisfactory since some
SSTI syndromes are due to a specific bacterium (i.e.,
streptococcal severe infections or clostridial myonec-
rosis) while others are not (Meleney’s gangrene, necro-
tizing fasciitis). In Table 49.2 we put forward a classifi-
cation that combines depth of infection (layer or layers
predominantly affected) with the time course. Some
bacteria-specific syndromes such as pyoderma gangre-
nosum due to P. aeruginosa, carbuncle due to B. anthra-
cis or erysipeloid will not be discussed.

49.7.1
Cellulitis (Dermal and Subdermal Infections)

Group A Streptococcus pyogenes is a relatively common
cause of less severe cellulitis (erysipelas) which is easily
diagnosed on the basis of a typical clinical picture (high
fever, erythema and pain) and responds to penicillin
therapy (4 million units/4 h). Streptococcal cellulitis
should be differentiated from S. aureus purulent infec-
tion. Presence of regional enlarged nodes and systemic
symptoms (high fever and malaise) with a short incu-
bation period are most often found in streptococcal in-
fections. Blisters or bullae can also be found although,
in our experience, these are more characteristic of
whole-thickness streptococcal infections (Fig. 49.1).

Suprafascial SSTI are represented mainly by three
major syndromes: necrotizing cellulitis, crepitant cel-
lulitis and Meleney’s gangrene.

Necrotizing cellulitis is a rare rapidly progressing
skin and subcutaneous fat necrosis usually due to a
mixed flora involving Enterobacteriaceae, gram posi-
tive cocci, Bacteroides spp. and even Clostridium spp. It

Table 49.2. A classification of severe soft tissue infections based
on the depth of infection and the time course

Rapid (<72 h) Subacute (<7 days)

Skin and
dermis

Erysipelas Meleney’s gangrene
Necrotizing cellulitis (progressive syner-

gistic gangrene)
Crepitant cellulitis

Fascia Necrotizing fasciitis Necrotizing fasciitis

Muscle Gas gangrene Pyomyositis
Post-traumatic
Postoperative
Spontaneous

All layers Gas gangrene Diabetic foot/leg
Streptococcal gangrene Mucormycosis

Fig. 49.1. Whole thickness Streptococcus pyogenes infection af-
ter local trauma. The patient was treated with debridement,
penicillin and clindamycin

is characterized by necrosis of the deep fatty subcuta-
neous tissue layer progressing centrifugally and to the
skin. Dermal involvement is seen with patchy areas of
necrosis and erythema. There is no necrosis of the un-
derlying fascia or muscle. Severe toxicity is the rule and
the disease usually runs a rapid and fatal course. It has
been reported as a postoperative complication of dif-
ferent surgical procedures often involving the abdomi-
nal wall (cholecystectomy, colectomy, hysterectomy). It
can also involve the extremities as a result of trauma.
Wide spectrum antibiotic therapy (i.e., piperacillin-ta-
zobactam 12 g/day plus vancomycin 500 mg/8 h) needs
to be instituted immediately and appropriate samples
for culture obtained as soon as possible. Extensive exci-
sion of the skin and subcutaneous tissue needs to be
carried out leaving exposed wide fascial surfaces re-
quiring a local treatment similar to that of infected
burn wounds after scar excision.

Crepitant cellulitis is usually due to gas-forming E.
coli, Streptococcus spp., Bacteroides fragilis or Clostridi-
um spp. The hallmark of this syndrome is absence of
skin lesions in a febrile patient with local tenderness
and crepitation. These are most commonly found in:
(1) surgical wounds of the abdomen, and (2) in lower
limbs of diabetic patients [10]. Deeper microbial inva-
sion should be ruled out and a gram stain of the exu-
date may help to establish the diagnosis between clos-
tridial and non-clostridial crepitant cellulitis. Treat-
ment consists of antibiotics, debridement and, eventu-
ally, limb revascularization or amputation.

Meleney’s synergistic gangrene is a form of progres-
sive subacute necrotizing cellulitis characterized by an
enlarging wound which demarcates into three zones
(Fig. 49.2): a wide peripheral zone of erythema sur-
rounding a tender purple zone, the center of which be-
comes black and necrotic with subsequent ulceration
(Meleney’s “ulcer”). There may be no or little systemic

49.7 Classification, Etiology and Management of the Main Clinical Syndromes 525



Fig. 49.2. Meleney’s gangrene around a radial arterial catheter
skin entry site in a patient with head trauma treated with high-
dose steroids. Culture grew Enterococcus faecalis

toxicity. In healthy people, SSTI may be caused by in-
sect or dog bites. Meleney’s gangrene may also compli-
cate a surgical or a venipuncture wound. From the bac-
teriological point of view, Meleney’s ulcer usually re-
sults from the synergistic action of an anaerobic or
microaerophilic microorganism with an aerobic one. A
characteristic combination is that of Peptostreptococcus
with S. aureus, but Enterobacteriaceae and other anaer-
obes may also be involved. Meleney’s ulcer enlarges in
a period of days and may not respond to antibiotic ther-
apy if the central necrosis is not excised. The muscle
fascia is usually preserved. Decubitus ulcers typically
evolve to Meleney’s gangrene when they get infected.
They enlarge progressively uncovering large surfaces of
the affected body areas. Debridement of the necrotic
and “purple” zones is essential to stop the progression
of the skin and subcutaneous fat necrosis.

49.7.2
Necrotizing Fasciitis

In some studies, severe streptococcal infections are of-
ten included under this heading. For example, Bisno
and Stevens [3] term as necrotizing fasciitis type 2, the
whole-thickness infections due to Group A streptococ-
cus, whereas they classify as necrotizing fasciitis type 1
those mixed infections with predominance of anaer-
obes and enteric bacteria characterized almost exclu-
sively by fascial necrosis. In a historical paper, Rea and
Wyrick [11] described as necrotizing fasciitis those in-
fections caused mostly by hemolytic streptococci and
S. aureus. In more recent studies, however, the term
necrotizing fasciitis has been reserved preferentially
for mixed infections associated almost exclusively with
fascial necrosis and subcutaneous undermining in con-
nection with trauma, surgery or originating spontane-
ously around the oral or perineal areas [6, 7, 12, 13].
This seems appropriate since the clinical presentation,
evolution, bacteriology, treatment and prognosis of

these mixed infections are very different than those of
SSTI caused by Str. pyogenes. Necrotizing fasciitis is of-
ten seen in patients with associated conditions such as
diabetes, cancer or receiving steroids. In necrotizing
fasciitis involving the male genitalia (Fournier’s gan-
grene), two-thirds of the patients are diabetic, alcoholic
or both [14].

In about 25% of the cases skin lesions (ecchymosis,
bullae) and/or crepitation may be present. In general,
however, superficial lesions are not prominent and this
may erroneously lead to an underestimation of the se-
verity of the disease. The hallmark of necrotizing fascii-
tis is extensive skin undermining of the deep subcuta-
neous tissue. This is easily diagnosed by physical explo-
ration with a gloved finger or with a surgical instru-
ment. Underlying muscle is usually spared. The lesion
content is usually dark-brown, liquid and devoid of
frank pus.

The incubation period of necrotizing fasciitis is usu-
ally less than a week and by the time the diagnosis is
made, fasciitis usually extends more than 10 cm around
the initiating focus and severe systemic symptoms are
present. Renal failure, jaundice, metabolic acidosis and
hypoalbuminemia are very often found. About 20% of
patients are in septic shock and almost all of them will
die of the disease despite aggressive treatment.

The most common origins of necrotizing fasciitis
are surgical wounds (usually after abdominal surgery
for a septic condition), spontaneous perineal wounds
due to anorectal or genitourinary disease, spontaneous
cervical wounds (secondary to an odontogenic infec-
tion) and post-traumatic wounds, after accidental trau-
ma or illicit drug injection.

Treatment of necrotizing fasciitis includes three ma-
jor phases: wide surgical debridement and drainage,
antibiotic therapy and metabolic support. Surgical de-
bridement usually implies extensive fascia resection
through wide skin “windows.” Aggressive skin resec-
tion is seldom required. Drains should be placed in all
the skin incisions and these should follow as far from
the initiating focus as indicated by the presence of un-
dermining. Frozen-section biopsies have been pro-
posed to better identify the margins of the infection
[15] but they are probably unnecessary if debridement
is appropriately guided by the presence of skin under-
mining and gross appearance of the muscular fascia.

Cultures should be taken from the deepest infected
areas and empiric wide spectrum antibiotic therapy
initiated as soon as possible. The microorganisms most
often involved are the E. coli, K. pneumoniae, Proteus
spp., P. melaninogenica, Fusobacterium spp., B. fragilis,
Streptococcus spp., P. aeruginosa and E. faecalis. About
30% of necrotizing fasciitis are monomicrobial and a
case due to S. enteritidis was reported by our group
[16]. Because these patients are often in renal failure,
piperacillin-tazobactam (12 g/day) is administered as
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the antibiotic of choice. It has the additional advantage
of being active against Enterococcus spp. and P. aerugi-
nosa, two bacterial species commonly found in patients
with necrotizing fasciitis of the perineal region. De-
pending on the local resistance patterns, amikacin or
aztreonam should be added to ensure appropriate cov-
erage of gram-negative rods. If the presence of S. aureus
is highly likely (institutionalized patients, repeated ad-
missions to hospital), vancomycin or linezolid should
also be added.

Metabolic and nutrition support is essential in these
debilitated often-malnourished patients [17]. Hydro-
electrolytic balance should be reestablished, diabetes
should be controlled with insulin and artificial nutri-
tion considered in all cases, if possible, by the enteral
route.

Mortality ranges from 10% to 30% and is negatively
influenced by any delay in performing a prompt and
radical surgical debridement [18].

49.7.3
Muscle Infections: Pyomyositis and Clostridial Myonecrosis

Pyomyositis is the presence of an abscess within the
skeletal muscle. It may be a secondary metastatic infec-
tion due to S. aureus bacteremia of any origin, or pre-
sent as a primary muscular abscess developing sponta-
neously or after trauma. Pyomyositis has been exten-
sively reported in tropical countries but is rare in Eu-
rope and the USA [19].

Clinically, pyomyositis presents with pain and swell-
ing over a muscle group, typically in the proximal re-
gions of the upper or lower extremities (thighs, but-
tocks and shoulder). Fever is usually present. Pain, lim-
itation of motion and local inflammatory signs may
precede the development of systemic symptoms. Dif-
ferential diagnosis should be made with thrombophle-
bitis, bone trauma, septic arthritis, fibrillar rupture
and soft tissue sarcoma. Nuclear magnetic resonance
or computed tomography have proved extremely useful
for the diagnosis of all musculoskeletal mass lesions
and usually give the correct diagnosis. Although most
commonly pyomyositis is due to S. aureus, other bacte-
ria have been associated with this syndrome such as the
Enterobacteriaceae. Thus, initial empiric antibiotic
therapy should cover both gram-positive cocci and
gram-negative rods. A Gram stain and appropriate cul-
tures of a pus sample should be taken as soon as possi-
ble either by puncture or at the time of surgical inter-
vention.

In addition, surgical debridement is often required
when an abscess cavity can be delineated. The skin and
the muscle fascia should be treated conservatively.
Drainage of the purulent cavity and excision of necrotic
muscle is usually limited to the muscle compartment.
Cloxacillin (2 g/6 h) is the drug of choice against methi-

cillin-sensitive S. aureus. If MRSA is suspected then li-
nezolid or vancomycin should be administered.

Clostridial myonecrosis or “gas gangrene” is the
most dramatic form of SSTI. Strictly speaking, gas gan-
grene should be described under the heading of
“whole-thickness infections” since it usually involves
also the skin and subcutaneous tissue, causing exten-
sive necrosis and bullae of the superficial layers of the
soft tissues. However, because the hallmark of gas gan-
grene is myonecrosis, it is better included in the group
of infections affecting primarily the skeletal muscle.

Gas gangrene is due to Clostridium spp., a strictly
anaerobic gram-positive sporulated rod easily identifi-
able on a Gram stain. Most of the post-traumatic and
postoperative clostridial myonecroses are due to C. per-
fringens, while the spontaneous or bacteremic form is
caused by C. septicum. As mentioned earlier, clostridial
myonecrosis is fundamentally an “exotoxin” disease
caused by the proliferation of Clostridium spp. under
anaerobic conditions favored by the presence of ische-
mic and necrotic tissues either as a result of trauma or
surgery. The organism is characterized by its ability to
produce numerous extracellular toxins including al-
pha-toxin or phospholipase C, theta-toxin or perfrin-
golysin O, kappa-toxin or collagenase, as well as a spor-
ulation-associated enterotoxin. Alpha-toxin is the key
virulent determinant exotoxin. It is a 370-residue, zinc
metalloenzyme that has phospholipase C activity, and
can bind to membranes in the presence of calcium [20,
21].

Clostridial myonecrosis presents under three major
syndromes: post-traumatic, postoperative and sponta-
neous. Post-traumatic gas gangrene has become an un-
common complication of trauma and has the lowest
mortality (15–20%). In the recent Bosnian war
(1991–1992), no amputation for gas gangrene was car-
ried out on over 1,200 lower extremity war wounds
[22]. Clostridial myonecrosis may also follow apparent-
ly minor trauma such as in inappropriately given intra-
muscular injections or parenteral drug abuse. Postop-
erative gas gangrene is usually secondary to abdominal
septic operations – often involving the small bowel or
the colon – or to contaminated vascular or orthopedic
procedures that leave behind devascularized muscle
(Fig. 49.3). It has a mortality of 50%. Spontaneous gas
gangrene is due to a C. septicum bacteremia arising
from a malignancy in the gastrointestinal tract, usually
a colonic carcinoma, or observed in patients with leu-
kemia or severe enteritis due to chemotherapy induced
mucosal damage, and is a fatal disease [23, 24]. It has a
mortality close to 100%, and patients usually die with-
in 24–36 h of onset.

Gas gangrene is a fulminant disease. It has a very
short time of incubation and may cause death within
the first 48 h. Thus, the only chance for survival is early
recognition and appropriate treatment. Clinical signs
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Fig. 49.3. Postoperative gas gangrene after emergency hip re-
placement with massive gas production within the thigh mus-
cular compartment

that may help in the diagnosis of gas gangrene are se-
vere general deterioration (hypotension, oliguria, dis-
orientation, jaundice and local pain) beginning early
after trauma or surgery, extensive crepitation and an
ominous purple discoloration of the skin with bullae
containing blackish exudates. The necrotic skin is not
painful. Hemoglobinuria secondary to massive intra-
vascular hemolysis can also be found. Multisystem or-
gan failure may develop rapidly and the patient dies of
uncontrollable hypotension, anuria and hemolysis.

Treatment is based in wide tissue excision and de-
bridement, high dose penicillin and intensive care sup-
port. The addition of hyperbaric oxygen has been
shown to have a synergistic effect in reducing morbidi-
ty and mortality in both canine and murine models. Al-
though no prospective human data are available, retro-
spective data indicate that concomitant hyperbaric ox-
ygen therapy has resulted in a twofold reduction in
mortality. It has also been shown that production of al-
pha-toxin stops at high pO2 (240 mmHg). Where feasi-
ble, hyperbaric oxygen therapy should be incorporated
into the treatment plan for gas gangrene.

49.7.4
Whole-Thickness Infections: Streptococcal “Gangrene”
and Mucormycosis

Streptococcus pyogenes may be the cause of severe, in-
vasive and rapidly evolving whole-thickness soft tissue
infections. In a recent epidemiological study in Onta-
rio, Canada, about 1.5 cases of severe streptococcal in-
fections were observed per 100,000 inhabitants/year,
50% of them being of invasive Group A streptococcal
soft tissue infections [26]. Most of these affect the chil-
dren and the elderly. The most extreme clinical mani-
festation of SSTI due to Str. pyogenes is the toxic shock
syndrome. In a recent report, Wood et al. [27] have re-
viewed the main clinical manifestations in 59 patients
(Table 49.3).

Initially described by McLennan [28], deep strepto-
coccal infections cause diffuse swelling of the involved
muscle (usually in the extremities), often associated
with a compartmental syndrome and inflammatory
changes in the overlying fascia, subcutaneous fat and
skin. Superficial signs suggestive of streptococcal in-
fection (erythema, edema and bullae) are the rule but
deeper invasion should be suspected if there is limited
motion, limb swelling and systemic symptoms sugges-
tive of toxic shock. Immediate recognition and differ-
ential diagnosis with streptococcal cellulitis is impor-
tant since delay in surgical debridement carries a poor
prognosis. In situations where superficial signs are
scarce, measurement of muscle compartment pressure
may be helpful, and, if pressures are above 40 mmHg,
fasciotomy is indicated [3]. Surgical intervention is in-
dicated if patients do not respond to penicillin, present
with already established acute renal failure or there is
vascular compromise due to massive muscle swelling. It
also helps in making a definitive diagnosis by obtaining
deep samples for bacteriological culture and Gram’s

Table 49.3. Streptococcal toxic shock syndrome: summary of
clinical manifestations of 59 patients (from ref. [27])

No. of patients (%)

Major criteria
Shock 52 (88%)
Fever 50 (85%)
Rash 48 (81%)
Desquamation 24 (41%)

Associated systemic dysfunction criteria
Renal 51 (86%)
Gastrointestinal 35 (59%)
CNS 31 (52%)
Myalgia or elevated CPK 27 (46%)
Mucous membrane 27 (46%)
Hepatic 26 (44%)
Hematologic 25 (42%)

Operation required 41 (69%)

Death 14 (24%)
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staining. Debridement may be conservative (sparing
the overlying skin) with excision of necrotic tissues and
wide fasciotomy to relieve compartmental hyperten-
sion [27].

Streptococcus pyogenes is exquisitely sensitive to
penicillin, which is the agent of choice for most strepto-
coccal infections. For patients with allergy to beta-lac-
tam antibiotics, linezolid is probably the drug of choice.
In deep-seated infections, however, doubts have been
expressed about the efficacy of single drug therapy [3].
This may be related to the presence of massive bacterial
inoculum or the lack of expression of penicillin-bind-
ing proteins. A potent effect against Str. pyogenes has
been ascribed to clindamycin because it appears to fa-
cilitate Str. pyogenes phagocytosis and to inhibit the
synthesis of bacterial toxins. Thus, in view of the severi-
ty of the disease it is advisable to add clindamycin
(600 mg/6–8h) to penicillin when treating whole-
thickness streptococcal infections [3].

Mucormycosis (zygomycosis) is an uncommon, sub-
acute, frequently fatal, fungal infection which rarely
arises in otherwise healthy people. Different species of
the order Mucorales are responsible for this disease
such as Mucor spp., Rhizopus spp., Apophysomyces spp.,
and Saksenaea spp. [29–31]. An underlying disease,
frequently diabetes mellitus or immunosuppression af-
ter solid organ transplantation, is almost always pre-
sent. It appears in different anatomic sites: paranasal,
cerebral, pulmonary, and gastrointestinal areas; and in
the soft tissue of the extremities. It can also progress to
disseminated disease by vascular invasion. Tissue infil-
tration by the hyphae of mucormycosis must be seen
microscopically to establish the diagnosis, but culture
is required to identify the fungal species involved. A
study of 33 cases seen in one hospital over 5 decades
[32] suggests that the incidence of this infection is in-
creasing. There has been an improvement in outcome,
which has been paralleled by a major shift from post-
mortem to premortem diagnosis. Premortem diagno-
sis gives the opportunity for metabolic stabilization,
surgical excision, and liposomal amphotericin-B thera-
py appropriate to this disease. Successful use of hyper-
baric oxygen has been reported in rhinocerebral mu-
cormycosis, and it may be of benefit in high-risk pa-
tients with soft tissue infections by preventing local
and systemic spreading of the fungus.

49.8
Prognostic Factors

Some studies have recently addressed the major deter-
minants of death or limb loss in patients with SSTI.
Wilson et al. [33] developed a scoring system using data
from a randomized prospective trial on antibiotic
treatment of hospitalized patients with SSTI. Elevated

BUN, hyponatremia, anemia, lesion size and surgical
wound infections were independent predictors of treat-
ment failure. The presence of at least one associated co-
morbid condition also influenced outcome.

In another study on SSTI of the limbs, Anaya et al.
[34] analyzed risk factors for limb loss and death. The
overall mortality rate in their study was 16.9%, and
26% of the patients lost their affected limb. The inde-
pendent predictors of death were leukocytosis
>30,000/mm3, S-creatinine >2 mg/dl and heart dis-
ease. Hypotension (systolic TA <90 mmHg) and heart
disease at admission predicted limb loss. In addition,
these authors found that the presence of Clostridium
spp. was an independent predictive factor for both limb
loss (OR 3.9) and mortality (OR 4.1) and that it was
commonly associated with intravenous drug use and
leukocytosis >30,000/mm3.
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50Vascular Graft Infections
R. Hasanadka, G.R. Seabrook, C.E. Edmiston

Infection of a vascular reconstruction is an infrequent,
but ominous, complication. The patient is at risk not
only from the infection but also from the potential for
ischemia if the conduit must be interrupted, replaced
or removed. Because vascular grafts function as substi-
tute conduits in the arterial circulation, vascular graft
infections are approached with a greater sense of gravi-
ty than other surgical wound or prosthetic implant in-
fections. A vascular graft infection may be associated
with sepsis, erosion of the graft into the gastrointestinal
tract, dehiscence of the graft-artery suture line, and re-
sult in hemorrhage or false aneurysm formation or
rupture of the graft itself. The incidence of infection is
less when autologous tissue is used for artery replace-
ment or bypass compared with prosthetic bypass graf-
ting, and this observation remains a compelling reason
to use autologous conduits in the management of arte-
rial trauma where contamination is frequent. However,
routine replacement of aortic segments for aneurysmal
or occlusive disease cannot use autologous tissue, as
there is no large enough segment of conduit that can be
sacrificed. The inflammatory response associated with
implantation of a foreign body appears to potentate the
risk of infection, even when minimal bacterial contam-
ination of a vascular bioprosthesis occurs.

The biology and epidemiology of vascular graft in-
fections correlate with their clinical presentation, and
provide direction for diagnostic and treatment strate-
gies. It is important to understand how vascular grafts
become contaminated, how bacteria resist host defense
mechanisms, and the spectrum of symptoms and signs
associated with a vascular prosthesis infection. A clas-
sification of vascular graft infections based on patho-
genesis and timing after operation also helps guide the
management of this complication.

50.1
Pathogenesis

Bacterial contamination of prosthetic vascular grafts is
a frequent, if not routine, occurrence. Contamination
may occur when the graft is placed or at a time remote
from surgical implantation. Contamination before im-

plantation, due to improper sterilization or packaging
of the graft, is a rare cause of graft infection. Prostheses
may become infected after implantation by inoculation
of the external graft surface or by hematogenous seed-
ing. Moore et al. showed that bacteremia could induce
a graft infection up to 6 months after implantation if
the lumen of the graft did not become lined with a well-
developed pseudointima [1]. The evidence in humans
for vascular graft infection caused by bacteremia is an-
ecdotal. Szilagyi and colleagues at Henry Ford Hospital
pioneered work in aortic replacement, and in 1972 ob-
served an infection of an aortic graft in a patient with
an abscess of the hand, and postulated that it was he-
matogenous seeding of the prosthesis [2]. Goldstone
and Moore postulated that prosthetic graft infections
could be linked to a prior gram-negative urinary tract
infection [3]. It has been well documented that bacter-
emia follows diagnostic instrumentation of the oral,
gastrointestinal, and genitourinary tracts, but there
have been few clinical reports of vascular graft infec-
tions as a consequence of dental or endoscopic proce-
dures.

The greatest risk of vascular graft contamination oc-
curs at the time of graft implantation. There are several
routes by which microorganisms may come into con-
tact with a vascular graft. A gross break in operative
technique, permitting the graft to touch unprepared
skin, would result in obvious contamination. Bacteria
are also present within the dermal layer of skin, and are
thereby protected from the bactericidal effects of the
surgical scrub. Incisional margins, therefore, are theo-
retically contaminated sites, although the number of
organisms is low. Colonization of prosthetic vascular
grafts by bacteria residing in diseased arterial walls, to
which the graft is anastomosed, has been implicated as
an etiology of late graft infections. Ernst et al. reported
that the incidence of graft infection in patients under-
going aortic surgery increased from 2% to 10% when
aortic wall cultures were positive [4]. Macbeth et al.
studied the arterial wall microbiology in patients un-
dergoing elective aortic and extremity vascular recon-
structions [5]. Cultures of the native artery, arterial
thrombus, atheroma, and peri-arterial tissues were
positive in 43% of the specimens studied. In a group of

Chapter 50



patients with clinical graft infections, there was a 57%
incidence of anastomotic dehiscence in 14 of 20 pa-
tients with positive arterial wall cultures, compared
with no occurrence of graft-artery disruption in pa-
tients with negative cultures. These data suggest that
occult infection of diseased native arteries contributes
to infection of vascular prostheses and may complicate
the excision of infected grafts. Performance of a con-
comitant surgical procedure (e.g., incidental appendec-
tomy, cholecystectomy, or colon resection) at the time a
vascular graft is implanted may dramatically increase
the risk of infecting the bioprosthesis with the patient’s
enteric flora. Newer evidence indicates that microbial
aerosols can routinely be recovered from the operating
room environment, and that the spectrum of organ-
isms recovered closely matches the profile commonly
responsible for vascular graft infections [6]. However,
no direct link has been established with airborne bacte-
ria and wound or prosthetic device infections.

The lymphatic system may also provide a route of
contamination leading to the infection of a vascular
graft. In the immediate postoperative period, prosthet-
ic grafts implanted in the groin are bathed by lymphatic
drainage from the distal extremity. These lymphatics
may be draining the tissue of chronically infected ul-
cers or ischemic tissue where the normal protective
barriers have been compromised. The potential for
graft contamination by lymphatics is compounded by
the transection of multiple lymphatic channels during
routine arterial dissection, particularly in the femoral
region where lymphatic drainage follows the course of
venous tributaries. The graft thus may be contaminated
by bacteria traveling through lymphatic and venous
channels to the systemic circulation or by directly bath-
ing the graft in contaminated fluid from disrupted lym-
phatic channels. Rubin et al. showed experimentally in
a canine model that lymphatics could collect Escheri-
chia coli and Staphylococcus aureus, and transport
them to the site of a vascular graft [7].

Biomaterial implantation, bacterial contamination,
and operative dissection will each incite an inflamma-
tory response by the host. Inflammation is character-
ized by a local reaction of injured tissue and more im-
portantly the blood vessel endothelium. The inflamma-
tory response has two missions: neutralization of the
offending agent, and repair of the injury. The inflam-
matory response usually eradicates any bacterial inoc-
ula and provides the framework for wound healing,
which eventually results in vascular graft incorporation
by surrounding structures. That the process is effective
is evidenced by the low rate (<2%) of vascular graft in-
fections in “clean” cases. In response to a bacterial chal-
lenge, an inflammatory reaction develops and stimu-
lates the recruitment of leukocytes (primarily neutro-
phils and monocytes), plasma cells, and macrophages.
Vasodilatation occurs at the site of the infection, with

the opening of new arteriolar and venular beds, fol-
lowed by an increase in vascular permeability. The acti-
vated neutrophils enclose the bacteria in a phagocytic
vacuole, into which cytoplasmic granules containing
collagenase, elates, and plasminogen activator are dis-
charged. Derived from blood monocytes, tissue macro-
phages act against foreign matter, including bacteria,
by phagocytosis and degradation with hydrolytic en-
zymes released from lysosomes. Mobile phagocytes are
attracted to bacteria and to all sites of inflammation
even in the absence of microbes.

Through the excretion of chemotaxins, bacteria and
injured tissue stimulate the migration of leukocytes by
means of a process that is chemically modulated
through intracellular cyclic nucleotides. Phagocytosis
is facilitated by coating the microorganisms or foreign
material with serum factors called opsonins. These im-
munoglobulins exhibit a specificity for the surface re-
ceptors on macrophages and neutrophils. Antigenic
binding also causes the foreign particle or bacterium to
become situated in close proximity to the phagocyte,
permitting it to be engulfed. Antibodies that attach to
the surfaces of bacteria may alter ionic charges on the
cell surfaces, so they are more easily ingested by the
phagocyte. Biologically active components of the com-
plement system participate in the inflammatory re-
sponse by increasing vascular permeability and acting
as chemotactic agents.

A bacterial infection occurring in the environment
of a prosthetic vascular graft results in a pathological
condition, in which the host is attempting to eradicate
the infection as well as direct an inflammatory re-
sponse against the foreign body. Both the bacteria and
foreign body stimulate similar responses of the im-
mune system. However, the presence of a foreign body
also serves as a “decoy” by creating a reactive environ-
ment, and expending cellular energy of the inflamma-
tory response while diminishing available reserves of
phagocytic activity against bacterial invasion. The cel-
lular and enzymatic activity at the site of the vascular
prosthesis results in increased oxidative metabolism
with the generation of oxygen free radicals that may be
injurious to adjacent cells. The cytotoxic enzymes are
more likely to damage or destroy host tissue than the
vascular prosthesis.

50.2
Bacteriology

Initial reports of prosthetic graft infections identified S.
aureus as the predominant pathogen [8, 9]. Szilagyi, in
an early comprehensive study of vascular graft infec-
tions, identified coagulase-positive staphylococci as
the infecting organism in 13 of 40 graft infections [2].
Gram-negative organisms, including E. coli, Proteus,

532 50 Vascular Graft Infections



Bacteroides, and Pseudomonas, accounted for another
14 graft infections. Liekweg and Greenfield also identi-
fied S. aureus as the most common organism cultured,
but observed an increased recovery of enteric patho-
gens through the course of the series [10]. The mean
time interval to presentation was 27 weeks. All investi-
gators have emphasized that the majority (two-thirds)
of graft infections involve the femoral component of
the vascular prosthesis.

The organisms involved in early graft infections
tend to exhibit virulent characteristics. Coagulase pro-
duced by staphylococcal species, such as S. aureus,
coats the microorganisms with a film of fibrin that al-
lows them to clump together, organize within a wound
or abscess cavity, and thus inhibit phagocytosis. Coag-
ulase-positive staphylococci also produce lysins, which
are hemolytic and responsible for cell necrosis and the
killing of mobilized leukocytes. Coagulase production
may contribute to antibiotic resistance.

Pseudomonas species have been notoriously associ-
ated with virulent infections involving vascular grafts.
Geary et al. reported a significant increased incidence
of anastomotic disruption and vein graft wall necrosis
in a canine model when Pseudomonas aeruginosa was
used to infect prosthetic and autologous vascular grafts
[11]. The virulence of Pseudomonas species is associat-
ed with their ability to produce destructive endotoxins
[12]. Elastase and alkaline protease, produced by the
bacteria, act against the elastin and collagen in artery
or vein graft walls, compromising structural integrity.

The presence of the prosthetic implant potentiates
the infection when bacterial contamination is present.
The vascular graft is not an innocent bystander to the
infection; it amplifies the inflammatory response and
enhances the pathological process. The environment
created by the inflammatory reaction in response to a
foreign body is conducive to bacterial survival and pro-
liferation. Cellular debris surrounding the vascular
prosthesis provides an acidic, relatively ischemic envi-
ronment that provides appropriate nutritional sources
for the bacteria, and protects them from the action of
other phagocytes and from lysosomal enzymes that
would normally be bactericidal.

Bacteria may also become sequestered in the inter-
stices of a vascular graft and be further protected from
polymorphonuclear leukocytes and macrophages by
being incorporated in a mesh of fibroblasts, collagen,
platelets, and fibrin. Proteolytic enzymes released dur-
ing this inflammatory process may have little effect on
sequestered microcolonies, and rather may injure nor-
mal surrounding tissue, including the artery wall to
which the graft material is anastomosed.

Surface characteristics of a vascular prosthesis, in-
cluding porosity, hydrophobicity, and texture, influ-
ence the magnitude of the inflammatory response that
occurs following implantation. More porous structures

allow contiguous tissue ingrowth over the surface of
the prosthetic, rather than the formation of a fibrous
capsular plane at the interface of the graft and host tis-
sue. A prosthetic with a high degree of porosity permits
tissue invasion with a decreased inflammatory re-
sponse. Expanded polytetrafluoroethylene (PTFE) vas-
cular grafts are formed by an extrusion process and
have a structure that permits tissue incorporation but a
porosity low enough to obviate the need for preclotting
before insertion in the arterial stream. These character-
istics also result in the formation of a pseudointima
that is less thrombogenic than the lining of the more
porous woven or knitted Dacron vascular grafts.

Colonization of a vascular graft with bacteria en-
sures that an ongoing inflammatory interaction within
the host will occur. The resultant cellular and tissue re-
sponse is manifest by clinical signs of inflammation in-
cluding pain, fever, swelling, leukocytosis, and autoly-
sis of surrounding tissue. The inflammatory response is
successful if the foreign body and bacteria are digested
and eliminated, as might occur after placement of an
absorbable surgical suture, but such a benign outcome
would not be expected following infection of a vascular
prosthesis. For the latter, the inflammatory response
results in the progressive involvement of surrounding
tissue with graft erosion, sinus tract formation, or su-
ture line dehiscence due to loss of tensile strength of the
adjacent artery wall.

Over the past 3 decades, the opportunity to study a
large population of patients with prosthetic grafts has
become available. The incidence of early graft infection
has decreased, and with long-term follow-up, a signifi-
cant incidence of late graft infection has been chroni-
cled. Late-appearing infections are more subtle in their
presentation, and progress in a more indolent fashion
than classic surgical wound infections. A decade after
Szilagyi’s review of graft infections, Bandyk et al. re-
ported a series of aortofemoral graft infections that
identified a mean time interval from operation to treat-
ment of 41 months (range 14–80 months) [13]. The
contrasting feature of this series, compared with prior
reports, was that Staphylococcus epidermidis prevailed
as the organism responsible for the infection in 60% of
the cases. The clinical presentation of these infections
differed from the familiar combination of pain, swell-
ing, erythema, and incision breakdown characteristic
of a surgical wound infection and observed in most
graft infections caused by S. aureus or gram-negative
organisms. Clinical features associated with S. epider-
midis graft infections included anastomotic false aneu-
rysm, a sinus tract communicating between the graft
and the skin, and failure of the graft to become incor-
porated in the adjacent tissue with formation of a peri-
graft cavity containing an exudate. Typically, the peri-
graft fluid was composed of many polymorphonuclear
leukocytes, but no bacteria. A more recent review of 45
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anastomotic femoral pseudoaneurysms, which pre-
sented with no clinical signs of graft infection, also
documented that many of the patients have character-
istics associated with S. epidermidis graft infections, as
described previously [14]. The recovery of S. epidermi-
dis organisms from abnormal arterial tissue is not un-
usual. Macbeth et al., in their survey of arterial wall mi-
crobiology, reported S. epidermidis was the most com-
mon (71% of isolates) organism cultured from arteries,
arterial thrombus, and atheroma of patients undergo-
ing elective aortic and extremity arterial reconstruc-
tion [5].

The involvement of coagulase-negative staphylococ-
ci (CNS) with vascular graft infections involving the in-
guinal site is not unexpected. The highest staphylococ-
cal concentrations on body skin surfaces are found in
the axilla and the groin where the temperature and hu-
midity provide an optimum environment for growth.
Although CNS had previously been dismissed as non-
pathogenic skin contaminants when recovered from
prosthetic material, their role in infections involving
implanted devices in humans has been confirmed. In
addition to infecting vascular grafts, CNS have been
implicated as the pathogenic organisms in infections of
cardiac valves, cerebrospinal fluid shunts and intravas-
cular catheters [15–17].

We have shown that many vascular patients entering
the hospital are colonized with multiple strains of
slime-producing CNS. Twenty-one patients admitted to
our institution for lower extremity arterial revasculari-
zation had body surface cultures of planned incision
sites performed on admission, immediately preopera-
tively and 5 days postoperatively. A large number
(n=327) of CNS isolates were recovered, and S. epider-
midis was the predominant species isolated at all three
sample times [18]. On admission to the hospital, the in-
cidence of methicillin resistance was 15% for S. epider-
midis and 10. 1% for the other CNS isolates. However,
5 days after operation, the incidence of S. epidermidis
methicillin resistance increased to 50% and the overall
and methicillin resistance of CNS strains increased to
57%. The hospital environment, including periopera-
tive antibiotic administration, results in an increased
frequency of antibiotic-resistant CNS strains. This se-
lection process can contribute to the pathogenicity of
these organisms, especially in patients with prolonged
hospitalization before surgery or those requiring re-
operation, since routine antibiotic prophylaxis may not
be as effective.

As vascular surgeons have become suspicious of oc-
cult infection, more sophisticated culture techniques
have been used. Enhanced recovery of CNS is achieved
when graft material is submitted for culture in trypti-
case soy broth and further improved by disrupting ad-
herent bacteria from the graft fabric by using ultrason-
ic oscillations. Glucose supplementation of the cryptic

soy broth used for staphylococcal incubation may be
required to recover colonies when only a few organisms
are present in the initial sample of graft material sub-
mitted for culture. A prolonged (up to 14 days) incuba-
tion period for slow growing, fastidious organisms may
be required.

There is no evidence that vegetative lesions occur
within arterial conduits infected by CNS similar to
those that may be located on infected cardiac valves.
Fever is seldom a presenting symptom with late graft
infections, nor are other stigmata of cardiac valve in-
fections typically present, such as Osler’s lesions, Jane-
way’s lesions, Roth’s spots, petechiae, or splinter hem-
orrhages. The lack of these signs in graft infection
caused by CNS points against a seeding and showering
process as an etiologic factor in most late graft infec-
tions.

50.3
Natural History of Graft Infections

Szilagyi et al. classified graft infections in a three-tiered
system based on the anatomic level of invasion. Grade
I infections involved only the dermis; Grade II infec-
tions extended into the subcutaneous region but did
not involve the prosthetic material; Grade III infections
involved the arterial implant [2]. Because the Grade I
and II infections are not involved with significant se-
quelae, they have not been studied in detail. Most
Grade III infections result as a consequence of a surgi-
cal wound infection and probably evolve through the
two previous phases during their clinical presentation.
Szilagyi’s classification scheme centered on the concept
that contamination of the vascular graft occurs primar-
ily through the surgical wound or via an enteric ero-
sion. Indeed, these are the important mechanisms of
early graft infections. More recent reports on graft in-
fection have focused on pathogenesis and treatment of
late-appearing infections, particularly graft-enteric
erosions or fistulas. Investigators have emphasized the
concept of bacterial adherence to the vascular graft ma-
terial as a critical initial step in the infectious process.
The time of onset following the primary operation for a
graft infection to appear frequently predicts which
pathogens are involved. The classification of graft in-
fections as early (less than 6 months following implan-
tation) or late is useful clinically, since different diag-
nostic and treatment strategies are required.

Early graft infections follow a clinical course of a
surgical wound infection which, in fact, is the likely eti-
ology. During the perioperative period, the surgical
wound is inoculated with bacteria and the graft be-
comes colonized. A local inflammatory response oc-
curs, and an abscess involving the vascular conduit
forms. The surgical wound, itself, is the focus of the in-
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fection, and any portion of the graft may be involved.
The infection may extend along the external surface of
the graft, to involve the suture line between the graft
and the native arterial tissue, with a significant risk of
anastomotic dehiscence.

Infections of autologous grafts occurring in the
early perioperative period are frequently related to
technical error, adjacent ischemic tissue, or a concomi-
tant infectious process. Infected autologous tissue (e.g.,
vein grafts or patches, endarterectomized arterial seg-
ments) may necrose and rupture either at, or away
from, suture lines. Most infections involving autolo-
gous conduits occur early and present as wound infec-
tions. They are treated with classic surgical techniques
for wound management: drainage of abscess cavities;
debridement of devitalized tissue; coverage of an unin-
fected conduit with viable tissue; or excision of an in-
fected conduit. Late graft infections involving autolo-
gous vascular grafts are rare, and the incidence is not
great enough to define etiologies and to formulate
management within a classification scheme.

Early prosthetic vascular graft infections are usually
the result of local wound contamination. These infec-
tions may be associated with a wound-healing compli-
cation such as dehiscence, hematoma, seroma, lym-
phatic leak, or skin edge necrosis. The graft becomes
inoculated through the disrupted surgical incision or
via an adjacent abscess cavity. The anastomotic suture
lines of prosthetic grafts are dependent on the integrity
of the native artery, because a union between the pros-
thetic and the implanted material via a proliferative
process does not occur. In the early postoperative peri-
od, dehiscence of the suture line is associated with
hemorrhage because the prosthetic material will not
have become incorporated by surrounding tissue to
contain the force of arterial pressure.

As surgical technique and perioperative antibiotic
therapy have become increasingly rigorous, the relative
incidence of early graft infection has decreased. Infec-
tions involving prosthetic grafts are more likely to oc-
cur late in the postoperative course. One group of these
infections involves a previously incorporated, uninfect-
ed graft becoming contaminated by direct exposure
(graft enteric erosion) or hematogenous seeding from
another systemic septic focus (e.g., pneumonia, uri-
nary tract infection, dental abscess). These infections
are likely to present with the patient exhibiting clinical
signs of sepsis (e.g., fever, chills, lethargy, leukocytosis,
vasodilatation, hyperdynamic cardiac activity, septic
shock). Signs of wound infection may be absent and
timely diagnosis delayed, because the infection is fo-
cused at the site of the graft that is located deep to the
overlying healed surgical incision. The contaminated
graft is targeted by host defenses as a septic focus, and
an acute inflammatory response ensues. An exudative
process will encircle the vascular prosthesis. As the in-

Fig. 50.1. Scanning electron micrograph of Staphylococci epi-
dermidis on Dacron graft fabric. Numerous adherent bacterial
microcolonies are enclosed within an extracellular surface bio-
film. These mucin-producing organisms become sequestered
within the interstices of the prosthetic graft fabric leading to
occult infection

fection extends along the external surface of the pros-
thetic material, the vascular anastomosis may become
involved in the infection. The infecting organisms are
virulent gram-positive cocci or gram-negative enteric
pathogens. Successful treatment involves aggressive in-
tervention with resection of the prosthetic material, ex-
tra-anatomic bypass, systemic antimicrobial therapy,
and multisystem support of a critically ill patient.

The second group of late vascular graft infections
follows a more cryptic process. Bacterial microcolonies
contaminate the graft, are sequestered within the inter-
stices of the prosthetic fabric, and become adherent to
the graft surface at the time of implantation. These in-
fections are most frequently caused by CNS. As the
body incorporates the prosthetic graft, the contaminat-
ing bacteria are entrapped, and may be surrounded by
an exopolysaccharide biofilm (mucin or slime), which
protects the organisms from the host’s immune defense
system and systemic antibiotics (Fig. 50.1).

There may be a latent period extending from
months to years following prosthetic implantation
when no clinical signs of infection are exhibited, and
the integrity of the prosthetic anastomosis remains un-
altered. Eventually, the microbial population grows be-
yond the surface of the graft, is recognized by host de-
fenses, and a chronic inflammatory process develops.
Cytolysins released from macrophages break down the
matrix of collagen and fibroblasts that has coalesced
around the prosthetic material, resulting in the graft
becoming unincorporated from the host tissue. In this
environment, the artery wall may become inflamed
with a decreased anastomotic tensile strength at the
graft-artery interface [20]. Persistence of the chronic
inflammatory state may lead to the development of a
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pseudoaneurysm at the anastomotic site. This low-
grade inflammatory process does not present as sys-
temic sepsis, but is more commonly manifest by subtle
changes at graft implantation. The incorporated graft
becomes surrounded with a perigraft exudate or fluid
collection and, with a continuous stimulus for inflam-
mation, a sinus tract may form between the perigraft
cavity and the skin surface, or a pseudoaneurysm may
form at the graft-artery interface due to disruption of
the anastomosis. If a pseudoaneurysm is explored dur-
ing the evolution of this inflammatory reaction, signs
of infection (perigraft fluid, leukocytes, or bacteria on
gram stain) may be evident. Treatment strategy de-
pends on the recognition that these anatomic changes
are due to an infectious process, rather than host vessel
degeneration or an immune-mediated reaction direct-
ed at the vascular prosthesis. Identification of the path-
ogen in these circumstances requires the culture of the
biomaterial itself, rather than culture of perigraft tissue
or fluid. Failure to recognize a graft infection invariably
leads to a future graft-healing complication, typically
manifesting at an anastomotic site as either rupture or
thrombosis of a false aneurysm.

Fabric-covered stent graft infection is a less studied
complication following endovascular exclusion of an-
eurysmal disease. Anecdotically, the infection rate of
bare metal stents is extremely rare. Stent grafts, howev-
er, are constructed with synthetic fabric which, similar
to surgically placed prosthetic grafts, could be inocu-
lated either through the surgical site – for femoral ar-
tery cutdown – or during episodes of subsequent bac-
teremia. It is unknown if the bacterial colonization of
residual mural thrombus between the graft and the na-
tive aneurysm wall would affect stent graft infection
rates.

The Dutch Randomized Endovascular Aneurysm
Management (DREAM) trial reported a graft infection
rate of 0.6% (1 of 171 patients), which was not statisti-
cally different than the treatment arm for open repair
[19]. The limitation of the DREAM trial in regards to
infection rate, which is true with most stent graft series,
is that the operative complication follow-up was short
term and not geared towards analyzing infection risk
factors. Ducasse et al. contacted 40 centers worldwide
to gather data on a cohort of 65 cases of stent graft in-
fection during exclusion of aortic or iliac aneurysms
[20]. Placement for aortoenteric fistula or infection-re-
lated pseudoaneurysm was excluded, leading to a re-
ported overall graft infection rate of 0.43%. The major-
ity of patients presented with symptoms of high grade
infection (retroperitoneal fluid collection, cutaneous
fistula, septic embolization, or hemorrhagic shock) as
opposed to the more indolent course of S. epidermidis.
In the 44 cases that a positive culture could be identi-
fied, 54.5% were S. aureus.

50.4
Diagnostic Imaging

Computerized tomography is the most useful and accu-
rate modality to diagnose a vascular graft infection.
Findings that will lead to the diagnosis of graft infection
are perigraft air, perigraft fluid collections, and inflam-
matory changes in the retroperitoneal structures
(Fig. 50.2). Although residual intra-abdominal air may
be present in the early post-operative period, particu-
larly following aneurysm repair, after 2 months any air
in the region of the graft should be considered patho-
logic. When perigraft air is found late (greater than
6 months) following implantation, the diagnosis of graft
infection is almost certain. When vascular contrast is
administered in association with axial imaging, the CT
provides information to define the arterial anatomy that
should obviate the need for angiography. Although CT
scanning will seldom demonstrate an aorto-enteric fis-
tula, it may provide information to argue against that
diagnosis if it can be demonstrated that the duodenum
is separated from the vascular structures by normal tis-
sue planes with no inflammatory tissue changes.

Arteriography has more potential in formulating
operative strategy than in establishing a diagnosis of
prosthetic graft infection. An arteriogram may locate a
graft infection by demonstrating a nonpalpable proxi-
mal pseudoaneurysm, but this modality never identi-
fied a fistulous tract independently diagnosed as pri-
mary graft infection. Arteriographic imaging of the
native vascular anatomy allows the surgeon to plan the
extra-anatomic arterial reconstruction.

Fig. 50.2. CT scan of a patient 33 months following emergent
aortic graft placement for a ruptured abdominal aortic aneu-
rysm. The graft is surrounded in fluid with a gas pocket locat-
ed anteriorly. A large left renal cyst is also seen. At operation an
aorto-enteric fistula was identified. Operative cultures grew
Enterococcus species, K. pneumoniae, and C. albicans
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Attempts to firmly establish the diagnosis of aorto-
enteric fistula can be an arduous task. Patients with
aorto-enteric fistula usually present with some form of
gastrointestinal bleeding. It may be acute and severe
making the diagnosis obvious; however, patients may
initially present with only anemia or guaiac positive
stools. Upper GI endoscopy is the most frequently per-
formed diagnostic intervention, but it actually estab-
lishes the diagnosis in only a few patients. Endoscopy is
more commonly employed to identify other pathology
responsible for a source of significant blood loss in the
esophagus, stomach, or duodenum. Most patients with
vascular grafts and GI bleeding have GI sources of
bleeding and not aorto-enteric fistulae. However, the
clinician must be wary not to implicate “esophagitis,
gastritis, gastric erosions or duodenitis” when there is
actually major blood loss. In such a setting avoiding the
diagnosis of aorto-enteric fistula will only lead to a de-
lay in establishing the correct diagnosis. Only an ac-
tively bleeding lesion or other demonstrable GI pathol-
ogy that can account for the patient’s symptoms should
be considered a true source of hemorrhage as an alter-
native to an aorto-enteric fistula during this evaluation.

50.5
Treatment Aortic Graft Sepsis

Principles of operative management consist of total ex-
cision of the infected aortic graft, debridement of the
aorta to reach normal artery wall, debridement of ret-
roperitoneal structures associated with the infectious
process, longitudinal closure of the duodenum, over-
sewing the aorta followed by an onlay omental patch,
placement of retroperitoneal drains if there had been
an abscess cavity, and revascularization through an ex-
tra-anatomic route. Such an operation is one of the
most taxing surgical procedures performed for both
the patient and surgeon. If the patient is stable, it is
preferable to perform the extra-anatomic revasculari-
zation as a staged procedure, followed in 24 h with exci-
sion of the infected graft. This allows for two shorter
operations with better ability to manage the patient’s
fluid status and the associated risk to the cardiac and
pulmonary systems. In our reported series of 20 pa-
tients, 14 underwent aortic graft excision followed by
extra-anatomic revascularization, while 5 patients had
extra-anatomic revascularization performed prior to
excision of the aortic prosthesis. Whether revasculari-
zation was performed before or after aortic graft exci-
sion did not alter the eventual outcome of the patients
in our series. Although performing the revasculariza-
tion prior to graft excision avoids the obligatory ische-
mic time to the lower extremities, there is the theoreti-
cal risk of bacteremic seeding of the new graft material
if it is placed prior to removal of the infected prosthesis.

However, the one patient in our series who developed
an infection of his axillofemoral graft had it placed af-
ter excision of the aortic graft [21].

The most common technique for lower extremity re-
vascularization is axillofemoral, femoral-femoral by-
pass constructed with PTFE graft material, which has
the lowest incidence of bacterial adherence [22]. If the
aortic procedure has been confined to the abdomen,
then the common femoral arteries can be used for the
extra-anatomic reconstruction with little risk of con-
tamination. However, when the aortic graft has been
extended to the femoral segments, the revasculariza-
tion must be taken more distally through uninfected
tissue. If the patient’s superficial femoral artery is open,
the lower extremities are usually not at risk for ische-
mia; however, when there is arterial occlusion of the su-
perficial femoral segment, the reconstruction must tar-
get the profunda femoris or even the popliteal artery
for runoff.

In our series, cultures from two patients who pre-
sented with clinical signs of sepsis recovered a polymi-
crobial mixture of aerobic and anaerobic organisms.
Five of the nine patients with late-onset primary graft
infection had only Staphylococcus epidermidis recov-
ered. Despite having clinical evidence of graft infection
(draining wound sinus, perigraft exudate, poor graft
incorporation, anastomotic pseudoaneurysm), the
four remaining patients had no isolates recovered [21].

Despite broad advances in medical technology, op-
erative mortality (14–50%) and morbidity (25–70%,
primarily from lower limb amputations) have re-
mained considerable, when the standard treatment of
excision of the infected graft and revascularization via
an extra-anatomic approach is followed [23, 24]. This
has led some authors to suggest alternative approaches
such as simple repair of the fistula without regrafting,
or in situ replacement of the prosthesis in the infected
field [25, 26]. Although it may be necessary for vascular
surgeons to have these options available in their treat-
ment armamentarium, prosthetic material should not
be permanently placed in an infected field.

Aortic stump dehiscence remains a significant late
cause of death in patients surviving surgical treatment
of aortic vascular graft infections. In situ replacement
of grafts from patients with aorto-enteric fistulae re-
sulted in a 16% incidence of recurrent fistula or dehis-
cence, and exsanguination at the proximal anastomosis
[21]. Reilly et al. reported a 25% dehiscence and mor-
tality in 25 patients following perioperative treatment
for aorto-enteric fistulas, but no cases of aortic stump
problems in patients treated for primary graft infection
[24].

There are two factors that play a role in the patho-
genesis of late aortic stump problems: persistent peri-
aortic infection and bacterial virulence. The aorta must
be debrided back to normal arterial wall to enable a se-
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cure closure. Attempts to close friable, edematous aorta
predispose the patient to future complications. In addi-
tion, an attempt must be made to debride the sur-
rounding retroperitoneal structures involved in the in-
fectious process to remove sources of contamination.
The second factor related to subsequent infectious
problems with the aortic stump is related to the viru-
lence of the organisms involved in the infectious pro-
cess. Late stump dehiscence is more common following
aorto-enteric fistulas than primary graft infections.
Isolates from aorta-enteric fistulae are polymicrobial
and involve more virulent organisms such as Escheri-
chia coli, S. aureus, and Pseudomonas. In contrast,
Staphylococcus epidermidis is the most common isolate
recovered from late onset primary graft infections. The
inherent low virulence of S. epidermidis, when com-
bined with complete excision of the prosthesis, has re-
sulted in the failure of this organism to be implicated in
aortic stump dehiscence.

Following excision of an aortic graft the patient
should be maintained on a course of antibiotic therapy
to protect the patient from infection from residual mi-
croscopic contamination and to irradiate organisms
still in the lymphatic system. If pre-operative blood cul-
tures were positive, the susceptibility data from these
cultures will guide therapy. However, the nature of bio-
film infections may result in negative cultures from
specimens collected at the procedure. Empiric therapy
must then be instituted. We use a semi-synthetic peni-
cillin with a beta-lactam inhibitor or a quinolone, with

Fig. 50.3. CT scan of the patient (Fig. 50.2) 11 weeks following excision of the infected aortic graft and oversewing of the infrarenal
aorta. Resolution of the inflammatory changes is seen on the axial image (left). An axillofemoral bypass was constructed to per-
fuse the lower extremities, seen on a maximum intensity projection image (right)

additional coverage to both of these regimens if there is
an indication that an anaerobic process is involved.
Vancomycin is not routinely used. Intravenous therapy
is routinely continued for 2 weeks and then the patient
is converted to an oral agent, which is continued until
there is evidence on follow-up CT scan that all of the in-
tra-abdominal inflammatory process has resolved
(Fig. 50.3).

When long-term antibiotic therapy is prescribed,
the consequences of this therapy must be considered,
including the development of drug allergies, specific
organ dysfunction such as nephrotoxicity, the develop-
ment of supra-infections including pseudomembra-
nous colitis, and the emergence of bacterial resistant
organisms.

The most common risk factor that predisposes to in-
fectious complications is multiple previous vascular
procedures. Repetitive exposure of the graft increases
the risk of contamination and a subsequent infection.
Archer and Tenenbaum have demonstrated the emer-
gence of antibiotic resistance in staphylococcal strains
recovered from cardiac surgery patients in the postop-
erative period [27]. The necessity for graft revision in
the early postoperative period may greatly increase the
risk of graft colonization by more virulent or resistant
strains of the commensal skin flora.
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50.6
In Situ Replacement of Infected Grafts

The low virulence of coagulase-negative staphylococci
and their unique characteristics of colonization via a
surface biofilm permit treatment of some infected
grafts by excision of the grossly involved graft seg-
ments, debridement of perigraft tissue and adjacent ar-
tery, and in situ replacement of another prosthesis. Sev-
eral caveats must be emphasized in selecting this treat-
ment option. First, it is essential that the patient has the
correct microbiologic diagnosis. This technique is not
appropriate or recommended for patients who have
gram-negative bacteria infections. The role of coagu-
lase-positive staphylococci in these infections is not yet
defined. In latent, indolent infections where coagulase-
positive staphylococci are cultured, in situ replacement
may be successful. Why some patients with coagulase-
positive staphylococcal infections fail to mount the sys-
temic reaction that is more classically associated with
this infection is not understood. There may be a spec-
trum of virulence in these species in which some iso-
lates act like the more benign coagulase-negative
staphylococci.

Graft biofilm infections involving the femoral anas-
tomosis are the cases where an in situ replacement
technique will be most appropriately used. When an in
situ technique is employed, the operative treatment
must include total excision of the biofilm cavity and the
involved graft. Because this often results in an extensive
groin dissection, there is an increased incidence of
lymphatic wound complications, particularly the oc-
currence of lymphoceles in the post-operative period.
The use of muscle coverage is important because it pro-
vides vascularized tissue to surround the graft and be
interposed between the skin and the conduit if wound
complications occur. The treatment of a lymphocele
should be aggressive, with operative ligation and drain-
age if they do not promptly resolve or begin to leak
through the wound creating a potential tract for sec-
ondary infections.

Expanded PTFE is usually selected as a replacement
interposition graft because our laboratory data has
demonstrated that the bacterial adherence of slime-
producing bacteria is significantly less to ePTFE than to
knitted or woven Dacron [28]. Slime-producing coagu-
lase-negative staphylococci adhered to the knitted Da-
cron 100 times greater than to PTFE. Because bacterial
adhesion is the important first step in biofilm graft in-
fection, the relative resistance to bacterial adhesion
possessed by PTFE has significant potential advantages
as an in situ replacement conduit.

A special note of caution needs to be raised for pa-
tients who have femoral limbs of their aorto-bifemoral
grafts resected. Even after the replacement grafts have
healed well and have demonstrated no evidence of re-

current infection, the residual aortic graft segment in
the patient may subsequently develop changes sugges-
tive of coagulase-negative staphylococcus infection
manifested by the development of a perigraft cavity
and fluid. Should this clinical presentation occur, it
probably represents a latent infection that existed even
at the time of the initial resection. Since replacement of
the intra-abdominal portion of an aortobifemoral graft
is fraught with the greatest potential for complications,
it is reasonable to be cautious in making a decision to
remove the aortic segment.

Because biofilm infections occur months and years
after an initial vascular reconstructive procedure, the
mortality rate from associated cardiovascular disease is
high in this cohort of patients. The mortality rate for
most series of patients with graft infections is at or
above 50%, most of it caused by cardiovascular causes.
Because of this high mortality rate, clinicians are cur-
tailed in studying extended durability of this repair
technique.

In our series of infected aortic grafts, patients were
treated with complete graft excision and extra-anatom-
ic bypass, which were compared to patients treated
with partial graft excision, in situ reconstruction, or
other methods of graft salvage [29]. Overall periopera-
tive mortality was 27% and the recurrent infection rate
was 20%, which is comparable to other values reported
in the literature. Neither mortality or recurrent infec-
tion was statistically different between the two groups.
However, this series was not randomized and the op-
tions for treatment were at the surgeon’s discretion.
Until the surgical outcomes of infected aortic grafts can
be better studied, our recommendation is still to hold
true to the principle of complete excision and extra-an-
atomic bypass with consideration for in situ recon-
struction only in the presence of the more indolent in-
fections.

50.7
Treatment of Endovascular Graft Sepsis

Because the incidence of stent graft infection is very
low, the clinical outcomes are not well studied. Ducasse
et al. found in their multicenter cohort of infected stent
grafts that surgical excision with reconstruction had
less mortality than treatment with antibiotics and
drainage (14% vs. 36.4%, p=0.086) [20]. They also
found that the mortality was significantly lower with in
situ reconstructions than extra-anatomical bypass
(5.8% vs. 16%, p=0.32). Because the aneurysm sac is
not violated, complete excision may be more feasible al-
lowing the more durable reconstruction to be created.
However, caution should be taken in that the surgical
subgroups were small and were treated in multiple cen-
ters with varying conduit for the in situ reconstruction.
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Similar to surgical grafts, the principle of complete
excision, debridement, and operative reconstruction
holds true for stent graft infections. The option to per-
form an in situ reconstruction versus an extra-anatom-
ical bypass needs to be further studied.

50.8
Conclusions

The most important factor in selecting treatment regi-
mens for vascular graft infections is the proper analysis
of the patient. The role of the infecting organism is pri-
mary in selecting less radical treatment of in situ repair
as opposed to the traditional treatment of graft exci-
sion and extra-anatomic bypass to restore distal flow.

The pathobiology of graft infections is affected by
the microorganisms colonizing the graft, the site of im-
plantation, and the character of the prosthetic material
used in the reconstruction. Sensitive culture tech-
niques are necessary to recover bacteria from graft in-
fections when overt signs of sepsis are absent.

It is critical for the surgeon to identify patients with
biofilm infections during follow-up surveillance. Be-
cause of the indolent nature of the infection and the low
virulence of the organisms, the diagnosis can rarely be
made definitely before graft removal and culture. The
clinical presentation is typical enough so that a tenta-
tive diagnosis can be reliably made. The principal com-
ponents of this diagnosis include an infection occur-
ring at a time remote from the previous vascular proce-
dure (at least 6 months) and the absence of systemic ev-
idence of toxicity. The use of CT scanning and duplex
scanning is valuable to detect perigraft fluid and the
presence of intra-abdominal false aneurysms.

Late prosthetic graft infections differ from classical
surgical wound infections, and management of these
complications requires the vascular surgeon to under-
stand the etiology and natural history of the process.
We do not recommend in situ replacement for gram-
negative infection and for coagulase-positive staphylo-
coccus infections where the patient has systemic effects
of infection and bacteria can be seen on gram stains of
the perigraft fluid. In these situations traditional tech-
niques of graft removal and autogenous or extra-ana-
tomic revascularization are still the treatments of
choice.
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51 Acute Mediastinitis
K.P. Bhavan, D.K. Warren

51.1
Introduction

Mediastinitis is an infection of the structures in the
thorax excluding the lungs and pleural space. Most
cases of mediastinitis are secondary to spread of infec-
tion from a distant site or direct inoculation of organ-
isms secondary to trauma or esophageal perforation
due to malignancy. The last 30 years have seen a dra-
matic increase in the annual number of cardiac surgical
procedures performed. Consequently, post-sternotomy
surgical site infections have accounted for an increas-
ing number of cases of mediastinitis. Despite signifi-
cant advances in antibiotic therapy, surgical technique,
and intensive care management, mediastinitis contin-
ues to have a high morbidity and mortality. This chap-
ter will focus on three major categories of mediastini-
tis, including descending necrotizing infections, medi-
astinitis secondary to esophageal perforations, and
post-sternotomy surgical site infections, and will dis-
cuss the pathogenesis, presentation, diagnosis, and
management associated with each. The anatomy of the
neck and mediastinum, which is crucial to understand-
ing the pathogenesis and complications of mediastini-
tis, as well as unusual causes of mediastinitis will also
be reviewed.

51.1.1
Historical Overview

The first major review of suppurative mediastinitis was
by Pearse [1] in 1938 involving 110 cases. In this series,
58% of cases were due to esophageal perforation and
the remainder were secondary to descending infections
of the head and neck, along with post-surgical compli-
cations. Mortality in the pre-antibiotic era without sur-
gical drainage was 85%; with surgery mortality de-
creased to 35%.

With the increasing use of the median sternotomy
incision, a new cause of mediastinitis rapidly became
apparent. Overall, the infection rate for median sterno-
tomy is low, but given the volume of patients who un-
dergo this procedure for cardiac surgery each year,
even a low rate translates into a potentially large num-
ber of patients with post-operative mediastinal infec-
tions. In a 1976 review by Culliford [2], mortality
ranged from 7% in the group that was recognized early
to 20% among patients diagnosed late post-operative-

ly. The surgical management of these infections has
evolved from initial debridement with closure by sec-
ondary intention, to primary closure with closed irri-
gation, to the use of omental and muscle flaps.

The advent of antibiotics did little alone to change
the outcome of mediastinitis. In 1983, Estera et al. [3]
reviewed 21 cases of descending necrotizing mediasti-
nitis from 1960 to 1980 and reported a mortality of
42.8%, with the majority of these cases being diag-
nosed at autopsy. This high mortality rate was attribut-
ed to the frequent lack of physical and radiographic
findings early in the course of the disease. The develop-
ment of computerized tomography (CT) has increased
the capacity for earlier diagnosis and improved pre-op-
erative planning of surgical management. An analysis
of 48 cases of mediastinitis from 1990 to 1998 revealed
that the mortality for descending infections had im-
proved to 23% [4], which the authors attributed to the
availability of CT.

51.1.2
Anatomy of the Neck and Mediastinum

Understanding the pathogenesis, complications, and
successful management of mediastinal infections re-
quires knowledge of the anatomical relationships be-
tween the organs and vascular structures of the neck
and mediastinum. The mediastinum contains the
heart, great vessels, trachea, esophagus, paratracheal
lymph nodes, and the thymus. This is bordered ana-
tomically by the thoracic inlet superiorly, the dia-
phragm inferiorly, the sternum anteriorly, the vertebral
bodies posteriorly, and the pleural cavities laterally.
The fascial planes of the head and neck are of great im-
portance in understanding the spread of infection in
the chest. The most important of these fascial planes
are the retropharyngeal, visceral, prevertebral, lateral
pharyngeal, and previsceral spaces which communi-
cate directly with the mediastinum, and determine the
mechanism by which perforations in the cervical
esophagus and infections of the oropharynx can spread
to the thorax.

The clinically important areas in the neck are divid-
ed into three sections determined by their relationship
to the hyoid bone (Fig. 51.1). The retropharyngeal and
the visceral spaces extend both above and below the hy-
oid bone. The retropharyngeal space, or retrovisceral
space, is limited anteriorly by the middle layer of the
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Fig. 51.1. The deep fascial layers of the neck and their relation-
ship to the mediastinum

deep cervical fascia and the deepest layer of the deep
cervical fascia, or the alar fascia posteriorly. This space
exists behind the hypopharynx and esophagus from
the base of the skull to the superior mediastinum. Ret-
ropharyngeal infections in this space can descend easi-
ly into the superior mediastinum. This was recognized
early to be the space most likely involved in cervical
esophageal perforations [1, 5]. This space is often in-
volved in extension of infections of the cervical verte-
bra. Just posterior to the retropharyngeal space, be-
tween the alar fascia and the prevertebral fascia, is an
area called by some authors the “danger space” [5],
which extends from the base of the skull to the crus of
the diaphragm and is a source of potential dissemina-
tion of retropharyngeal or lateropharyngeal infection
to the base of the posterior mediastinum and the retro-
peritoneal space [3, 5].

The visceral space is located within the carotid
sheath and includes all three layers of the deep cervical
fascia. Infections in this space less commonly extend
down to the mediastinum, but given their location in
relationship to the great vessels, can cause internal jug-
ular vein septic thrombophlebitis and carotid artery
rupture. Classically, suppurative lymphadenitis, peri-
tonsillar abscess, and Ludwig’s angina were causes of
infections in this space; however, any of the structures
of the pharynx and neck can serve as a source.

Above the hyoid bone are the submandibular space,
the lateral pharyngeal space, the masticator space, and
the parotid space. The submandibular and masticator
spaces are most involved with dental infections, with
Ludwig’s angina being a result of submandibular space

infection. The lateral pharyngeal space communicates
with many of the spaces in the neck and is associated
with infections of the pharynx, teeth, tonsils, or paro-
tids. The parotid space communicates directly with the
“danger space” and the lateral pharyngeal space.
Therefore, infections in the parotids can rapidly extend
throughout the mediastinum.

Below the hyoid bone is the anterior visceral or pre-
visceral space. This extends from the hyoid bone supe-
riorly to the anterior mediastinum inferiorly. It is bor-
dered by the strap muscles anteriorly, and surrounds
the trachea, with the esophagus forming its posterior
border. The pretracheal investing fascia is attached to
the pericardium and the parietal pleura, which can re-
sult in pericarditis and empyema from infection in this
space. The most common causes of infection in this
space include tracheal or esophageal disruption. Final-
ly, the course of the esophagus is important to review,
as esophageal perforation is a significant cause of me-
diastinitis and the complications of this can be predict-
ed partially from the site of the perforation. The upper
two-thirds of the thoracic esophagus lies in close prox-
imity to the right pleural space, while the distal third
deviates to the left to enter the diaphragmatic hiatus.
Perforations of the lower thoracic esophagus are more
likely to cause left-sided empyemas and possible retro-
peritoneal extension.

51.1.3
Pathogenesis

The causes of mediastinitis are multiple (Table 51.1).
However, cases can be divided by source, which ex-
plains the microbiology of the infection and also in part
determines treatment strategies. Head and neck infec-
tions, esophageal perforations, and post-sternotomy
infections are the primary causes of mediastinitis. Oth-
er more unusual causes of mediastinal infection will al-
so be addressed.

51.2
Descending Necrotizing Mediastinitis

Descending necrotizing mediastinitis is an unusual in-
fection arising from the structures of the mouth, neck,
and pharynx. This begins as a localized infection,
which then descends inferiorly via the fascial planes of
the neck into the thorax. Several factors facilitate the
spread of these infections to the mediastinal structures,
including gravitational drainage, negative intrathorac-
ic pressure with inspiration, and the lack of significant
barriers in the retropharyngeal space. The fascial
planes of the neck can be penetrated by these infec-
tions, and subsequently involve all compartments of
the neck and mediastinum. Often, patients can rapidly
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Table 51.1. Selected causes of
mediastinitisDescending necrotizing mediastinitis

Odontogenic [5, 7–9]
Ludwig’s angina [13]
Peritonsillar abscesses [5, 13–15]
Parotitis [17]
Facial cellulitis [20]
Epiglottitis [19]
Pharyngitis [13–16]
Infectious mononucleosis [16]
Cervical lymphadenitis [1]

Iatrogenic
Tooth extraction [11, 12]
Air-turbine dental equipment [11, 12]
Oral [7] or nasal intubation
Post-tracheotomy [19]
Thyroidectomy [1]
Central venous catheterization [126]

Esophageal perforation
Emesis [39, 55]
Carcinoma [40, 41, 46]
Foreign body [49, 50]
Penetrating trauma [45, 52, 53]
Blunt trauma [48, 49, 52]
Traumatic hyperextension [44]

Iatrogenic
Esophagogastroduodenoscopy [46]
Esophageal dilation [44]
Nasogastric tube [46]
Esophageal sclerotherapy [46]
Esophageal surgery [43, 46]
Dislodged cervical fixation device [47]

Cardiothoracic surgery
Coronary artery bypass grafting [57]
Cardiac valve replacement [61–63, 66, 87–90]
Cardiac transplantation [72–74, 84, 85]

Disseminated spread
Bacteremia [116–119]
Pneumonia or empyema [1, 113–118, 121]

progress to septic shock, multi-system organ failure,
and death unless adequate surgical therapy is initiated.
Descending necrotizing mediastinitis has been classi-
fied as diffuse or localized type based on the level of in-
fection seen on diagnostic CT imaging. Surgical treat-
ment of descending mediastinitis varies accordingly
with this classification system. In Type I descending
mediastinitis, the infection is localized to the upper
mediastinal space in the area above the tracheal bifur-
cation and treatment involves transcervical drainage to
evacuate pus. Type II infection is diffuse in nature and
subclassified as IIA involving the anterior lower medi-
astinum and IIB, involving infection in the lower poste-
rior mediastinum. Treatment of Type IIA infection in-
cludes irrigation through the subxiphoidal and cervical
incisions in addition to percutaneous thoracic drainage
as needed. Finally, Type IIB infection is treated with
complete irrigation and debridement of the mediasti-
num through a right standard thoracotomy followed by
left minimal thoracotomy [6].

Odontogenic infections account for 30–70% of all
cases of descending mediastinitis [3, 5, 7, 8]. Infections
involving the 2nd and 3rd mandibular molars are par-
ticularly dangerous, since the roots of these teeth extend
below the hyoid ridge. Thus, apical abscesses in the 2nd
and 3rd molar roots can often rupture through the man-
dibular bone into the submandibular space, causing
Ludwig’s angina or gaining access to the deeper spaces
of the neck. Occasionally, these infections will be occult
or minor [10, 11]. Dental procedures such as tooth ex-
traction, root canal therapy, high speed air-turbine den-
tal equipment, and laceration of oral soft tissue have
been also associated with mediastinitis [11, 12].

Peritonsillar and retropharyngeal infections account
for most of the remaining cases of descending necrotiz-

ing mediastinitis. Peritonsillar abscesses complicating
bacterial tonsillitis [3, 5, 13–15] or infectious mononu-
cleosis [16] are frequently reported. Retropharyngeal ab-
scesses may develop from extension of a peritonsillar dis-
ease, penetrating trauma to the pharynx [3], parotitis
[17], epiglottitis [18], oral or nasotracheal intubation [7],
and post-tracheotomy [19]. In one study 50% of patients
with parapharyngeal neck infections had some evidence
of mediastinal involvement by CT [20].

Other rare causes of descending necrotizing media-
stinitis include facial cellulitis [21] and transnasal sinus
drainage [8]. Though common in the pre-antibiotic
era, suppurative cervical lymphadenitis, cervical disci-
tis, and post-thyroidectomy surgical site infections
rarely cause mediastinitis currently.

51.2.1
Microbiology

Descending necrotizing mediastinitis is generally a poly-
microbial infection, caused by aerobic and anaerobic
oropharyngeal flora. Mediastinal tissue, pericardial flu-
id, and pleural fluid have multiple organisms seen on
Gram stain. Typical anaerobic bacteria include Bacteroi-
des spp., Fusobacterium spp., anaerobic Streptococcus
spp. Peptostreptococcus sp., and Prevotella denticola [12].
Aerobic organisms most frequently recovered include
aerobic streptococci, Staphylococcus aureus, and the
family Enterobacteriaceae. Several authors [3, 22, 23]
have theorized that the altered redox potential and the
closed spaces of the fascial planes of the neck lead to an
environment in which organisms can thrive, resulting in
a high organism count and rapid tissue destruction.
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51.2.2
Signs and Symptoms

Many patients with mediastinitis present with fever,
neck and chest pain or non-specific symptoms. Often,
individuals are on antibiotics for dental infections or
presumed bacterial pharyngitis [3]. Mediastinitis can
be missed initially unless clinical suspicion is high. De-
velopment of chest pain in individuals with infections
of the head and neck should arouse suspicion of medi-
astinal spread [5]. As mediastinal infection progresses,
brawny induration of the upper chest and neck can oc-
cur, along with pitting edema and subcutaneous crepi-
tus. This process can then extend to the upper extremi-
ties in some cases [8]. Loss of the sternal notch and the
clavicular landmarks can also be seen. These signs,
while highly suggestive of mediastinitis, are insensitive
[8]. Though dysphagia is more commonly associated
with esophageal perforation, it can be seen in cases of
posterior mediastinitis in which the esophagus is com-
pressed by abscess formation [24]. Airway compromise
due to compression of the central airway and pharynx
from inflammation is common and can lead to dyspnea
and ultimately respiratory collapse. Epigastric and ab-
dominal pain mimicking an acute abdomen has been
reported with descent of the necrotizing process into
the retroperitoneum [3].

Because descending necrotizing mediastinitis can
progress rapidly and diagnosis is frequently delayed,
patients often present with complications. As discussed
earlier, complications are dependent on the anatomy of
the mediastinum. The most frequent complication is
empyema due to rupture of a mediastinal abscess
through the parietal pleura. Transudative pleural effu-
sions have been reported; however, purulent fluid from
direct extension of the infection is more common. Bac-
terial pericarditis with friction rub or tamponade has
been described, which is also believed to be secondary
to direct extension. This is especially true of infections
in the pretracheal space. Involvement of the cranial
nerves in the neck can lead to focal neurological defi-
cits. As the disease progresses, tracheal and esophageal
fistulas can develop [25]. Vascular structures in both the
neck and thorax are also susceptible to involvement, in-
cluding thrombosis of the internal jugular vein or the
carotid artery rupture [9]. The great vessels in the tho-
rax, particularly the innominate vein and artery, can
erode from direct infection [3, 8], resulting in rapid ex-
sanguination. Anterior mediastinitis can rarely result in
superior vena cava obstruction with head and neck cya-
nosis, edema, and neck vein distention [24].

51.2.3
Diagnosis

Rapid diagnosis of descending necrotizing mediastini-
tis is crucial. While 60% of patients with necrotizing
mediastinitis due to an odontogenic infection present
for medical attention within 48 h of onset of symptoms,
the delay may be as long as 15 days [5]. Several reviews
have noted a delay from admission to diagnosis on av-
erage of 2.5 days [3, 5, 8]. As clinical signs are often
non-specific or do not become apparent until wide-
spread tissue destruction has already occurred, radio-
logical diagnosis is paramount [3, 5, 8, 27]. Radio-
graphic findings in descending necrotizing mediastini-
tis can be identified in both lateral simple neck and
standard chest X-rays. Lateral neck radiographs may
reveal subcutaneous air in the soft tissue of the neck,
swelling of the prevertebral soft tissue (suggestive of
retropharyngeal abscess), loss of cervical spine lordo-
sis, or air in the retropharyngeal space. Chest radio-
graphs can show mediastinal widening, pneumomedi-
astinum, anterior displacement of the thoracic trachea
due to abscess formation, mediastinal air-fluid levels,
enlarged cardiac silhouette, and pleural effusion. Plain
radiography, however, is usually negative early in the
disease, with findings only becoming present after sep-
sis has developed [27].

Most authors agree that the most rapid and effective
way to diagnose descending mediastinitis is by CT [3, 5,
8, 27]. Magnetic nuclear resonance (MRI) can similarly
show fascial planes and chest involvement; however,
patients often are too unstable to undergo MRI. CT is
particularly helpful in assessing extent of disease and
guiding surgical therapy. The benefit of CT became ap-
parent in the review by Estrera et al. in 1983 [3] when
mediastinal involvement was noted in these patients by
CT when plain films had been unrevealing. Fluid col-
lections, loss of distinct tissue planes, mediastinal in-
flammation, and air in the mediastinum are easily seen
by CT. Pericarditis and empyemas can also be assessed
by this method. Serial CT imaging with contrast has
been shown to be useful in identifying progression of
descending necrotizing mediastinitis into the neck and
chest. As a surveillance tool, CT allows for earlier diag-
nosis and directed operative drainage [28].

51.2.4
Treatment

The effective management of descending necrotizing
mediastinitis requires rapid recognition of the extent of
disease. Aggressive fluid resuscitation, stabilization of
the compromised airway, early empiric antibiotic ther-
apy, and surgical drainage are the mainstays of therapy.

The dramatic inflammatory reaction often seen in
mediastinal infections results in a significant amount
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of third space sequestration. This requires volume re-
suscitation with intravenous fluids. The extensive
amount of pharyngeal edema and inflammation seen
in descending necrotizing mediastinitis can rapidly
compromise the airway. Many authors recommend tra-
cheotomy for all patients with descending necrotizing
mediastinitis to assure airway patency, and to avoid the
risk of accidental dislodgement of an endotracheal
tube, which may be impossible to replace in the face of
tissue edema [3, 8, 27, 29, 30]. Endotracheal intubation
causing the traumatic rupture of a parapharyngeal ab-
scess into the pharynx, with subsequent aspiration
pneumonia, has been reported [8]. More recent au-
thors, however, have taken the approach of performing
a tracheotomy only when there is evidence of impend-
ing airway compromise by clinical criteria or CT [7].
This is in part due to the risk of introducing infection
into the lower airway perioperatively during the proce-
dure [7, 31–33]. Regardless, a low threshold for per-
forming tracheotomy is a prudent approach in these
patients.

Descending necrotizing mediastinitis is a surgical
emergency. As noted previously, despite the onset of
improved imaging, the mortality of this disease has not
changed dramatically in the last 20 years. This is felt in
part by many to be a result of inadequate initial surgical
drainage and debridement. Though there are some re-
ports of successful antibiotic management alone [20]
and CT-guided drainage of focal mediastinal abscesses
[34], most agree that aggressive surgical drainage is the
cornerstone of therapy [3, 5, 8, 25–27, 35]. Transcervi-
cal drainage was the traditional approach to descend-
ing necrotizing mediastinitis; however, this was felt by
many to be inadequate, particularly when there was ex-
tension of necrosis below the level of the fourth thorac-
ic vertebrae [3]. In cases that involve the anterior medi-
astinum a subxiphoid incision combined with subman-
dibular incisions has been used [26, 27]. However, most
surgeons advocate drainage by thoracotomy when me-
diastinitis involves either the pleural space, pericardial
cavity, or the inferior mediastinum [8, 35]. Several risks
are associated with standard thoracotomy including
osteomyelitis, phrenic nerve palsy, and sternal dehis-
cence [36]. Some authors have reported successful
treatment of descending necrotizing mediastinitis, in-
volving the posterior and lower mediastinum, using
video-assisted thorascopic surgery [6, 36]. In patients
suspected to have posterior mediastinitis, particularly
in the case of post-esophagectomy, transesophageal
echocardiography and guided fine-needle aspiration
has also been reported to be useful in both diagnostic
and therapeutic management of the disease [37]. More
recently, some authors have reported favorable results
in the treatment of descending necrotizing mediastini-
tis using percutaneous catheter drainage versus the
conventional surgical approach. Percutaneous catheter

drainage is a less invasive procedure associated with a
decreased propensity to develop secondary infections
[38]. Post-operative fever that persists, or lack of clini-
cal improvement, should prompt a repeat CT to search
for undrained sources of infection [8].

Empiric antibiotic therapy coverage should be initi-
ated as soon as possible. Antibiotic coverage should be
broad and directed toward those organisms most likely
to be implicated in this infection. Regimens with activi-
ty against Gram-positive organisms, including Strepto-
coccus and Staphylococcus spp., parapharyngeal faculta-
tive anaerobes, and Gram-negative aerobic organisms,
are most appropriate. Penicillin G has activity against
the oral flora both aerobic and the facultative anaerobic
bacteria and can be used as part of an initial regimen.
However, many of the Prevotella spp. have acquired q -
lactam resistance, so clindamycin or metronidazole
would be necessary, along with another antibiotic with
Gram-negative activity. Alternatively, single-agent em-
piric therapy with a broad spectrum q -lactamase resis-
tant penicillin, such as imipenem, piperacillin/tazobac-
tam, ticarcillin/tazobactam, or ampicillin/sulbactam,
can be used. Antibiotic therapy can be further refined
once surgical culture results become available. Anaero-
bic coverage should be continued regardless of culture
results, however, given that anaerobic bacteria are fre-
quently difficult to recover. The duration of antibiotic
therapy must be tailored to the clinical response of the
patient but frequently is on the order of weeks.

51.3
Mediastinitis Resulting from Esophageal
Perforation

Disruption of the esophagus results in the spillage of
salivary secretions and food particles directly into the
mediastinum. Prior to the onset of modern cardiotho-
racic surgery, esophageal perforation was the most
common cause of mediastinitis in the first half of the
twentieth century [1]. While oropharyngeal flora plays
a role in the pathogenesis of mediastinitis due to esoph-
ageal perforation, there remain significant differences
in presentation, diagnosis, and surgical management
between this entity and mediastinitis arising from head
and neck infections.

The most common causes of esophageal perforation
are iatrogenic [39–41] and secondary to endoscopy,
esophageal dilation procedures, complications of vari-
ceal banding or electrocautery, breakdown of surgical
anastomoses after esophageal resection, or inadvertent
perforation during head and neck surgery [42–44]. Pa-
tients who develop perforation after instrumentation
generally have some underlying esophageal disease
[46]. Case reports of migration of dislodged cervical
fixation devices or cervical bone fragments eroding in-
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to the esophagus have been noted [47]. Hyperextension
injuries of the cervical spine and other trauma to the
neck and chest are also causes of esophageal rupture.
Deceleration injury resulting in thoracic esophageal
perforation has also been reported [48]. Glatterer et al.
[45] reviewed 26 cases of esophageal perforation and
found that 21 of these cases were due to cervical injury,
of which four were due to blunt trauma. Another cause
of esophageal injury is erosion due to foreign bodies
lodged within the esophagus, particularly in patients
with underlying esophageal pathology [49]. Finally,
malignancy, ingestion of caustic substances, and eme-
sis are well-recognized sources of perforation. Perfora-
tion due to malignancy has a worse outcome and may
be related to a tendency towards a more conservative
approach [40, 46].

Because esophageal injury results in the spillage of
oropharyngeal secretions into the mediastinum, the
microbiology is very similar to that found in mediasti-
nitis secondary to odontogenic disease. These infec-
tions are generally polymicrobial in nature. Gram-pos-
itive organisms such as Streptococcus and Staphylococ-
cus spp. along with facultative and obligate anaerobes
from the oropharyngeal flora are frequent causative
pathogens. Gram-negative enteric bacteria have also
been identified from culture. Candida spp. frequently
colonizes the human esophagus and has also been
identified in infections [42].

51.3.1
Signs and Symptoms

Mediastinitis arises as a complication of esophageal
perforation often because the perforation is missed. Im-
mediately after an injury occurs, the classic symptoms
of chest pain and subcutaneous emphysema are often
absent. In individuals with head and neck trauma, the
diagnosis may be obscured by more apparent injuries.
Patients may present with chest pain, shortness of
breath, nausea, and malaise. Dysphagia and odynopha-
gia have been reported, especially in cases involving for-
eign bodies. Pediatric cases of foreign body ingestion
can have excessive salivation or what appears to be new
onset asthma [50]. Cervical esophageal injury can pre-
sent with pain and tenderness in the neck, resistance in
the neck to passive motion, cough, stridor, hoarseness,
or bleeding in the mouth. Lower thoracic injuries can
present as a rigid or tender abdomen, along with a me-
diastinal crunch on auscultation due to pneumomedia-
stinum. In individuals with blunt or penetrating trauma
to the neck or chest, subcutaneous emphysema, hema-
toma of the neck, and blood return from nasogastric
tube have also been associated with perforation [45]. As
the process advances, neck erythema, swelling, and fe-
ver become apparent, finally progressing to septic
shock and multisystem organ failure.

As with infections arising from the head and neck,
mediastinitis from esophageal perforation will often
present with complications of infection. Extension into
the pleural space can lead to pneumothorax, hemotho-
rax, and empyema. Purulent pericarditis can be seen.
Esophageal fistula formation is a late complication of
infection, which can result in communication with the
skin, respiratory tract, or vascular structures in the me-
diastinum and neck [45, 51]. Exsanguination from aor-
toesophageal fistulas has been reported [50].

51.3.2
Diagnosis

There is no single best test to diagnose esophageal per-
foration. Oral contrast studies performed with a water-
soluble material, such as Gastrografin, will often reveal
a disruption. This is generally the safest method for
rapid diagnosis and should be the first step in evalua-
tion of a suspected esophageal perforation. However, in
several reviews water-soluble contrast studies have
been associated with a false-negative rate of between
20% and 50% [45, 52, 53]. This has led some authors to
recommend performing barium swallow studies or en-
doscopy if the initial water-soluble study is negative
[45, 50]. Other imaging modalities, such as CT and
MRI, are useful in defining the extent of mediastinal in-
volvement, but lack detailed visualization of esophage-
al anatomy. Plain radiography can give some clues to
the underlying diagnosis of an esophageal perforation
and mediastinitis, but lacks adequate sensitivity [45].
Cervical or mediastinal air, mediastinal widening,
pleural effusion, pneumothorax, or mediastinal air-flu-
id levels all can be seen. Occasionally, a foreign body
can be identified on plain film.

51.3.3
Treatment

Success in treating mediastinitis secondary to esopha-
geal perforation rests partially on the rapid diagnosis
of the underlying perforation. A detailed history is im-
portant to identify risk factors for disruption such as
violent emesis, recent endoscopic procedures, and in-
gestions. Often in trauma cases a history is unavailable
and instead a high index of suspicion must be present,
particularly in injuries to the neck and penetrating
chest wounds. Contamination of the paraesophageal
space with saliva and bacteria occurs early in the
course of injury, and delay in diagnosis leads to exten-
sion of infection. Several authors have shown increased
mortality if the delay in diagnosis is greater than
12–24 h [42, 51]. However, more recent studies have
shown less of an association with outcome and time to
diagnosis [40, 46]. When esophageal perforation is sus-
pected, the patient should be made NPO to minimize

51.3 Mediastinitis Resulting from Esophageal Perforation 547



further contamination and empiric antimicrobial ther-
apy should be instituted.

As with descending head and neck infections rapid
institution of broad-spectrum antimicrobials is essen-
tial. Candida spp., as noted above, is frequently isolated
from culture and empiric antifungal therapy, particu-
larly in patients at high risk for invasive fungal disease
(e.g., prolonged ICU stay, prior broad-spectrum antibi-
otic use, and neutropenia), should be considered [39].

Surgical management of esophageal perforation re-
mains somewhat controversial. Some have advocated
conservative management with antibiotic therapy,
nothing by mouth, and interventional radiology-
placed drainage, nasogastric drainage, and supplemen-
tal enteral or parenteral nutrition for contained perfo-
rations without sepsis [46]. The use of esophageal
stents [55] to contain perforations and thorascopic
drainage of the mediastinum [56] have also been re-
ported. Most do agree, however, that in patients with
circumferential or multiple disruptions of the esopha-
gus, intra-abdominal perforations, uncontained perfo-
rations, and evidence of mediastinitis or sepsis, surgi-
cal intervention is warranted [40]. Surgical techniques
of repair perforations vary by surgeon and center. The
techniques are influenced by the underlying co-mor-
bidities and overall operative risk in a particular pa-
tient. These procedures include primary repair with or
without pleural or muscular buttress, esophagectomy,
T-tube drainage, and cervical esophagostomy.

Recent studies have shown some improvement in
mortality from infections due to esophageal leaks, with
current rates of 4–25% [40, 46], versus 15–44% [42,
45] in the late 1980s. There has not been a significant
change in the time to diagnosis [46], however. Whether
advances in intensive care management or refinement
in selection of surgical approach account for the de-
creased death rate is unclear. Despite this, infections
due to esophageal perforation remain a significant
source of morbidity and mortality.

51.4
Mediastinitis as a Complication
of Cardiac Surgery

With the advent of cardiopulmonary bypass, the mod-
ern era of cardiothoracic surgery became a reality. It
was recognized early that infections of the sternum
could easily extend into the mediastinum and carry se-
rious consequences. Though the incidence of post-op-
erative deep wound infection has been between 0.23%
and 2.7% in most large studies [59–65], the mortality
has been between 14% and 41% [59, 61–63, 67]. These
infections are associated with significant morbidity;
median hospital length-of-stay for an infected patient
is double that of non-infected patients [67]. Additional-

ly, many infected patients need to undergo repeated
surgical procedures. Often, patients who survive the in-
fection are left with chronic pain and significant chest
wall deformity. Despite the relatively low incidence of
mediastinitis from cardiac surgery, the sheer number
of procedures performed each year have made it the
most common cause of acute mediastinitis today.

Host risk factors for mediastinitis after cardiac sur-
gery include diabetes mellitus [63, 64], obesity [63, 65],
and extended preoperative hospital length of stay [66].
Perioperative risk factors include use of intra-aortic
balloon pump or other inotropic support [65], exces-
sive aortic cross-clamp and by-pass time [69], re-explo-
ration or emergent surgery [63, 65, 69], prolonged
post-operative mechanical ventilation [70, 71], and
concurrent saphenous vein graft harvest site infection
[63]. Several other procedures such as pre-operative
chest hair removal by razor shaving [64], reliance on
electrocautery for dissection [69], and use of bilateral
internal mammary arterial grafting in diabetics [65]
have all been associated with increased risk of deep
sternal wound infections.

Cardiac transplantation procedures warrant special
discussion. Several studies have documented sternal
wound infection rates following cardiac transplant of
approximately 2.5% [72, 73]. Risk factors specifically
associated with mediastinitis after cardiac transplant
include prior mediastinotomy, ischemic cardiomyopa-
thy, and early acute rejection requiring the use of ste-
roids and murine-monoclonal CD-3 antibody (OKT3)
[72, 73]. Donor-to-recipient transmission of bacteria
has also been reported as a cause of mediastinitis [74].

51.4.1
Microbiology

The microbiology of mediastinitis following cardiac
surgical procedures differs from infections which arise
from head and neck or esophageal sources. This is due
to the skin being the supposed primary site of entry.
Several studies have noted an approximately 60% posi-
tive culture rate when sternal wounds were explored.
Gram-positive organisms are the predominate organ-
ism isolated in sternal wound cultures [59, 61, 63, 65,
67, 75], with Staphylococcus aureus as the most com-
mon organism isolated, followed by coagulase-negative
Staphylococcus and Enterococcus spp. Some more un-
usual organisms, such as S. pneumoniae and Aspergil-
lus flavus, have been reported as causative agents [76,
77]. Gram negative bacteria are present in approxi-
mately 20–40% of infections and commonly include E.
coli, Enterobacter spp., Serratia spp., Klebsiella spp.,
and Pseudomonas species [62, 63, 67, 75]. Post-opera-
tive infections with Candida spp. [78] have been associ-
ated with prolonged pre-operative antibiotic use. The
rate of candidemia in these patients was 75% in one
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study [78]. Anaerobes, such as Proprionobacterium ac-
ne, Bacteroides spp. [80, 81], have been identified as
causative agents in a number of cases. Other more un-
usual pathogens, such as Corynebacterium xerosis [82]
and Mycoplasma hominis [83], have been rarely re-
ported. M. hominis can be missed due to slow growth in
anaerobic media. Compared to mediastinitis due to
head and neck or esophageal sources, post-operative me-
diastinitis is polymicrobial in nature only 10% of the
time [66, 75]. Bacteremia occurs in 23–57% of patients
with mediastinitis and has been associated with in-
creased mortality [58]. Conversely, in individuals who
are bacteremic after coronary artery by-pass, deep ster-
nal wound infections were the cause in 67% of the cases
in one study [79]. There have been cases of hematoge-
nous seeding of the wound site from catheter-associated
bacteremia [86]. Mediastinitis after cardiac transplanta-
tion also is most frequently due to Staphylococcus spp.,
followed by Gram-negative bacilli; however, some oppor-
tunistic organisms, such as Nocardia spp. [73, 74, 84] and
Aspergillus spp. [85], have been reported.

Rapid-growing mycobacterium are an unusual
group of pathogens associated with post-sternotomy
mediastinitis. M. fortuitum, M. chelonei, and M. smeg-
matis have all caused deep sternal wound infections.
Porcine heterograft valves contaminated with M. chelo-
nei [87–89], and ice for cooling cardioplegic solution
contaminated with M. fortuitum [90], have been re-
sponsible for epidemic outbreaks of mediastinitis in
cardiothoracic units. Clinically, infections with the rap-
id-growing mycobacterium tend to be more indolent,
with the formation of cold abscesses and fistulas [91] or
minimal inflammatory signs [92]. However, infections
with these organisms can result in breakdown of vein
graft anastomotic sites and aortic pseudoaneurysms
due to vasculitis [90]. Rapid-growing mycobacterium
should be considered in those patients with evidence of
deep sternal wound infection post-sternotomy, but
negative routine cultures [93].

51.4.2
Signs and Symptoms

Mediastinitis after cardiac surgery can present as late as
3–6 months after surgery; however, the average time to
presentation is 7–15 days post-procedure [61, 67].
Wound drainage, which occurs in 70–100% of cases, er-
ythema, increased pain at the operative site, and fever
have been observed in case reviews of post-surgical me-
diastinitis [61, 94]. Though wound drainage is frequently
present, it is non-specific. Sternal instability and sternal
dehiscence, either partial or complete, are indicators of
underlying deep infection; however, they are reportedly
present in only 25–60% of mediastinitis patients [57]. In
one study dehiscence was observed to occur 24–48 h af-
ter onset of wound drainage [64]. Drainage through the

sternotomy wound that bubbles with respiratory chest
wall motion is indicative of deep infection in the medias-
tinum; in one pediatric series all patients with this find-
ing had anterior mediastinal involvement [80]. Laborato-
ry data is generally limited in usefulness. Leukocytosis
[62, 64, 95] is the most common laboratory finding in
mediastinitis. In a small percentage of patients, leukocy-
tosis and persistent fever may be the only presenting
signs of mediastinal infection.

Post-sternotomy mediastinitis can be associated
with serious complications. Empyema and pericarditis
from direct extension of infection can be seen, along
with sepsis, and multisystem organ failure. Endocardi-
tis has been seen in valve replacement surgery and car-
diac transplantation. Coronary artery graft anastomot-
ic breakdown and aortic graft dehiscence with fatal ex-
sanguination have also been reported [68].

51.4.3
Diagnosis

The diagnosis of post-operative mediastinitis is based
on a high clinical index of suspicion. No single test is de-
finitive. Several studies have looked at the utility of
wound and epicardial lead cultures in the diagnosis of
mediastinitis. Surface wound cultures in one review
were not sensitive, yielding the causative pathogen in
only 6 of 15 cases [68]. Cultures of epicardial pacemaker
leads, given their position in the anterior mediastinum
and ease at which they can be removed under sterile
conditions for culture, have been looked at as a diagnos-
tic tool. However, one large study showed that the over-
all positive predictive value of epicardial cultures was
only 11.6%, and only slightly better with S. aureus-posi-
tive cultures [60]. The role of chest radiography is limit-
ed in the diagnosis of deep sternal wound infections. In-
dium scanning has been evaluated in a small study,
which showed an 83% sensitivity rate [96]. Computer-
ized tomography can be used for diagnostic purposes
[73, 96], but again there are conflicting reports of the
sensitivity and specificity of the technique. Yamaguchi
et al. studied the diagnostic validity of CT for mediasti-
nitis following cardiac surgery and found a sensitivity of
67% and specificity of 83% in a small case series of pa-
tients. By post-operative day 14, the authors found both
the sensitivity and specificity of CT as a diagnostic mo-
dality to reach 100% [96]. CT can identify fluid collec-
tions to sample for evidence of infection (Fig. 51.2). It is
also useful in following patients after debridement and
drainage. Benlolo reports the use of sternal puncture as
a diagnostic procedure to be helpful in achieving an ear-
lier diagnosis of post-sternotomy mediastinitis, thereby
leading to decreased morbidity/mortality and shorter
length of ICU stay [97]. Bedside sternal aspiration can
therefore be useful in making a diagnosis and obtaining
early culture results to guide antibiotic therapy [98].
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Fig. 51.2. Mediastinal abscess following median sternotomy.
Computed tomography scan 3 weeks following coronary ar-
tery bypass grafting shows soft tissue stranding of the retro-
sternal fat (arrows). A prevascular fluid collection is also pre-
sent as well as abundant gas bubbles (arrowheads). (From Lee
KT, Sagel SS, Stanley RJ, Heiken JP. In: Computed body tomog-
raphy with MRI correlation, vols 1, 2. 4th edn. 2006, Lippincott
Williams and Wilkins, with permission)

51.4.4
Treatment

Antibiotic therapy alone for mediastinitis is generally
inadequate, and should be viewed as an adjuvant to
surgical treatment. Antimicrobial therapy should be
empirically started when post-operative infection is
suspected. Coverage should include anti-staphylococ-
cal coverage and, given the significant proportion of
cases in which Gram-negative organisms are isolated, a
broad-spectrum antibiotic with activity against cepha-
losporinase-producing organisms, such as Enterobac-
ter spp., should be given. Therapy should then be tai-
lored to cover organisms found in intra-operative spec-
imens and is generally on the order of 4–6 weeks of in-
travenous therapy, or longer in cases with significant
sternal osteomyelitis. Initial surgical management of
mediastinitis in the past consisted of debridement of
necrotic or infected tissue, especially sternal bone, with
the mediastinum left packed open to close by second-
ary intention. This approach resulted in a high morbid-
ity, often complicated by pneumonia [94], prolonged
hospital stay, abnormal thoracic wall mechanics, and
cosmetic deformity.

Surgical treatment at present varies, and is partially
dependent on the viability of the sternum at the time of
surgery. Approaches in which the sternum is relatively
intact include debridement with rewiring of the ster-

num, and percutaneous drainage, either as a single
staged procedure, or after several days of open irriga-
tion. Some have also advocated the use of continuous
sternal irrigation with antibiotic or povidone-iodine so-
lutions either in a closed procedure [99], or as follow-up
of open debridement and re-wiring. Closed continuous
sternal irrigation is able to maintain normal chest wall
mechanics compared to open procedures, however, has
been reported to have a high failure rate and an associa-
tion with iodine toxicity when povidone-iodine was
used as an irrigant [100, 101]. Several studies have
looked at rigid fixed closure or modified re-wiring of the
sternum after open debridement [102]. When there has
been significant evidence of sternal destruction or re-
currence of infection, frequently a large dead space is
present after debridement. This often requires the use of
muscle or omental flaps to both obliterate the dead
space and achieve closure of the wound. Generally, this
has been done as a staged procedure, particularly if a
significant amount of infected, devitalized tissue is pre-
sent, but in some series patients with relatively clean
wound margins have had closure with myocutaneous
flaps at the time of initial debridement and irrigation
[103]. More recently, vacuum assisted closure therapy
post-medial sternotomy has been advocated by some as
first line therapy. This method has been shown to de-
crease wound edema, decrease the time to definitive clo-
sure and decrease bacteria colony counts in the wound,
leading to lower rates of infection [104]. Others have ex-
amined the use of omental flaps as an adjunct to pecto-
ralis muscle flaps. The advantages of using omentum in-
clude both availability and a characteristic highly vascu-
lar nature. In the small group of patients who underwent
this procedure, the authors report no major post-opera-
tive complications and report the laparoscopic tech-
nique used in the study to be less invasive and useful in
harvesting omentum [105]. While major plastic surgery
allows for chest wall closures, long-term it can result in
chronic pain, paresthesia, sternal instability, or shoul-
der weakness [106]. There are also rare reports of myo-
cardial hemorrhage post-debridement, with puncture
of the myocardium by the sternal edge [107, 108]. The
ideal surgical management for patients with post-ster-
notomy mediastinitis remains to be defined.

51.5
Chronic Fibrosing Mediastinitis and Other
Uncommon Causes of Mediastinitis

There are several infectious causes of mediastinitis,
which can present with a more insidious course consist-
ing of adenopathy and progressive fibrosis of mediasti-
nal structures. This can result in pulmonary artery fi-
brosis with pulmonary hypertension, tracheobronchial
stenosis, esophageal obstruction or esophago-respira-
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tory fistulas, and superior vena caval obstruction. His-
toplasmosis capsulatum is the organism most frequently
associated with mediastinal fibrosis [109], though My-
cobacterium tuberculosis [110], Blastomyces dermatiti-
dis [112], and Wuchereria bancrofti [113] have been re-
ported to result in similar syndromes. H. capsulatum is
thought to cause mediastinal fibrosis from ongoing
seepage of fungal antigens from granulomas in the me-
diastinal tissue resulting in a host hypersensitivity re-
sponse [114]. Patients with chronic fibrosing mediasti-
nitis can present with symptoms of cough, dyspnea,
pleuritic chest pain, hemoptysis, dysphagia and superi-
or vena cava syndrome, but the time between presenta-
tion of initial symptoms and late sequelae may last sev-
eral years. In areas associated with endemic TB and his-
toplasmosis, a high level of clinical suspicion is warrant-
ed due to the nonspecific nature of symptoms and find-
ings on exam. The definitive diagnosis is made through
mediastinoscopy or thoracotomy [115]. There are vari-
ous case reports on treating idiopathic fibrosing media-
stinitis with corticosteroid therapy, but management of
this disease overall remains unclear [115]. Inhalational
exposure to the spores of B. anthracis may result in a
mediastinitis. This has received attention in recent
years due to concerns of the use of anthrax in biological
warfare [120–122]. The infection results in a primary
focal hemorrhagic, necrotizing pneumonia and can
cause bloody pleural effusions [123]. Another striking
finding in the clinical course of inhalational anthrax is
the development of rapidly progressive hemorrhagic
thoracic lymphadenitis and mediastinitis [121]. The
significant amount of third-space fluid shift into the
mediastinum can result in stridor, chest pain, and cya-
nosis from compression of the tracheobronchial tree
[124]. Inhalational anthrax generally follows a biphasic
clinical course. In the initial stage, patients can present
with a nonspecific prodrome of malaise, myalgia, non-
productive cough, and fever followed by a short period
of improvement. The second stage lasts up to 24 h and is
marked by significant clinical deterioration, with the
development of acute respiratory distress, hypoxemia,
large pleural effusions septic shock and multiple organ
dysfunction [123, 125]. Patients can rapidly progress to
intravascular collapse and death. A widened mediasti-
num and significant pleural effusions may be seen on
chest radiographs.

Hematogenous seeding of the mediastinum is un-
usual but has been reported. Salmonella spp. has been
associated with mediastinitis from hematogenous dis-
semination [117]. S. pyogenes [118] and S. aureus [119]
have also resulted in mediastinitis after bacteremia.

Finally, mediastinitis has been observed as a compli-
cation of central venous catheterization. Migration of
the catheter out of the vessel into the mediastinum re-
sults in an infiltration of the infusate and chemical me-
diastinitis [126].

Mediastinitis continues to be a challenge for the cli-
nician. For descending necrotizing mediastinitis an un-
derstanding of the anatomy of the head and neck is im-
portant in recognizing mediastinal infections which
originate in these structures. Likewise, in patients with
either esophageal disease or procedures performed on
the esophagus, signs or symptoms of infection should
warn the clinician of possible perforation. Understand-
ing risk factors for mediastinitis after cardiac surgery
and that deep sternal wound infections can often lack
clear clinical indicators is important. Computerized to-
mography still remains the diagnostic test of choice for
mediastinitis secondary to descending infection. For
cases in which esophageal perforation is suspected, an
oral contrast radiographic study can aid in diagnosis.
While no single diagnostic test has proven superior for
post-cardiac surgery mediastinitis, CT is helpful in
guiding the surgical approach. The treatment of media-
stinitis requires a high index of suspicion and prompt
initiation of both broad antimicrobial therapy and sur-
gical evaluation. This currently offers the best chance
of survival in these critically ill patients.
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52Pancreatic Infection
R. Hasanadka, C.P. Johnson, C.E. Edmiston, Jr

Pancreatic infection occurs most often as a complica-
tion of acute pancreatitis. The unique aspects of pan-
creatic inflammation predispose to secondary bacterial
infection, which occurs in approximately 5% of all
cases of acute pancreatitis. This review focuses on the
pathogenesis, microbiology and surgical management
of pancreatic infections, which occur as a complication
of acute pancreatitis.

52.1
Pathophysiology of Acute Pancreatitis

Acute pancreatic inflammation leads to a spectrum of
pathologic conditions ranging from mild edematous
pancreatitis which is usually self limited, to severe nec-
rotizing pancreatitis, a fulminant illness associated
with mortality rates approaching 50–70%. Clinical
and pathological severity of acute pancreatitis correlate
with the development of pancreatic and peripancreatic
necrosis. The unique predilection of the pancreas to
undergo autodigestive necrosis during acute inflam-
mation is due to the high content of lipolytic and pro-
teolytic enzymes that are contained within this exo-
crine gland. Although these enzymes are normally
stored in an inactivated precursor form, they may be-
come activated following various physiologic stressors
such as toxin exposure, direct trauma, viral infection
and ischemia.

The two most common causes of acute pancreatitis
are alcohol ingestion and biliary tract disease (gall-
stones). These two etiologies comprise over 90% of
cases. The relative frequencies of alcohol and biliary
disease vary depending on the population studied. In
rural areas of the United States and in Europe, gall-
stone-pancreatitis predominates, while in large urban
areas alcohol is the primary cause of acute pancreatitis
[1].

Additional etiologies for acute pancreatitis include
the postoperative state (following abdominal or thorac-
ic operations, especially coronary bypass procedures),
hypercalcemia, hypertriglyceridemia and drug-associ-
ated pancreatitis. Of the latter, asparaginase, azathio-
prine, valproic acid, sulfonamides, pentamidine, mer-

captopurine, mesalamine, and various nucleoside ana-
logues used to treat the human immunodeficiency vi-
rus are the most commonly implicated agents. Other
commonly prescribed drugs that have been implicated
in drug-induced pancreatitis include oral opiate prepa-
rations, furosemide, hydrochlorothiazide, estrogen
preparations, steroids, and metformin [2]. Endoscopic
retrograde cholangiopancreatography (ERCP) is the
cause of acute pancreatitis in up to 5% of cases. Finally,
in 10% of cases, no obvious inciting agent can be iden-
tified. However, about two-thirds of idiopathic pancre-
atitis has been shown to be due to microlithiasis of the
biliary tract [3].

Pancreatitis also occurs as a result of ischemia reper-
fusion injury in association with pancreas transplanta-
tion. The outcome in this situation may be loss of the
allograft, as the management of peripancreatic infec-
tion in conjunction with immunosuppressive therapy
is especially difficult.

The exact mechanisms by which various insults trig-
ger pancreatic inflammation are not known. Regard-
less, the clinical and pathologic severity appear related
to the extent of pancreatic enzyme activation and auto-
digestion which results in pancreatic and peripancreat-
ic necrosis. In addition to local release of pancreatic en-
zymes and consequent tissue damage, significant sys-
temic release (and toxicity) occurs as reflected by ele-
vated serum levels of amylase, lipase, and protease [4].
The clinical course in acute pancreatitis is typically not
related to the magnitude of serum enzyme elevation,
but rather other factors or criteria that may be present
on admission to the hospital or develop within the first
48 h of illness.

The most widely used classification system, initially
presented by Ranson [5], identified 11 factors that were
predictive of poor outcomes for acute pancreatitis. Us-
ing the classification as presented in Table 52.1, patients
with 0–2 criteria experienced almost no mortality. Pa-
tients with three or four had an expected mortality of
15% and approximately 40% require intensive care
support. Patients with five or six criteria had mortality
rates of approximately 50% and essentially all require
intensive care support. Patients with seven or more cri-
teria experienced mortality rates approaching 100%. It
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Table 52.1. Ranson’s early prognostic signs for acute pancreati-
tis. (Data from [5])

At admission
Age older than 55 years
WBC >16,000 cells/mm3

Blood glucose >200 mg/dl
Serum LDH >350 U/l
AST >250 U/dl

During initial 48 h
Hematocrit fall >10 points
BUN elevation >5 mg/dl
Serum Ca2+ fall to <8 mg/dl
Arterial pO2 <60 mmHg
Base deficit >4 mEq/l
Estimated fluid sequestration >6 l

WBC white blood cell, BUN blood urea nitrogen, LDH lactate
dehydrogenase, AST aspartate amino transferase

is important to recognize that these criteria were pub-
lished in 1974. Modern day outcomes are expected to be
better. Nonetheless, Ranson’s criteria are useful be-
cause patients can be identified early on for more ag-
gressive management which may include hemodynam-
ic monitoring, frequent computed tomography (CT)
scans and prophylactic antibiotics.

Other classification systems have been used in acute
pancreatitis. These include the Glasgow (or Imrie) crite-
ria [6], Acute Physiology and Chronic Health Enquiry
(APACHE) [7] and the Atlanta Symposium criteria [8].
These criteria and classification systems all have similar
predictive value for assessment of acute pancreatitis.

The complications of acute pancreatitis can be di-
vided into two phases: early and late. In both phases the
severity of complications is related to the intensity of
inflammation and the associated development of pan-
creatic and peripancreatic necrosis.

Early complications are related to extravascular flu-
id shifts that are associated with edema in the peripan-
creatic region and intestinal ileus. Additional fluid
shifts may occur in the form of pulmonary edema as
the lung serves as a target organ for released cytokines
and other mediators of pancreatic inflammation. Ele-
vated levels of interleukin-6 and C-reactive protein
(>150 mg/l) have been shown to be associated with
more severe forms of pancreatitis [9]. Pulmonary capil-
lary dysfunction has been linked to abnormalities of
circulating phospholipase A [10] to increased levels of
free fatty acids generated from the action of pancreatic
lipase [11] and to alteration of pulmonary surfactant
[12]. Up to 50% of patients with acute pancreatitis
show demonstrable impairment of pulmonary func-
tion, usually in the form of hypoxemia. This may be
subtle and manifest only as tachypnea or may be dra-
matic as occurs in adult respiratory distress syndrome
(ARDS). Despite advances in critical care medicine, pa-
tients with respiratory failure associated with acute

pancreatitis experience a high mortality rate [13, 14].
Bacterial translocation and/or alteration of the gut

mucosal barrier may be important in the pathophysiol-
ogy of early organ dysfunction in acute pancreatitis.
Endotoxin, a lipopolysaccharide derived from the outer
membrane of gram negative bacteria and a potent acti-
vator of inflammation, can be detected in the serum of
patients with severe pancreatitis [15]. Elevated endo-
toxin levels correlate with the syndrome of multiple or-
gan failure. However, it is not known whether this rela-
tionship represents cause or effect.

Patients with severe acute pancreatitis may also expe-
rience renal insufficiency. In many cases this is due in
part to hypovolemia. In animal models, renal tubular
cells have been shown to undergo apoptosis within sev-
eral hours of acute pancreatitis suggesting the role of hu-
moral mediators [16]. Acute renal failure, which does
not respond to fluid replacement, is a grave complica-
tion generally associated with overwhelming illness and
multiple organ failure. Mortality rates approach 100%.

Late complications of acute pancreatitis occurring
after 7 days are generally due to the development of sec-
ondary infection or pseudocyst formation. Of these,
pancreatic infection is associated with much greater
morbidity and will be the focus for the remainder of
this review.

52.2
Pancreatic Infection – Definitions

Secondary pancreatic infections occur in 2–5% of all
cases of acute pancreatitis and are responsible for more
than 80% of the late deaths associated with this disease.
The risk of infection is proportional to the severity of
illness as determined by Ranson’s criteria. Three kinds
of pancreatic infection occur: pancreatic abscess, in-
fected pancreatic necrosis and infected pancreatic
pseudocyst. Pancreatic abscess is a discrete, often cir-
cumscribed collection of purulent material within or
around the pancreas that contains little or no necrotic
tissue. Infected pancreatic necrosis, on the other hand,
is an infection within or around the pancreas that con-
tains nonviable tissue of pancreatic or peripancreatic
origin. Most commonly, it is the peripancreatic fat that
undergoes necrosis in response to acute pancreatic in-
flammation. Infected necrosis is by far the most com-
mon form of infection accompanying acute pancreati-
tis, constituting approximately 90% of infections [17].
Pure pancreatic abscess is relatively rare.

Both pancreatic abscess and infected pancreatic ne-
crosis occur as a progression or continuation of pan-
creatic inflammation and, therefore, develop within
2–4 weeks of the onset of initial illness. Pancreatic
pseudocyst develops after resolution of the acute illness,
usually after 4 weeks. By definition, pancreatic pseudo-
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cyst is a localized collection of pancreatic tissue, fluid,
debris, enzymes, and blood enclosed by a wall of fi-
brous granulation tissue and, thus, requires time to de-
velop. Most pancreatic pseudocysts are sterile, but they
may become secondarily infected either spontaneously
or as a consequence of instrumentation.

52.3
Pathogenesis of Infection

The pathogenesis of pancreatic infection in acute pan-
creatitis may be multifaceted, as there are several poten-
tial pathways by which microorganisms can reach the
pancreas or peripancreatic tissue during acute inflam-
mation. The most direct pathway is through the biliary
ducts, which contain bacteria in up to 90% of cases of
choledocholithiasis [4]. This would seem to be the most
likely pathway in gallstone pancreatitis. Another path-
way appears to be by way of translocation through the
adjacent transverse colon, either through direct spread
or via lymphatic channels [18]. Other possible routes in-
clude hematogenous [19, 20], via lymphatic channels to
the circulation [21, 22], and via ascites to the pancreas
[19, 21]. Experimental studies support both direct ex-
tension from the colon and transperitoneal migration.
Widdison et al. demonstrated in a feline model of acute
pancreatitis that radioactively labeled intestinal E. coli
were not recovered from the site of acute necrotizing
pancreatitis when the colon was enclosed in an imper-
meable plastic bag which prohibited direct bacterial
translocation [18]. Using a model of caerulein-induced
pancreatitis in rats, Medich et al. [23] concluded that
bacterial translocation leads to transperitoneal infec-
tion of the pancreas. These authors suggested that selec-
tive decontamination of the gut and peritoneal lavage
may prevent secondary pancreatic infection in acute
pancreatitis. In contrast, Arendt et al., using the same
model of acute pancreatitis, found that bacteria did not
spread through the peritoneal route [24].

In humans the mechanism for pancreatic and peri-
pancreatic infection in acute pancreatitis is not known.
However, the results of a prospective randomized trial
by Luiten et al. suggest a prominent role for enteric or-
ganisms [25]. These investigators examined the use of
selective gut decontamination in severe acute pancrea-
titis. Patients were entered into this trial according to
clinical or radiographic criteria that placed them at
high risk for development of secondary pancreatic in-
fection. The treatment group received oral colistin sul-
fate 200 mg, amphotericin 500 mg and norfloxacin
50 mg every 6 h until the episode of pancreatitis re-
solved clinically. The control group did not receive any
prophylactic antibiotics. The groups were equally
matched with respect to severity of pancreatitis as
judged by clinical and CT criteria. Secondary pancreat-

ic infection occurred in 20/52 (38%) of the control
group vs. 9/50 (18%) of the selective decontamination
group (p=0.03). Gram negative infection predomi-
nated in the control group (33%) whereas only 8% of
patients in the selective decontamination group devel-
oped gram negative pancreatic infection. Patients in
the control group developed more frequent complica-
tions such as requirement for bowel resections and fis-
tula formation and trended toward a higher mortality
rate (35% vs. 22%) although the latter difference did
not reach statistical significance (p=0.19). However,
when early mortality (due to the initial phase of acute
pancreatitis) was excluded, the difference in late mor-
tality was impressive: 10/44 (23%) for control and 3/42
(7%) for selective decontamination. The authors of this
study also demonstrated convincingly that gram nega-
tive pancreatic infection in the control group was pre-
ceded by intestinal colonization with the same gram
negative organisms. The results from this multicenter
trial reported by Luiten et al. provide strong evidence
for the role of gut-derived organisms in the pathogene-
sis of secondary infection in acute pancreatitis.

The risk of pancreatic infection rises steadily during
the course of illness from acute pancreatitis [26–28].
Beger et al. reported that 24% of patients undergoing
surgery within the first week for severe acute pancreati-
tis were infected and this figure rose to 46% after the
second week and 71% after the third week [26]. Similar
rates of infection were reported by Gerzof et al., who
performed CT-guided percutaneous aspirates [27], and
by Bassi et al., who examined smears taken intra-oper-
atively [28]. One should note that these figures are de-
rived from a selected subset of acute pancreatitis pa-
tients who are more ill and therefore undergoing diag-
nostic and surgical procedures.

The risk of secondary pancreatic infection in acute
pancreatitis is clearly related to the extent of pancreatic
and peripancreatic necrosis [29–31]. Using contrast-
enhanced CT scanning, Berger et al. demonstrated that
an increasing percentage of pancreatic necrosis was as-
sociated with an increasing risk of infection. Patients
with more than 50% necrosis had a 66% incidence of
infection, whereas patients with less than 30% necrosis
had a 38% incidence of infection (Table 52.2).

Because of the association between pancreatitis and
peripancreatic necrosis, one of the therapeutic goals in

Table 52.2. Correlation of the extent of pancreatic necrosis (as
determined from contrast enhanced CT scanning) and risk of
infection in 226 patients with severe acute pancreatitis. (From
[34])

Extent of necrosis Sterile (n=155) Infected (n=71)

<30% 57 35
30–50% 22 23
>50% 21 42
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the management of acute pancreatitis should be to de-
crease tissue necrosis. A variety of strategies have been
tried, including the use of high molecular weight dex-
tran [32], somatostatin [33, 34] and protease inhibitors
such as gabexate mesilate. The latter inhibits phospho-
lipase A2 [35, 36]. Unfortunately, none of these agents
has been found to be effective when administered in the
clinical setting.

Another strategy to decrease pancreatic and peri-
pancreatic necrosis may be early jejunal feeding. Targa-
rona et al. have shown that 44 patients, who received to-
tal enteral nutrition, had less morbidity and mortality
than 43 patients, who received TPN, in cases of severe
pancreatitis based on CT criteria [37]. The rate of in-
fected pancreatic necrosis was 20% when receiving en-
teral nutrition compared to 74% with TPN (p<0.001).
This was associated with lower rates of surgical inter-
vention (25% vs. 88%, p<0.001) and lower mortality
rates (5% vs. 35%, p<0.001). The mechanism for this
may be related to release of inhibitory GI hormones
such as PYY during jejunal feeding [38] and decreased
bacterial translocation [39].

52.4
Microbiology of Pancreatic Infection

Pancreatic or peripancreatic infection in the setting of
acute pancreatitis is most often caused by gram negative
enteric bacteria [40–42]. As many as 50% of infections
are polymicrobial [43]. Table 52.3 illustrates the spec-
trum of bacteria involved. The most common organism
isolated is E. coli, which occurs in 25–40% of cases. The
next most common organisms tend to be Pseudomonas
spp. [25, 40], although in some studies Enterobacter spp.
are more common [41]. Klebsiella spp., Proteus spp., Aci-
netobacter spp. and Citrobacter spp. have also been noted
[25]. Staphylococcus epidermidis and Staphylococcus au-
reus are the most common gram positive organisms iso-
lated. Enterococci are increasingly isolated as are Candi-
da (usually Candida albicans) in more recent reports [25,
41]. Infections with gram negative organisms seem to

Table 52.3. Bacteriology in severe acute pancreatitis (n=87
patients). (Adapted from [34])

Escherichia coli 25%
Staphylococcus aureus 17%
Pseudomonas spp. 15%
Klebsiella spp. 9%
Proteus spp. 9%
Candida 4%
Streptococcus faecalis 3%
Enterobacter spp. 3%
Anaerobes 16%
Monomicrobial 76%
Polymicrobial 24%

carry a higher mortality rate than infections with gram
positive organisms [44]. It should be noted that the pre-
ponderance of Pseudomonas and Staph. infections in
some series may be related to the use of percutaneous
drainage catheters.

The use of selective gut decontamination may modify
the bacterial flora found in secondary pancreatic infec-
tions. When a regimen of colistin, amphotericin and
norfloxacin was used, the percentage of gram isolates de-
creased from 61% to 21% [25]. However, of four gram
negative infections from 50 patients treated with this
combination of antibiotics, three of these involved resis-
tant strains of Pseudomonas aeruginosa or Klebsiella.

Anaerobic species have not been cultured frequently
from infections complicating acute pancreatitis. This is
perhaps surprising considering the close proximity of
the colon and a postulated role for direct extension of
organisms. The paucity of anaerobes could be in part
related to technical difficulties in culturing anaerobes
from intra-abdominal infections [45].

52.5
The Role of Prophylactic Antibiotics

The potential role of prophylactic antibiotics in pre-
venting secondary pancreatic infections in acute pan-
creatitis has been demonstrated in experimental stud-
ies [15]. In a rat model of caerulein-induced pancreati-
tis, Foitzik et al. compared several prophylactic regi-
mens: intravenous cefotaxime, intravenous imipenem,
selective gut decontamination (with polymyxin E, to-
bramycin and amphotericin) and full gut decontamina-
tion (the same oral antibiotics plus intravenous cefota-
xime). None of these regimens affected early mortality,
but animals receiving imipenem or full gut decontami-
nation demonstrated decreased bacterial counts in the
pancreas relative to controls [46].

Additional studies with the rat caerulein-induced
pancreatitis model have examined the prophylactic use
of intravenous ciprofloxacin and imipenem [47]. At
7 days, 75% of control rats (not receiving antibiotics) had
developed pancreatic infection with organisms similar to
those found in humans. Both ciprofloxacin and imipe-
nem significantly reduced the incidence of secondary in-
fection in these animals by roughly 50%. However, due to
the low numbers of animals surviving, the authors were
not able to show a difference in mortality.

In a feline model of pancreatic infection, Widdison
et al. demonstrated that cefotaxime was effective in re-
ducing bacterial counts in the pancreas when adminis-
tered 12 h after induction of pancreatitis [48]. However,
this model is clearly different from other experimental
models as pancreatitis is induced by ductal infusion of
glycodeoxycholic acid and live E. coli. Animals in this
study did not develop necrotizing pancreatitis and
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mortality did not occur in any of the groups. Therefore,
the relevance to human pancreatitis is uncertain.

The efficacy of antibiotic prophylaxis in acute pan-
creatitis is related to the properties of tissue penetra-
tion for specific agents. Trudel et al. demonstrated that
ampicillin does not achieve adequate concentrations in
pancreatic tissue in a model of canine pancreatitis [49].
Roberts and Williams also investigated penetration of
ampicillin into pancreatic tissue by measuring ampicil-
lin levels in pancreatic ductal fluid at the time of ERCP
[50]. In six of seven subjects, ampicillin was undetect-
able in the fluid.

In contrast, ciprofloxacin and imipenem consistent-
ly achieve good penetration into pancreatic tissue.
Buchler et al. examined pancreatic tissue levels for ten
different antibiotics in patients undergoing elective
pancreatic surgery [51]. They found that aminoglyco-
sides consistently failed to achieve significant tissue
levels in the pancreas. Extended-spectrum penicillins
including mezlocillin, piperacillin and third generation
cephalosporins such as ceftizoxime and cefotaxime
achieved minimum inhibitory concentrations that in-
hibited most, but not all, of the common infecting or-
ganisms. Ciprofloxacin and imipenem achieved bacte-
ricidal levels against most organisms.

Acute inflammation may alter the penetration charac-
teristics of antibiotics. Foitzik et al. demonstrated in a rat
model of acute pancreatitis that cefotaxime tissue levels
may vary according to changes in capillary blood flow
and pancreatic edema [52]. Interestingly, tissue imipe-
nem levels do not seem to be altered by changes in blood
flow or inflammation. It has been shown, in addition,
that ofloxacin (from the fluoroquinolone class) achieves
bactericidal tissue levels in normal and inflamed pancre-
as, but, more importantly, in pancreatic necrosis.

In human studies, Drewelow et al. have shown that
ceftazidime achieved adequate antimicrobial concen-
trations in both viable and necrotic pancreatic tissue in
three human subjects with acute necrotizing pancreati-
tis [53]. Bassi et al. examined penetration of several an-
tibiotics including aminoglycosides, perfloxacin, imi-
penem, mezlocillin and metronidazole into infected
pancreatic necrosis [54]. These samples were collected
by CT-guided needle aspiration or at the time of surgi-
cal intervention. The authors found that perfloxacin
and metronidazole consistently attained levels greater
than the MICs for the organisms found in necrotic tis-
sue. Aminoglycoside levels were consistently inade-
quate. Mezlocillin and imipenem were intermediate, al-
though imipenem tissue levels increased with time.

In summary, the third generation cephalosporins,
piperacillin, mezlocillin, fluoroquinolones, imipenem
and metronidazole achieve adequate pancreatic tissue
concentrations when given as prophylactic agents for
acute pancreatitis. The aminopenicillins (ampicillin),
first generation cephalosporins and aminoglycosides

do not achieve effective concentrations in pancreatic
tissue. It should be noted, however, that the relevance of
pancreatic tissue penetration to clinical efficacy in
acute pancreatitis is debatable since, in most cases, sec-
ondary infection occurs in peripancreatic necrosis.

52.6
Clinical Trials of Antibiotic Prophylaxis

The rationale for prophylactic antibiotic therapy in acute
pancreatitis is based on the widely accepted premise that
severe acute pancreatitis is commonly associated with
pancreatic and peripancreatic necrosis, which is, in turn,
susceptible to secondary infection. Thus, prevention of
infection should have a measurable impact on clinical
outcomes. Unfortunately, it has not been possible to
demonstrate unequivocal benefit for the use of prophy-
lactic antibiotics in acute pancreatitis. There are many
reasons for this. Many cases of pancreatitis are mild and
these patients are not at high risk for secondary infec-
tion. Studies which fail to include sufficient numbers of
patients with severe pancreatitis as determined by clini-
cal (Ranson, Imrie) or CT criteria may not show a differ-
ence in outcome with antibiotic prophylaxis. Further-
more, if enrollment criteria for antibiotic studies are
based on CT criteria that require establishment of pan-
creatic or peripancreatic necrosis, it may be too late for
antibiotics to alter the outcome. Nonetheless, Norback et
al. have been able to show a benefit with imipenem pro-
phylaxis using CT criteria for enrollment (see below).
The failure of early trials may have been related to use of
ampicillin and similar drugs that do not achieve good tis-
sue penetration. Recent studies provide stronger evi-
dence for a beneficial role of prophylactic antibiotics.

In 1993, Pederzoli et al. from Italy reported the results
of a multicenter randomized controlled trial [55]. Seven-
ty-four patients with severe pancreatitis, as judged by
Ranson’s criteria and with pancreatic necrosis proven by
CT scan, were randomized to receive imipenem 0.5 g in-
travenously every 8 h for 14 days or to a control group re-
ceiving no antibiotics. Pancreatic infection was con-
firmed by fine needle aspiration or at operation. Imipe-
nem reduced the incidence of secondary pancreatic in-
fection from 30% in control to 12% in treated patients
(p<0.001). However, multiple organ failure, need for op-
erative intervention and mortality were not reduced to
an equal extent and none of the differences in these out-
come measures achieved statistical significance. Of note,
there was a trend toward decreased mortality in the imi-
penem group (7.3% vs. 12.1%). Also, the rates of non-
pancreatic infection were significantly reduced in the an-
tibiotic treated group (14.6% vs. 48.5%). A weakness of
this study is the small number of patients overall and a
selection bias whereby only two of 16 patients with ex-
tensive (>50%) pancreatic necrosis were randomized to
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the control group. Thus, infection and mortality in the
control group were lower than expected making it diffi-
cult to detect a difference between control and treat-
ment arms.

In 1995, Sainio from Finland reported a randomized
controlled trial evaluating the use of cefuroxime, a sec-
ond generation cephalosporin, for prophylaxis of pan-
creatic infection in patients with alcohol-induced se-
vere pancreatitis [56]. Sixty patients were randomized
to receive either intravenous cefuroxime 1.5 g three
times daily or no antibiotics. Cefuroxime did not re-
duce the incidence of pancreatic sepsis, but significant-
ly decreased both the number of surgical interventions
(8 vs. 36, p=0.012) and mortality from 23% in the con-
trol group to 3% in the antibiotic group (p=0.028). The
reason for this dramatic effect on mortality is not clear,
especially in view of the fact that cefuroxime did not al-
ter the incidence of secondary pancreatic infection.

In another small study, Schwarz et al. in 1997 reported
26 patients with necrotizing pancreatitis proven by CT
scan, randomized to a regimen of ofloxacin plus metro-
nidazole versus no antibiotics [57]. The antibiotic regi-
men did reduce the number of gram negative pancreatic
infections (1/13 vs. 6/16), but the overall infection rate
and mortality were not significantly different.

Several uncontrolled studies support the use of pro-
phylactic antibiotics in severe acute pancreatitis. In the
previously cited study by Bassi [54], a series of 60 pa-
tients receiving either prophylactic perfloxacin or imi-
penem for severe pancreatitis were compared. Al-
though perfloxacin more consistently penetrated pan-
creatic tissue and exceeded the MICs for commonly
isolated organisms, imipenem was more effective at
preventing pancreatic infections (10% vs. 34%;
p<0.05) and lowering mortality (10% vs. 24%) al-
though the latter did not reach statistical significance.

In a retrospective review, Ho and Frey [17] also sup-
ported the use of prophylactic antibiotics for severe acute
pancreatitis. These authors reviewed 180 patients treated
over 14 years and grouped them into three periods. Dur-
ing 1982–1989 (50 patients) no prophylactic antibiotics
were used; during 1990–1992 (n=55) patients were giv-
en antibiotics in a non-uniform manner. From 1993 to
1996, 75 patients with severe pancreatitis and APACHE II
scores greater than 6 associated with abnormal CT find-
ings were given a 4-week course of intravenous imipe-
nem. A progressive decrease in the incidence of second-
ary pancreatic infection was noted over the three time
periods. During the most recent period, 20 of 75 (27%)
patients developed pancreatic infection. Moreover, mor-
tality was progressively lowered from 16% during
1983–1989, to 7% during 1990–1992, to 5% during
1993–1996. Due to the increasing numbers of patients
observed during these three time periods and use of the
APACHE scoring system, which may have included pa-
tients with slightly milder forms of pancreatitis, it is diffi-

cult to compare the results of this retrospective study to
the prospective studies which have been based on Ran-
son or Imrie criteria. Also, these authors included signif-
icant numbers of patients with peripancreatic fluid col-
lections only (without necrosis) whereas most of the ran-
domized trials have included primarily patients with ne-
crosis. Nonetheless, the overall results suggest a benefi-
cial role for prophylactic antibiotics in severe acute pan-
creatitis.

In 1998, Golub et al. performed a meta-analysis of
eight published trials of prophylactic antibiotics in
acute pancreatitis [58]. Using an endpoint of death,
their analysis revealed a positive benefit for prophylac-
tic antibiotics when limited to cases of severe pancrea-
titis and using antibiotics that achieve therapeutic pan-
creatic tissue levels such as imipenem and the fluoro-
quinolones. However, the validity of meta-analysis as
used to define the role of prophylactic antibiotics in
acute pancreatitis has been questioned [15] as varying
antibiotic regimens have been used and the majority of
studies have not been sufficiently powered to detect im-
portant clinical differences.

More recently, several prospective, randomized trials
have been published using various regimens of imipe-
nem and the fluoroquinolones. In 2001, Nordback et al.
showed a decrease in morbidity and mortality using a
prophylactic course of imipenem when compared to
waiting for signs and symptoms of infected necrosis [59].
Ninety patients identified to have necrotizing pancreati-
tis based on serum C-reactive protein (>150 mg/l) and
CT scan findings were randomized to receive imipenem
(1.0 g with cilastatin intravenously three times a day)
started within 48 h of admission versus waiting until the
diagnosis of infected necrosis was made either noninva-
sively (recurrent fever, >30% rise in WBC, and >30%
rise in C-reactive protein, ruling out other infectious eti-
ologies) or invasively with CT guided needle aspiration.
It was found that prophylactic administration of imipe-
nem decreased the need for surgery from 36% (n=14) to
8% (n=25) when compared to the control subgroup that
received delayed treatment (p=0.04). The rate of major
organ complications (pseudocyst, diabetes, acute respi-
ratory distress syndrome, pulmonary embolus, oliguria
>1 day, and need for hemodialysis) also reduced from
64% to 20% (p=0.008), and mortality was reduced from
36% to 8% (p=0.04).

Nordback’s group terminated antibiotic therapy
when patients were afebrile with a normal WBC count
and a C-reactive protein below 50 mg/l. The average du-
ration of prophylactic imipenem was not measured but
was believed to be greater than 2 weeks [59]. Maravi-
Poma et al. attempted to address whether prophylactic
imipenem needed to be given until resolution of symp-
toms or if a 14-day course was sufficient [60]. There was
no significant difference between the number of infec-
tious complications or mortality in patients random-
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ized to a 14-day course of imipenem vs. patients treated
until resolution of all infectious complications.

In 2003, Manes et al. questioned whether imipenem
was the best carbapenem for prophylactic therapy of
acute pancreatic necrosis [61]. In their study, 176 pa-
tients were prospectively randomized between receiv-
ing meropenem (500 mg intravenously every 8 h) and
imipenem (500 mg intravenously every 6 h). There was
no difference between the two groups. The incidence of
infected pancreatic necrosis was 11.4% (n=88) in the
meropenem group and 13.6% (n=88) in the imipenem
group. The incidence of extrapancreatic infections was
21.6% in the meropenem group compared to 23.9% for
the patients treated with imipenem. The rate of multi-
organ failure (7.9%) and mortality (12.5%) for the two
groups were similar. Manes et al. then concluded that
meropenem could be used as an alternative to imipe-
nem for prophylactic therapy.

Despite the large body of literature supporting the use
of prophylactic antibiotics in severe acute pancreatitis,
there remains some disagreement. Isenmann et al. argue
that the prior randomized trials are not appropriately
blinded [62]. In 2004, their group published results of a
multicenter, placebo-controlled, double-blinded trial
randomizing 119 patients between receiving prophylac-
tic antibiotics (ciprofloxacin 400 mg intravenously twice
daily and metronidazole 500 mg intravenously twice dai-
ly) and placebo in patients with severe acute pancreatitis,
defined as necrosis seen on CT imaging and a C-reactive
protein >150 mg/l. Patients were allowed to receive open
antibiotic therapy if they developed a systemic inflam-
matory response, two or more organ failure, extrapan-
creatic infection, or an increase in serum C-reactive pro-
tein. They found no benefit with prophylactic ciprofloxa-
cin/metronidazole under these conditions. The inci-
dence of infected pancreatic necrosis in patients with
necrotizing pancreatitis was 17% (n=41) in the treat-
ment group and 14% (n=35) in the placebo group. Mor-
tality was 7% and 11% respectively. With equivocal mor-
bidity and mortality, the authors argue an economic ba-
sis for reserving antibiotic therapy to treating signs of
sepsis rather than as prophylaxis.

It is commonly thought that prophylactic broad-
spectrum antibiotics will lead to increased numbers of
fungal infections. In an evidenced based review in
2006, Heinrich et al. found no increased risk for fungal
infection [63]. Their analysis also resulted in odds ra-
tios favoring the prophylactic use of antibiotics for in-
fected necrosis with imipenem (p=0.002) but not with
a quinolone and metronidazole (p=0.57). The odds ra-
tios for sepsis (p=0.01) and mortality (p=0.04) also fa-
vored prophylactic antibiotics.

Finally, the question of fostering antibiotic resistance
is raised when advocating prophylactic antibiotics. Ho-
ward and Temple evaluated their single center experience
by comparing operative cultures from treating 34 con-

secutive patients with infected pancreatic necrosis before
routine antibiotic use (1977–1992) and 61 patients dur-
ing the era of routine antibiotic use (1993–2001) [64].
While they did notice a shift from predominant gram-
negative species prior to routine prophylactic use to
mostly gram-positives when using imipenem for pro-
phylaxis, they did not notice a significant difference in
beta-lactam resistance or fungal infections.

In summary, there remains substantial evidence, ex-
perimental and clinical, to provide a rationale for pro-
phylactic antibiotics in severe acute pancreatitis. The
majority of published reports indicate a benefit and, to
date, there are no reports to suggest a worse outcome
due to infection with resistant strains or other adverse
outcomes. By using various clinical and radiographic
criteria, it is relatively easy to identify patients who are
at greatest risk for secondary pancreatic infection. It
would seem prudent to identify these patients as early
as possible and to administer prophylactic antibiotics
such as imipenem or meropenem.

52.7
Clinical Management of Pancreatic Infections
52.7.1
Presentation

Abdominal pain, tenderness and fever are the most
common symptoms and signs of pancreatic infection.
Unfortunately, these findings are neither sensitive nor
specific. Fever may be absent in up to 35% of patients
[65, 66]. Additional findings may include prolonged
nausea or vomiting and a palpable mass. In general, pa-
tients who do not resolve their symptoms of acute pan-
creatitis within 1 week should be suspected of develop-
ing pancreatic infection.

52.7.2
Diagnosis

There are no sensitive or specific laboratory markers for
pancreatic infection. Leukocytosis to a variable degree is
almost uniformly seen, but is certainly not pathogno-
monic for infection. Amylase and lipase values may re-
turn to normal despite the presence of pancreatic infec-
tion. Elevated serum levels of C-reactive protein, phos-
pholipase A2 and trypsinogen activation peptides have
been shown to correlate with the development of pancre-
atic and peripancreatic necrosis [67–72]. However, none
of these assays is specific for infection nor are they readi-
ly available in most hospitals, with the exception of C-re-
active protein. Currently, the diagnosis of pancreatic in-
fection requires radiologic imaging.

Contrast-enhanced computed tomography (CT
scanning) has become the gold standard for evaluating
the pancreas in acute pancreatitis. The value of CT
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Fig. 52.1. CT scan of a patient with severe pancreatitis and a
large peripancreatic collection tracking behind the ascending
colon. At operation, the collection contained a mixture of fluid
and necrotic tissue

scanning is greatly enhanced by intravenous injection
of contrast. In certain situations there may be hesitancy to
use intravenous contrast, but the information gained usu-
ally justifies its use. The contrast-enhanced CT scan de-
lineates normal homogeneously perfused pancreatic tis-
sue from under-perfused or nonviable pancreatic tissue.
In addition, extension of inflammation, fluid and necrosis
beyond the pancreas into retroperitoneal tissue planes
can be appreciated with CT scanning. It is often not possi-
ble to distinguish peripancreatic fluid from necrosis and
most often there is a combination of both (Fig. 52.1).

Several investigators have developed scoring sys-
tems to characterize the CT findings of acute pancreati-
tis [73]. Balthazar and colleagues have reported a grad-
ing system which correlates well with clinical course
and has predictive value similar to Ranson’s criteria for
assessing the risk of infection [74].

Definitive diagnosis of pancreatic infection requires
percutaneous CT-guided aspiration or direct operative
sampling of tissue or fluid. Blood cultures are often
negative or may reflect alternate sites of infection such
as pulmonary or central venous lines. Percutaneous
CT-guided aspiration of suspicious fluid collections has
been found to be safe and accurate for diagnosis but
probably not 100% reliable in excluding pancreatic in-
fection [75, 76].

The role of percutaneous CT-guided aspiration in
clinical management of pancreatitis continues to be de-
bated. The appearance of peripancreatic fluid collec-
tions or necrosis in a patient who is exhibiting recovery
from acute pancreatitis does not mandate immediate
intervention. Thus, percutaneous aspiration is less use-
ful in this situation. At the other extreme, patients who
are failing medical management in association with pe-
ripancreatic fluid collections and/or necrosis should
probably undergo operation anyway. It is the patient in

between the two extremes, with an unresolved illness
and positive findings on CT scan, who may benefit
from CT-guided aspiration. A positive aspirate man-
dates surgical intervention while a negative aspirate
permits continued close observation. It is important to
remember that patients should be re-aspirated if fluid
collections or inflammatory masses persist and illness
continues.

Gerzof and colleagues have reviewed the role of CT-
guided aspiration in diagnosis and management of
pancreatic inflammatory masses [77]. They evaluated
the outcome of 92 aspirations in the setting of acute
pancreatitis. Fifty of these aspirates were sterile. All of
these were judged to be true negatives on the basis of
cultures obtained at the time or surgery or by resolu-
tion of the pancreatic mass or fluid collection without
surgery. Forty-two aspirates were judged to have been
positive and all of these were confirmed by surgery or
catheter drainage. Of these 42, six were initially nega-
tive but positive on reaspiration. There were no signifi-
cant complications related to the procedure. The au-
thors emphasized that CT appearance together with
clinical findings cannot distinguish sterile vs. infected
inflammatory masses. They also demonstrated that
pancreatic infection occurs earlier than previously sus-
pected, with 55% of infections occurring within
14 days of the onset of pancreatitis. Their study and
others [78–81] emphasize the useful role of percutane-
ous aspiration in the evaluation and management of
complicated pancreatitis.

52.7.3
Management of Sterile Pancreatic Necrosis

Many patients with sterile pancreatic or peripancreatic
necrosis can be managed non-operatively. However,
this assumes a negative CT-guided aspirate and a re-
solving clinical course. Repeated aspirates may be nec-
essary in order to reduce the possibility of false nega-
tive results. Several authors have emphasized the need
for operative débridement in selected cases of sterile
necrosis [82–84]. There is clearly a subset of patients
with sterile necrosis and clinical deterioration who
probably benefit from an aggressive surgical approach
as outlined in the next section on management of pan-
creatic infection. There is no role for percutaneous
catheter drainage in sterile necrosis as this will serve
only to provide a route for secondary bacterial infec-
tion.

52.7.4
Management of Infected Necrosis

The vast majority of secondary pancreatic infections
are associated with pancreatic and peripancreatic ne-
crosis. As a result, these infections are not managed ad-
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equately using percutaneous techniques. Surgical treat-
ment requires adequate exposure of the pancreas
through a generous incision – either midline or bilater-
al subcostal. Patients with wide costal angles may be
easier to explore through subcostal incisions. The inci-
sion should be designed to achieve exposure of the pan-
creas and both paracolic gutters as directed by CT find-
ings. The anterior surface of the pancreas should be vi-
sualized by entering the lesser sac, if possible. Also, the
base of the transverse mesocolon should be examined
as should the paraduodenal area, tail of the pancreas
and the retroperitoneal spaces behind the ascending
and descending colon. Resection and débridement
should be limited to that which is easily performed by
digital dissection, using blunt forceps or by gently
pinching away necrotic tissue. Extensive resections
with concomitant hemorrhage should be avoided. We
believe a series of repeated gentle débridements is bet-
ter tolerated (and more effective) than one or two ma-
jor operations with heavy blood loss. At the initial oper-
ation, one should make a decision regarding number
and frequency of re-explorations. Traditional manage-
ment has consisted of a single extensive débridement
and placement of closed-suction drains [82]. However,
in recent years there has been increasing consensus
about the merits of repeated laparotomies for manage-
ment of necrotizing pancreatitis [83–87].

The repeated laparotomy approach involves a less
extensive initial débridement but multiple re-opera-
tions at 24–48 h apart. There are several advantages of
this method. Pancreatitis is a unique inflammatory dis-
ease, which may persist over a period of several days or
weeks. This is fundamentally different from other ab-
dominal inflammatory disorders such as appendicitis,
perforated ulcer or diverticulitis. Tissue damage, ne-
crosis and infection evolve over time and may progress
slowly. Thus a more prolonged (or repeated) surgical
approach may be better suited for the disease process.
We believe it is best to débride necrotic tissue gently.
This way, bleeding is minimized but, more importantly,
débridement is more complete and infection is better
controlled. Repeated operations can be tailored accord-
ing to the patient’s physiological condition and compli-
cations such as colonic necrosis or intestinal fistula can
be recognized as they occur. One disadvantage of the
multiple laparotomy approach may be an increased
risk of bowel injury associated with gauze packing.
This is especially likely with open packing techniques
or when gauze remains in contact with the intestine for
longer than 48 h. Our technique at the Medical College
of Wisconsin involves repeated gentle débridement
with temporary abdominal closure using either a Silas-
tic sheet or a Velcro device, the Wittmann Patch (Star-
surgical, Burlington, WI). The latter is especially useful
and well suited to the repeated laparotomy concept. Us-
ing either technique, it is possible to keep the abdomi-

nal contents enclosed and appropriately moist such
that iatrogenic fistulas are avoided. We use gauze pack-
ing only at the initial débridement or as required for
bleeding – but we try not to débride extensively such
that bleeding occurs. All débridements are performed
in the operating room. The numbers of débridements
vary but have ranged from 5 to 26. Using the concepts
of multiple, gentle débridements and temporary ab-
dominal closure, we achieved excellent results in a se-
ries of renal transplant recipients who developed nec-
rotizing pancreatitis [88].

In an effort to reduce the morbidity of repeated lapa-
rotomies, some centers have attempted a single lapa-
rotomy with closed continuous lavage [89]. In 2006,
Farkas et al. reported their single center results of treat-
ing 220 patients with infected pancreatic necrosis [91].
Their surgical approach was to perform a necrosecto-
my of any devitalized tissue via bilateral subcostal inci-
sions, which was followed by intraoperative lavage us-
ing 8–12 l of normal saline. Subsequently, 4–11 large
rubber drains were placed in the retroperitoneal space
to allow postoperative closed continuous lavage, which
lasted an average of 44.5 days with a median of 9.5 l of
normal saline used per day. Their overall mortality rate
was 7.7%. However, 48 (21.8%) patients required sub-
sequent surgery, 37 of whom developed a late abscess.
Five patients developed a colonic fistula that required
surgical resection with colectomy. Pancreatic fistulas
occurred in 24 patients, all of which closed either spon-
taneously or with octreotide/TPN therapy. Total hospi-
tal stay of surviving patients was a median of 45.5 days.

The overall results for surgical management of in-
fected pancreatic necrosis have improved significantly
in recent years [82, 84, 87]. With adherence to the
above-mentioned principles, mortality rates have de-
clined into the 10–20% range.

52.7.5
Management of Pancreatic Abscess and Infected
Pancreatic Pseudocysts

Occasionally a pure pancreatic abscess (without necro-
sis) may present. These probably originate as peripan-
creatic fluid collections which then become secondarily
infected. As an isolated fluid collection it may respond to
percutaneous catheter drainage. Infected pseudocysts
may also be managed effectively with percutaneous
drainage. In either case, a pancreatic fistula may ensue if
the fluid collection (or pseudocyst) exhibits a connection
to the pancreatic ductal system. This can be determined
by performing an ERCP either before or after drainage.
In the case of a suspected pancreatic abscess, it should be
re-emphasized that the majority of these “fluid collec-
tions” are in fact found to contain substantial amounts of
necrotic tissue (as illustrated in Fig. 52.1). Therefore sur-
gical drainage remains the preferred treatment.
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52.8
Summary

The overall risk of pancreatic infection in acute pancre-
atitis is approximately 5% but this may rise to 30–50%
in cases of severe pancreatitis. The natural history of
pancreatic infection is that it arises most commonly
from enteric bacteria. There is sufficient evidence for a
beneficial effect of prophylactic antibiotics in severe
pancreatitis such that patients who meet appropriate
criteria, early in the course of severe pancreatitis,
should receive a course of antibiotic therapy such as
imipenem or meropenem until clinical recovery oc-
curs. The presence of pancreatic or peripancreatic ne-
crosis itself does not mandate surgical intervention, but
should prompt consideration of a diagnostic percuta-
neous aspirate to detect early infection. Patients with
negative aspirates should undergo repeated aspirates as
dictated by clinical progress or surgical intervention if
deterioration occurs. Patients with positive aspirates
should undergo prompt surgical intervention, as there
is no role for medical or percutaneous management of
infection in the presence of pancreatic or peripancreat-
ic necrosis. Patients who are admitted to a medical ser-
vice for management of acute pancreatitis should be
seen in consultation by surgeons experienced in the
management of pancreatic infection.
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53Urinary Tract Infections
D. McRackan, C. Carson

Infection of the urinary tract (UTIs) represents one of
the most commonly encountered disease processes in
medicine. The spectrum of the illness severity is as
wide as that of the patient population affected. In the
US alone, urinary tract infections account for over sev-
en million physician visits and require over 100,000
hospitalizations annually [1]. The financial burden of
this is over 2 billion dollars per year, 500 million dollars
of which is required to contend with nosocomial infec-
tions [1]. Of hospitalized patients, 3% develop an infec-
tion of the urinary tract, representing 40% of the 2 mil-
lion nosocomial infections in the US annually [2].
Eighty percent of these infections occur in the setting of
an indwelling urethral catheter, and in intensive care
units (ICUs) up to 95% may be due to urinary catheter-
ization [3–5]. Device-related infection rates (number
of catheter-related UTIs per 1,000 catheter days) range
from 9% to 18% in various ICUs worldwide [6–10]. Al-
though the incidence of UTIs in the critically ill has
been shown to vary based on the type of ICU, the im-
pact in every unit is significant [6]. UTIs are the most
common nosocomial infection in American medical
ICUs, where the disease accounts for 31% of hospital
acquired infections [5]. In European ICUs the inci-
dence of nosocomial UTI is second only to respiratory
infections [7]. The importance of urinary tract infec-
tions in the critically ill cannot be overstated. A recent
study found that in 16% of ICU patients in septic
shock, the source could be traced to the urinary tract
[11]. Catheterized ICU patients who develop UTIs have
a threefold increase in mortality [12].

For the purposes of evaluation, treatment and prog-
nosis, urinary tract infections are divided into compli-
cated and uncomplicated categories. Complicated UTIs
are defined as infections that are associated with condi-
tions that elevate the risk of therapeutic failure [3].
They involve patients with anatomical or functional de-
fects of the urinary tract, or patients with altered de-
fense mechanisms [14, 15]. Subjects include the criti-
cally ill or catheterized and as such will be the focus of
this chapter.

53.1
Risk Factors

Several factors may predispose the critically ill patient
to infection of the urinary tract, the most important of
which is catheterization (Table 53.1). Urethral catheter-
ization is the most common identifiable cause of noso-
comial UTI and the incidence of infection is directly
proportional to the duration of catheterization [3, 16].
The risk of infection with a single catheterization is
1–2% [17]. One study has concluded that insertion of
urethral catheters outside of the operating room carries
an increased rate of infection in ICU patients [18].

The incidence of UTI has been shown to increase
with length of ICU stay [2, 16]. Females, obese, diabetic
and elderly patients have higher rates of infection [2,
16]. Patients with serum creatinine greater than 2.0 mg/
dl have been shown to have a greater incidence of cath-
eter-related infections as well [19].

Another significant risk factor for urinary infection
in any patient is urinary stasis [20]. Stagnancy may oc-
cur at any level in the urinary tract from an isolated ca-
lyx to the distal urethra. Frequent causes in the critical-
ly ill include bladder dysfunction from neurologic inju-
ry or from anesthetic. Dysfunctional urethral catheters
may lead to stasis of urine. With obstruction there is an
increase in bacterial binding to urothelium and stretch
injury causes breakdown of the mucosal barrier, allow-
ing invasion [13]. A patient with an infected, obstruct-
ed urinary tract represents a urologic emergency.

Table 53.1. Risk factors for UTI in the critically ill

Urethral catheterization
Prolonged ICU stay
Female sex
Obesity
Diabetes mellitus
Advanced age
Renal failure
Urinary stasis
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53.2
Etiology

While the majority of uncomplicated community ac-
quired UTIs have Escherichia coli as the solitary patho-
gen, complicated urinary infections involve a broader
spectrum of organisms [21, 22]. Patients who are criti-
cally ill and/or have indwelling urethral catheters more
frequently have polymicrobial infections, often involv-
ing atypical species [21, 23]. Although most uropatho-
gens in the critically ill stem from endogenous flora,
the sources of exogenous contamination in ICUs are
vast. Only the largest studies regarding the etiology of
nosocomial UTIs are discussed here, and results are
summarized with comparison to uncomplicated UTI in
Table 53.2.

The SENTRY study, the largest surveillance series to
date, is an ongoing multicenter longitudinal surveil-
lance program encompassing thousands of hospital-
ized patients from a variety of departments [24, 25].
Urinary tract isolates from North American, European,
Latin American and Asian inpatients with nosocomial
UTIs have been recorded and compared in terms of
species prevalence and antibiotic resistance. In western
centers, seven uropathogens accounted for over 90% of
isolates. In order of decreasing prevalence, they were E.
coli (47.3%), Enterococcus spp. (12.6%), Klebsiella spp.
(11.0%), Pseudomonas spp. (7.6%), Proteus spp.
(5.2%), Enterobacter spp. (3.5%), and Citrobacter spp.
(2.8%). The Asia-Western Pacific arm of the study has
reported similar rates; however, Pseudomonas spp.
have been more commonly reported [25]. Of note, En-
terococcus spp. have very rarely been found in Latin
America.

The ESGNI-003 study was a one day prevalence
study of multiple departments in over 220 European
hospitals in 29 countries [26]. Nosocomial uropatho-
gens from non-catheterized patients were similar in
prevalence to the SENTRY study. However, in catheter-
ized patients Candida spp. accounted for over 16% of

Table 53.2. The isolation frequency of major uropathogens in nosocomial UTIs found in the SENTRY study, ESGNI study and by
Wazait et al. compared to data from the ECO-SENS Project (a European international multicenter survey of uncomplicated cysti-
tis) [28]

Pathogen SENTRY [24] SENTRY [25] ESGNI [26] Wazait [27] ECO-SENS
Project [28]North America, European

Union, Latin America,
(nosocomial UTI)

Asia-Pacific region
(nosocomial UTI)

(nosocomial
UTI)

(catheter-associat-
ed nosocomial
UTI)

(uncomplicated
community UTI)

E. coli 47.3% 37.8% 35.3% 30.9% 53.3%
Enterococci 12.6% 10.8% 15.2% 17.2% –
Klebsiella spp. 11.0% 12.3% 9.8% – 2.2%
P. aeruginosa 7.6% 11.1% 5.4% 11.2% 2.7%
P. miribilis 5.2% 4.0% 6.7% 15.6% 4.4%
Enterobacter spp. 3.5% 4.5% 4.5% – –
Citrobacter spp. 2.8% 2.4% 2.7% – –
S. aureus 2.5% 3.7% 3.1% 9.5% –

isolates and Pseudomonas spp. were significantly more
common.

A recent study from the UK focused on catheter-as-
sociated UTIs over a 5-year period from one university
hospital [27]. E. coli and Enterococcus spp. were still the
most frequently isolated pathogens, but Proteus spp.
and Pseudomonas spp. were more commonly identi-
fied. Similar studies, performed in Italian and French
centers, showed Pseudomonas spp. to be second only to
E. coli in causing infection in patients with indwelling
catheters (24% and 22% respectively) [28a, 29]. In-
deed, Pseudomonas spp. have repeatedly been shown to
plague patients with structural abnormalities of the
urinary tract [29]. Atypical infections in patients with
indwelling catheters include a large variety of organ-
isms, including Serratia, Stenotrophomonas and Provi-
dencia spp. [23, 30, 31].

Duration of catheterization is significant when con-
sidering the possible etiology of UTI. In the first 4 days
after catheterization, bacteriuria is usually not yet
polymicrobial. In these first days, E. coli is the most
common pathogen [23]. In the weeks following, the or-
ganism is more difficult to predict. In the intensive care
setting many organisms become more likely to cause
UTI over time, including Enterococcus, Klebsiella and
Candida species [21, 32].

Fungal UTIs are a particular concern with catheter-
ized and critically ill patients. Candida spp. have been
found to be the uropathogen implicated in up to 20% of
the UTIs in Western ICUs and it has been reported that
up to 40% of patients with chronic indwelling catheters
develop fungal UTIs [2, 32]. Candida albicans and Can-
dida glabrata are by far the most common isolates [33].

Because of the vast array of organisms capable of
causing urinary infection in the critically ill, one
should base treatment on specific culture results and
not attempt to predict etiology. Broad spectrum antibi-
otics administered at the outset of infection should be
geared toward the coverage of all likely pathogens.
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53.3
Pathogenesis

The outcome of the host-pathogen interplay depends
on several factors. Uropathogens must first establish an
anatomic pathway of invasion. Once the organism
gains access to the urinary tract, infection may occur if
bacterial virulence outweighs host defenses. In critical-
ly ill patients, immunocompromise may allow multiple
organisms with minimal virulence to flourish. In fact,
patients with diabetes mellitus, renal disease and
chronic indwelling urethral catheters are often infected
with organisms that lack typical virulence factors seen
in community acquired UTIs [34, 35].

53.3.1
Conduits of Infection
53.3.1.1
Ascending Infection

By far, the most common route of urinary infection is
ascent from the perineum to the bladder via the ure-
thra. Bacteria originate from the fecal or vaginal flora
[20]. Risk of infection via this route is increased in pa-
tients with urethral catheters or fecal soiling, both of
which are common in the critically ill [36]. In patients
with cystitis, bacteria may extend to the upper urinary
system in half of the cases; pyelonephritis is most com-
monly established by this mechanism [20]. Although
baseline vesicoureteral reflux may intensify the coloni-
zation of the upper tracts, it is not required. Ureteric
peristalsis has been shown to be hindered by gram neg-
ative endotoxins and anatomic obstruction to urinary
flow, thus propagating ascending infection [37].

As stated, urethral catheterization is a major risk
factor for bacterial ascent and subsequent infection.
Organisms colonizing the urethral meatus or distal
urethra may easily be carried into the bladder by cathe-
terization [3]. Once in place, bacteria may ascend along
the luminal surface of the catheter (intraluminal as-
cent) or along the outside surface (extraluminal ascent)
[38]. Several authors have suggested that in female pa-
tients, the extraluminal route is more common, as bac-
teria of the fecal or vaginal flora climb periurethrally
[36, 39]. These authors state that male patients are more
often infected via intraluminal pathways as a conse-
quence of nonsterile equipment or disruption of drain-
age systems. Other authors have found that extralumi-
nal invasion is more common in both sexes [38]. Gram
positive organisms and yeasts are most likely to ascend
by the extraluminal route [38].

Within the catheterized bladder, there exist two po-
tential sources of infectious organisms. Planktonic or-
ganisms are those that grow in suspension, floating in
urine [40]. Other bacteria may establish and thrive in
organic layers that coat the catheter surface, called bio-

films [41]. These layers, which are similar to those found
on indwelling vascular catheters, are formed by secreted
bacterial polysaccharides with host proteins and salts
from normal urine [42]. Biofilms are thought to provide
a barrier to antibiotics and host defenses and may trau-
matize urothelium with crystal formation [41].

53.3.1.2
Hematogenous Spread

Hematogenous seeding of the urinary tract is a much
less frequent cause of UTI than ascending infection.
However, bacteremia can be an important cause of sup-
purative infections of the kidney including renal and
perinephric abscesses [43]. Hematogenous spread may
also be implicated in infection of the kidneys by Candi-
da spp., which may spread from central venous cathe-
ters [20]. There is evidence that urinary tract obstruc-
tion may increase risk of infection by hematogenous
spread as organisms from the blood stream are pre-
vented from being cleared in the urine [44].

53.3.1.3
Lymphatic Spread

Although rarely seen, renal or peri-renal infection via
lymphatic seeding may occur in the setting of a severe
retroperitoneal infectious process, including bowel
perforation [45].

53.3.2
Host Defenses

Within the urinary tract, there exist multiple impedi-
ments to bacterial colonization and multiplication.
Many of these defense mechanisms are evoked during
acute infection while others are active in the normal
urinary tract. In addition, some of these defenses are
gender-specific.

Arguably the most important host characteristic in
avoidance of bacterial invasion is unimpeded urinary
flow. The normal voiding mechanism serves to rid the
urinary tract of microorganisms that may have gained
access via the urethra or blood stream [44, 46]. Stag-
nancy at any level may allow bacterial multiplication
and urothelial binding. Overdistension from obstruc-
tion also interferes with local mucosal defenses [13].
This circumstance is frequently seen in the outpatient
setting in patients who fail to completely empty their
bladder due to neurologic disease or benign prostatic
hypertrophy. Recurrent UTIs frequently complicate the
urologic care in these groups. In the intensive care set-
ting, urinary impedance may be caused by neurologic
bladder dysfunction, catheter malfunction, or mass ef-
fect on the upper urinary tract from retroperitoneal
processes.
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The composition of urine is a major factor in the
prevention of infection. Dilute urine in the well-hydrat-
ed patient inhibits bacterial growth and may promote
cell lysis via low osmolality [47]. The baseline acidity of
urine has been shown to decrease bacterial multiplica-
tion and when pH drifts upward, bacterial growth is
enhanced [48]. Urea, a main component of urine, has
significant antibacterial action [49].

Several proteins found in normal urine have been
shown to provide a barrier to infection. Tamm-Horsfall
protein (uromodulin), which is secreted by the distal
tubule, is abundant in human urine. It has been shown
to bind fimbriae of multiple uropathogens and facili-
tate removal by polymorphonuclear leukocytes [50,
51]. Lactoferrin, the known iron scavenger, exists in
urine as well. By binding all available iron it exerts a
significant antibacterial effect [52]. Other urinary pro-
teins, such as urokinase-type plasminogen activator,
are suspected to have antibacterial activity but are still
under investigation [53]. The lining of the lower uri-
nary tract plays an important role in maintaining a
sterile environment. In both human and murine mod-
els, growth of normal bladder urothelium is slow, often
taking weeks to months to fully regenerate [54]. How-
ever, when infection occurs, this turnover rate in-
creases sharply causing the urothelium to slough [55].
The shed epithelium is then removed by the urine,
thereby cleansing the bladder of existing bacteria.

If the previously described host defenses should fail
and uropathogens begin to penetrate the urothelium,
an immune response will be elicited. When the integri-
ty of the urothelium is violated, polymorphonuclear
leukocytes are recruited to the sight of injury by several
cytokines, most importantly IL-1, IL-6 and IL-8
[56–58]. This begins an elaborate cascade leading to
bacterial degradation. Within days the humoral im-
mune response is initiated as antibodies are formed to
components of the bacterial cell wall, most notably O
and K lipopolysaccharides [59]. The humoral response
has been shown to be much more profound when the
upper urinary tracts are involved in the infection. Pa-
tients without a fully competent immune system (e.g.,
transplant recipients, poorly controlled diabetics, or
patients with AIDS) have long been known to have in-
creased rates of UTI [60].

Both sexes have developed unique measures to
guard against UTI. As stated, in females, the vaginal
flora is an important source for ascending infection
[20]. A proper estrogen balance helps create a healthier
environment in two ways. First, estrogen stimulates the
regeneration and sloughing of vaginal mucosa which
allows removal of adherent bacteria [61]. It also creates
a more hospitable environment for the proliferation of
lactobacilli. These species create and maintain an acid-
ic vaginal fluid which inhibits the proliferation of gram
negative bacteria [62]. Bacterial adherence to vaginal

mucosa has been found to be reduced in women ex-
pressing a variety of cell surface antigens. The best
studied is the expression of Lewis blood group antigens
A and B, which decrease the likelihood of UTI by mak-
ing bacterial binding sites less available [63].

In males, the most important preventive factor is
urethral length, which is a significant anatomic obsta-
cle to ascending infection [64]. Secondarily, there are
many protective proteins in prostatic secretions includ-
ing prostatic antibacterial factor which likely play a role
in defense once invasion has occurred [65, 66].

53.3.3
Bacterial Virulence Factors

Uropathogens have developed a multitude of mecha-
nisms by which to establish infection and evade host
defenses. Nearly 30 separate virulence factors have
been discovered for E. coli alone [67]. The type and
number of these factors present in a given pathogen of-
ten determine the severity of infection. Many virulence
genes are easily exchanged between organisms by hori-
zontal gene transfer [68].

Once bacteria have ascended into the urinary tract,
the extent to which they adhere to the urothelium is a
critical event in the establishment of infection [69]. The
most important and thoroughly studied virulence fac-
tors in E. coli are adhesins, surface glycoproteins usual-
ly protruding from pilli with the capability to tightly
bind to urothelial cell surfaces [13]. The most abundant
and significant adhesin in uropathogenic E. coli is the
type 1 pillus [70]. Type 1 pilli allow E. coli to attach to
epithelium and avoid being flushed out in the urine.
These attachments are vital in strains causing cystitis
but not pyelonephritis [71]. Recently, studies have
shown that type 1 pilli are important for additional rea-
sons. First, these adhesins promote invasion of individ-
ual urothelial cells. This allows uropathogenic E. coli to
evade extracellular defenses while multiplying within
host cells [55]. Additionally, type 1 pilli have been
shown to promote biofilm formation [72]. Several oth-
er adhesins, e.g., S, P, and Dr pilli, have been shown to
be important in adherence and internalization in vari-
ous areas of the urinary tract [55, 73, 74]. P fimbriae in
particular are associated with acute uncomplicated py-
elonephritis via interaction with renal cell membranes
[75]. Studies have shown that E. coli can exhibit a phe-
nomenon called phase variation, wherein they switch
from a piliated to non-piliated form to avoid neutro-
philic targeting of these structures [76, 77].

Uropathogenic E. coli very frequently secrete toxins
that are thought to aid in tissue invasion. Hemolysin is
produced by the majority of E. coli responsible for acute
urinary infection [78]. This toxin causes urothelial dis-
ruption and allows tissue penetration [79]. Investiga-
tion is underway on several potentially significant E.
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coli toxins including cytotoxic necrotizing factor type
1, which has been shown to promote apoptosis in hu-
man urothelial cells [80].

A large percentage of E. coli strains with the propen-
sity to cause pyelonephritis contain surface polysac-
charides called K antigens [81]. These structures pro-
vide increased pathogenic potential by preventing
complement activation on the bacterial cell wall [79].
Both the presence and number of K antigen structures
on the bacterial surface correlate with virulence [82].

Because other species less commonly cause urinary
infection, their pathogenic mechanisms are less exten-
sively studied than E. coli. However, this is an area of ac-
tive research. Recently a virulence gene was found in S.
aureus that enables the bacteria to resist degradation
within the urinary tract by neutrophils. This may be a
mechanism shared by Enterococcus spp. and Pseudomo-
nas aeruginosa as related genes exist in these species [83].

53.4
Diagnosis

How to define and properly diagnose UTI in the criti-
cally ill is often challenging. The chance of a catheter-
ized patient having bacterial colonization of their uri-
nary tract is 3–10% per day of indwelling catheteriza-
tion [84]. Using modern closed collecting systems, one-
half of patients will exhibit bacteriuria by 2 weeks [3].
Colonization is frequently difficult to differentiate clin-
ically from infection since the majority of catheterized
patients with UTIs are asymptomatic [85]. Bacteriuria
alone requires no treatment [86].

The diagnosis of a UTI in the catheterized ICU pa-
tient generally requires pyuria (the presence of white
blood cells in the urine) and significant bacterial
growth in the urine. The Center for Disease Control’s
recommendations for the diagnosis of UTI with and
without an indwelling catheter are listed in Tables 53.3
and 53.4, respectively [87]. However, there is some de-
bate as to the validity of the recommendations.

Several authors have argued that using a cutoff of 105

microorganisms/ml of urine may lead to underdiagno-

Table 53.3. CDC criteria for the diagnosis of uncomplicated
UTI

At least one of the following signs and symptoms without
any other recognized cause:

Fever>38.4°C
Urgency
Frequency
Dysuria
Suprapubic tenderness

PLUS
A positive urine culture with >105 microorganisms/ml
and/or urinalysis >103 WBC/mm3

Table 53.4. CDC criteria for the diagnosis of catheter-associat-
ed UTI

Presence of Foley catheter

PLUS one of the following signs and symptoms without any
other recognized cause:

Fever>38.4°C
Urgency
Frequency
Dysuria
Suprapubic tenderness

PLUS
A positive urine culture with >105 microorganisms/ml
and/or urinalysis >103 WBC/mm3

sis. Bacterial doubling time in urine is relatively slow
and bladder emptying is immediate in a properly work-
ing catheter. In a non-catheterized patient, UTI leads to
frequent voiding. These facts have led to the idea that
significant infection may not immediately reach 105 or-
ganisms/ml and that, with a symptomatic patient, 102

organisms/ml may be sufficient for the diagnosis [88].
It has been shown that nearly 40% of patients with less
than 105 bacteria/ml will exceed the 105 cutoff within
3 days if untreated [89]. Lowering the criteria for the
density of uropathogen required for the diagnosis of
UTI would increase the number of UTIs diagnosed and
would therefore have significant economic impact.
There is currently not enough information available for
definite recommendations in this regard.

It is vital that when a urine specimen is taken from a
catheterized patient with a suspected UTI, it is done so
in a way that minimizes contamination. In patients
with recently placed catheters, the best way is to draw
urine from a catheter port. If no port is available, cathe-
ter puncture with a sterile needle is acceptable [90]. In
chronically catheterized patients, the best urine speci-
men is one taken immediately after placement of a new
catheter as this will be a true representation of plank-
tonic organisms [91]. Specimens should never be taken
from collection bags, as they are frequently colonized
with organisms not actually present in the urine [86].

53.5
Radiographic Evaluation

In the majority of adults with acute urinary infection,
imaging is unnecessary. However, there exist two sub-
sets of patients in which a radiographic workup is fully
warranted to exclude sources of bacteria that are not
amenable to eradication by antibiotics alone. The goal
of imaging in these patients is to find surgical causes of
infection.

The first group includes patients with febrile UTIs
that remain symptomatic 48–72 h after the initiation of
appropriate antibiotic treatment [92, 93]. In this popu-
lation, it is prudent to rule out perinephric or renal ab-
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scesses which develop as a consequence of acute pyelo-
nephritis and often require formal drainage proce-
dures. Diabetic patients may develop emphysematous
pyelonephritis (see below), which rarely responds to
medical treatment and carries a high mortality rate
[94].

The second group of patients that should undergo
imaging for a febrile UTI are those patients with preexi-
sting risk factors for infection that may require surgical
treatment [95]. This includes patients with:

1. A history of urinary calculi in whom a large infec-
tious stone may contain an overwhelming bacterial
burden or in whom there may exist ureteric
obstruction.

2. Sickle cell disease, who are predisposed to renal
papillary necrosis and subsequent ureteric
obstruction.

3. A history of genitourinary manipulation or surgery
that may predispose to obstruction.

4. Neurologic bladder dysfunction, in whom there is
an increased risk of urinary calculi and renal
scarring.

5. Poorly controlled diabetes mellitus, in whom there
is an increased risk of abscess formation or emphy-
sematous pyelonephritis.

6. End stage renal disease, in whom there is an
increased risk of emphysematous pyelonephritis.

In patients with UTI that warrant imaging, the diag-
nostic test of choice is computed tomography (CT),
which most accurately displays the severity of renal dis-
ease and detects the presence and cause of urinary ob-
struction [95]. If the patient is unable to be transported
to the CT scanner, bedside ultrasound may be used.
This modality can accurately detect pelvicalyceal dila-
tion (indicating possible obstruction), pus in the col-
lecting system (pyonephrosis), and large abscesses [93,
96, 97]. However, it has its limitations, including the in-
ability to differentiate between air and calculi in the
collecting system [93]. Ultrasound is also less sensitive
than CT in detecting focal abscesses [92]. Magnetic res-
onance imaging (MRI) use is generally reserved for he-
modynamically stable patients with compromised re-
nal function, who require contrasted imaging. Al-
though MRI may accurately delineate renal infection
and obstruction, it is inferior to CT in visualizing renal
calculi [98].

The findings of acute pyelonephritis on CT include
focal or generalized renal enlargement with wedge-
shaped areas of focal attenuation after contrast admin-
istration [99]. Usually, there are no abnormal findings
on ultrasound and MRI shows global renal enlarge-
ment with mild perinephric fluid [98, 100, 101]. These
descriptions must be contrasted with those of emphy-
sematous pyelonephritis and perirenal or renal ab-
scesses, all of which are discussed below.

53.6
Treatment

When considering treatment for a urinary infection in
the critically ill patient, several factors must be consid-
ered. The most immediate goals of the physician are to
rapidly and definitively eradicate the specific uropa-
thogen and reduce morbidity and mortality. However,
as in other nosocomial infections, minimizing the
emergence and spread of resistant microorganisms is
critical.

The specific choice of antibiotic for a critically ill pa-
tient with a UTI is made difficult by a dearth of clinical
trials in this area. Therefore, the decision must be based
on the following factors:

) Published data on susceptibility of common
nosocomial uropathogens
) Resistance rates within a given hospital or

intensive care unit
) Patient factors including allergies and renal

function
) Need for intravenous versus oral treatment
) Cost

53.6.1
The Decision to Treat

As stated above, differentiating the truly infected pa-
tient from one with asymptomatic bacteriuria can be
troublesome. However, this distinction is vital to pre-
vent the over-treatment of UTIs and the emergence of
bacterial resistance. There is no clinical benefit in treat-
ing catheterized patients with asymptomatic coloniza-
tion of the urinary tract [102]. In fact, treatment leads
to rapid reinfection by more resistant species, thereby
complicating medical care [103, 104]. Similarly, there is
no benefit to treating asymptomatic funguria in the
catheterized patient, as this does not lessen the risk of
Candida UTI [105]. The only patients who warrant
treatment of asymptomatic bacteriuria are pregnant fe-
males [106].

When a high index of clinical suspicion exists for
UTI, a urine culture should be sent prior to initiating
treatment. Whenever possible, therapy should be de-
layed until culture results are available [107].

53.6.2
Empiric Treatment

A large percentage of critically ill patients require anti-
biotic treatment immediately after cultures are sent.
This includes patients who are moderately to severely
symptomatic and those with impending hemodynamic
instability as a result of infection [86]. Many require IV
treatment to prevent sepsis or because of impaired gas-

572 53 Urinary Tract Infections



trointestinal absorption [106]. Initial therapy should
adequately cover gram negative pathogens and Entero-
coccus spp. [86]. For several years, aminoglycosides
(typically gentamicin) have been widely used as empir-
ic treatment for gram negative uropathogens and are
frequently used in combination with ampicillin for En-
terococcus coverage [21]. These drugs are available by
IV formulation and are cost-effective. However, amino-
glycosides carry significant risk of nephrotoxicity and
ototoxicity and serum levels must be closely monitored
[21]. Other initial parenteral options are the fluoroqui-
nolones, second or third generation cephalosporins, or
carbapenems [108]. Many authors have advocated the
use of antipseudomonal treatment as the initial empiric
therapy for any patient in the intensive care setting or
who exhibits signs of hemodynamic instability [21,
107, 108]. Pseudomonas spp. are known to be highly re-
sistant in the hospital setting and any patient who fails
to respond to several days of treatment with one of the
aforementioned antibiotic classes should certainly be
placed on antipseudomonal therapy because of sepsis
risk [108]. Recommended therapy for empiric coverage
of Pseudomonas spp. includes an acylaminopenicillin
with beta-lactamase inhibitor (piperacillin/tazobac-
tam), a third generation cephalosporin such as ceftazi-
dime or a carbapenem such as imipenem [108]. The
fluoroquinolones are an appropriate choice for pseudo-
monal coverage, but reports suggest that resistance is
on the rise and this class must be used with caution
[109].

Once culture results are available, patients should be
immediately switched from empiric to specific antibio-
sis. Maintaining broad-spectrum antibiotics in this set-
ting risks the development of resistance to a relatively
limited armament of effective therapy.

Whenever the diagnosis of UTI is suspected in a
catheterized patient, the catheter should be replaced
prior to beginning antibiotic treatment. This removes
the existing biofilm and decreases rate of relapse [86].
Replacement of the catheter prior to treatment has
been shown to improve clinical outcomes [110]. Urine
cultures should be sent from the new catheter to be cer-
tain that growth reflects planktonic organisms and not
those from the biofilm.

53.6.3
Duration of Treatment

The duration of antimicrobial treatment for UTI in the
critically ill patient is not well established. Most au-
thors recommend 7–14 days of treatment if there is an
appropriate clinical response (resolution of fever by
48 h) [21, 86]. Once defervescence has occurred, pa-
tients may be switched to oral antibiotics if they have a
functional gastrointestinal tract.

53.7
Antibiotic Resistance

Critically ill and hospitalized patients are highly prone
to infection by multi-drug resistant uropathogens due
to selection pressures from widespread antibiotic usage
[21]. While resistance varies widely by time and loca-
tion, it is helpful to recognize broad patterns that may
direct empiric therapy. Susceptibility of the most com-
mon uropathogens is reviewed here and their suscepti-
bilities, as listed in the SENTRY study, are summarized
in Table 53.5 [24, 25].

53.7.1
Escherichia coli

Escherichia coli resistance patterns in nosocomial UTIs
have been thoroughly investigated by the SENTRY
study [24, 25]. In western centers, E. coli susceptibility
to amoxicillin/clavulanate and cefuroxime is very high
(>95%). Resistance to trimethoprim/sulfamethoxazo-
le is over 30% in Western centers, with the highest re-
sistance rates found in Latin America. E. coli resistance
to trimethoprim/sulfamethoxazole has doubled since
1990 in the US [111]. Uropathogenic E. coli remains
sensitive to fluoroquinolones worldwide, but in Latin
America and Asia Pacific regions resistance rates are up
to 18%. E. coli is predictably very sensitive to broad
spectrum antibiotics such as piperacillin/tazobactam,
imipenem and amikacin.

53.7.2
Pseudomonas aeruginosa

Pseudomonas spp. have high resistance rates worldwide
to a multitude of antibiotics. In Western centers, fluoro-
quinolone resistance exceeds 37% and in Latin Ameri-
ca over half of isolates exhibit resistance. The ESGNI
study found that less than 50% of species were sensitive
to fluoroquinolones and non-amikacin aminoglyco-
sides [26]. Karlowski et al. recently published Pseudo-

Table 53.5. SENTRY study all-region resistance rates (percent-
ages) for the most common urinary tract isolates [24]

Antimicrobial E. coli Klebsiella
spp.

P. aeru-
ginosa

Entero-
cocci

Ampicillin 45 76 100 12
Amoxicillin/

clavulanate
5 10 99 12

Cefuroxime 4 17 100 –
Ciprofloxacin 11 10 37 47
Garenoxacin 11 8 44 –
Nitrofurantoin 3 16 100 1
Trimethoprim/sul-

famethoxazole
31 23 99 35

Vancomycin – – – 5
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monas resistance rates from American ICUs. In this
study, isolates displayed over 20% resistance to both ci-
profloxacin and levafloxacin and resistance rates were
found to increase over the 5-year study [112]. These re-
ported sensitivity rates were lower than similar studies
performed only 2 years prior [113]. In American ICUs,
Pseudomonas spp. remain highly sensitive to amikacin
(>93%) and piperacillin/tazobactam (>91%), which is
similar to rates reported in Asian centers [24, 112]. Iso-
lates from Western centers show virtually no sensitivity
to ampicillin, amoxicillin/clavulanate, cefuroxime and
trimethoprim/sulfamethoxazole [24].

53.7.3
Enterococcus spp.

The prevalence and resistance patterns of Enterococcus
show a large amount of variation by region. In Western
centers, susceptibility to ampicillin remains high
(>88%), and no resistance is found in Latin America,
where Enterococcus infection of the urinary tract is less
common. Asian centers have slightly higher rates of re-
sistance to ampicillin at 18%. Sensitivity of Enterococ-
cus spp. to fluoroquinolones varies widely by formula-
tion: in Western centers, sensitivity to garenfloxacin is
over 85% while that of ciprofloxacin is only 44%. En-
terococcus has been shown to have high resistance to ci-
profloxacin in other recent studies [114]. Vancomycin-
resistant Enterococcus spp. have only been detected in
significant quantities in North America, where resis-
tance is approximately 7%.

53.7.4
Klebsiella spp.

Considerable regional variation in susceptibility pat-
terns has been reported for Klebsiella spp., but in West-
ern centers, fluoroquinolone sensitivity remains very
high. Cefuroxime is the least active antibiotic in these
locations. Asian centers report over 94% sensitivity to
both cefepime and imipenem. Worldwide, resistance of
Klebsiella spp. to amoxicillin/clavulanate remains low.

53.8
Prevention

For decades, investigators have evaluated a variety of
modalities to prevent the establishment of UTI in hos-
pitalized patients with indwelling catheters. The most
significant development to date has been the wide-
spread use of closed sterile urinary catheter drainage
systems, which have dramatically decreased the rate of
UTI [115]. Several trials have involved the use of silver-
coated catheters and results have been variable
[116–119]. A meta-analysis of these studies showed

that the use of silver alloy, but not silver oxide-coated,
catheters reduced UTI [120]. However, there is current-
ly not enough information in terms of efficacy and cost
for recommendations to be made in this regard. A few
studies have investigated regular meatal cleansing in
preventing catheter associated UTI, but no benefit has
been observed [115, 121]. Attempts have been made to
reduce UTIs by periodically irrigating the bladder with
antibiotic solutions. However, no benefit has been
found and investigators noted that bacterial resistance
expanded during the study [122].

To date, there have been very few studies on the pre-
vention of UTI specifically in the critically ill, and
therefore concrete guidelines do not exist. However, the
following recommendations can be made:

1. Only personnel who have been properly educated
in aseptic technique should insert urethral cathe-
ters.

2. Unobstructed urinary flow should be maintained
at all times: kinking of the catheter should be
avoided and the drainage system should always be
below the level of the bladder.

3. Manipulation of catheters should be minimized
and only performed after thorough hand washing.

4. Catheterization should be avoided whenever possi-
ble and indwelling catheters should be removed as
soon as possible [115, 123].

53.9
Complications

After infection of the urinary tract is established, the
disease may follow one of three clinical courses:

1. Infection may resolve as a consequence of appro-
priate use of antimicrobial therapy

2. Infection may become more widespread and gener-
alized (diffuse pyelonephritis)

3. The infection may coalesce and become isolated in
one portion of the kidney (abscess formation)

Serious infections of the urinary tract in the critically
ill may have significant acute and chronic conse-
quences. Acute complications, including renal or peri-
nephric abscesses and emphysematous pyelonephritis,
are important causes of morbidity and mortality from
UTI, and often require immediate surgical intervention
to prevent sepsis.

53.9.1
Renal Abscess

Renal abscesses, by definition, are isolated to the renal
parenchyma. They are often diagnosed in otherwise
healthy individuals; however, several factors increase
the risk. These include urinary tract obstruction or ma-
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Fig. 53.1. Contrasted CT scan showing a right-sided renal ab-
scess within the renal capsule compressing the adjacent paren-
chyma

nipulation, polycystic kidney disease, primary infec-
tion elsewhere in the body (e.g., intravascular cathe-
ters), immune compromise and diabetes mellitus
[124–126]. Over half of the renal abscesses in adults are
associated with renal calculi or previously damaged
kidneys [127]. The majority of renal abscesses are es-
tablished by ascending infection, and causative uropa-
thogens may include any of those previously discussed.
A significant percentage are caused by S. aureus hema-
togenous spread from cutaneous sites. Because the in-
fection is walled off from the collecting system, blood
cultures are usually positive with negative urine cul-
tures and pyuria may be absent [128, 129].

The imaging modality of choice for renal abscesses is
the contrasted CT scan. Findings include a marginated
area of decreased attenuation within the parenchyma
without enhancement after the administration of con-
trast [101] (Fig. 53.1). Up to half will show a peripheral
rim of enhancement [92]. If the patient is unsuitable for
CT, bedside ultrasound may be performed. Findings on
ultrasound may include an intrarenal fluid collection
with a thickened wall and contained echoes [130].

Treatment for renal abscesses depends on the size of
the abscess as well as the patient’s hemodynamic stabil-
ity and immune function. In a stable immunocompe-
tent patient, abscesses under 3 cm in size may be treat-
ed with empiric parenteral antibiotics and closely fol-
lowed. In a host with evidence of impending hemody-
namic compromise or with an impaired immune sys-
tem, this same abscess should be surgically drained
(ideally percutaneously by CT guidance). Renal ab-
scesses over 3 cm in any patient are unlikely to respond
to medical therapy alone and require drainage. Again,
percutaneous drainage under radiographic guidance is
preferred. If this fails or is contraindicated, open surgi-
cal drainage may be necessary [131].

53.9.2
Perinephric Abscess

The perinephric abscess is a focal infection between the
renal capsule and Gerota’s fascia. The majority of peri-
nephric abscesses result from the rupture of a renal ab-
scess into the perinephric space [129]. However, several
other mechanisms exist, including hematogenous
spread from cutaneous sites and direct extension from
other sites of intra-abdominal injury including colon
[132]. Risk factors are the same as for renal abscesses,
and 25% of patients are diabetic [133]. As in renal ab-
scesses, urine culture usually fails to isolate the respon-
sible uropathogen. Unlike renal abscesses, however,
blood cultures also fail to isolate the responsible bacte-
ria more than half the time [134]. Therefore, specific
antibiosis should be based only on abscess fluid cul-
tures. Empiric treatment should be similar to that for
renal abscesses and serious UTI, as the same uropatho-
gens are involved. Perinephric abscesses are polymi-
crobial over 25% of the time [127, 134]. Again, CT is the
imaging modality of choice due to high sensitivity and
anatomic detail [135]. CT can also define extension be-
yond Gerota’s fascia, which may occur with treatment
delay.

Unlike renal abscesses, antibiotic treatment alone
for perinephric abscesses is rarely curative and prima-
ry treatment involves drainage; this is most commonly
performed by a radiographically guided percutaneous
approach. Open surgical intervention is warranted if
percutaneous drainage fails or is contraindicated. With
delay in diagnosis or treatment, mortality from peri-
nephric abscesses may approach 50% [129].

53.9.3
Emphysematous Pyelonephritis

Emphysematous pyelonephritis (EPN) is an acute nec-
rotizing parenchymal infection caused by gas-forming
uropathogens [136, 137]. The disease process is poorly
understood, relatively rare and carries a high mortality
rate of 43% [136]. Certain factors have repeatedly been
found in association with EPN and are assumed to be
essential to pathogenesis. These include high tissue
glucose, impaired tissue perfusion, and defective im-
mune response [138]. Up to 90% of patients with EPN
are poorly controlled diabetics [139]. The most com-
mon causative agents are E. coli, Klebsiella, and Proteus;
urine cultures are almost always positive [140]. Pa-
tients usually present with acute pyelonephritis with
fever nonresponsive to several days of antibiotics. Al-
most all patients display fever, vomiting and flank pain
[136]. The diagnostic modality of choice is CT because
of the ability to differentiate intraparenchymal gas
(the hallmark of EPN) from gas within the collecting
system (which may only signify an upper UTI) [141]
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Fig. 53.2. CT performed without intravenous contrast showing
left-sided emphysematous pyelonephritis, with two discrete
areas of gas within the renal parenchyma

(Fig. 53.2). Ultrasound often fails to make this separa-
tion.

Patients with EPN treated with medical therapy
alone have much higher mortality rates than those
treated surgically [139, 141]. Therefore, the standard of
care has classically been open extirpation. However, in
many cases patients with EPN are unfit to undergo
open surgical drainage or nephrectomy. In some cases,
nephrectomy for EPN may make a patient dialysis-de-
pendent. In these instances, percutaneous drainage
with empiric broad-spectrum antibiotics may be ap-
propriate [142].

53.10
Conclusions

Urinary infection in critically ill patients is a very com-
mon cause of morbidity and mortality. The disease in-
volves a wide spectrum of uropathogens with diverse
mechanisms of establishing infection. These microor-
ganisms often cause life-threatening illness which re-
quires immediate medical and often surgical interven-
tion. Urinary catheterization is the most important fac-
tor in the development of this infection and should
therefore be minimized. It is important for physicians
to accurately diagnose and properly treat urinary infec-
tion in the ICU setting with the goals of reducing infec-
tious complications and slowing the development of
antibiotic resistance.
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54Neurosurgical Infections in Intensive Care
Unit Patients
E.M. Brown

54.1
Introduction

At any point in time a high proportion of the beds on
the general intensive care units (ICUs) of hospitals with
neurosurgical services will be occupied by neurosurgi-
cal patients; indeed, on occasions, most of the beds may
be occupied by such patients. The majority of neuro-
surgical patients requiring ICU admission will com-
prise those who have sustained head injuries, sub-
arachnoid haemorrhages or complications of neuro-
surgical procedures. Only a minority will be admitted
with serious intracranial or spinal infections, while
others will develop neurosurgical infections while they
are on the ICU. This chapter is devoted to common pri-
mary and secondary neurosurgical infections in the
ICU population. Although all such infections are en-
countered relatively infrequently they are nonetheless
important causes of morbidity and mortality. They may
also delay a patient’s discharge from hospital, necessi-
tate further surgery and increase the overall cost of
hospital care. Prompt diagnosis and combined medical
and surgical interventions, therefore, remain the cor-
nerstone of efforts to minimize the incidences of ad-
verse outcomes. The reader should be aware however
that current practice in, and recommendations for, the
treatment of infections in neurosurgical patients owe
little to evidence-based medicine. This situation exists
not because there have been too few clinical trials that
have been undertaken in an attempt to address these is-
sues, but, rather, because the published literature is
dominated by studies that suffer from flaws in their de-
sign and/or execution. The recommendations con-
tained herein are therefore based on a less than robust
published literature, working party reports, which are
predominantly consensus statements, and personal ex-
perience.

54.2
Primary Infections
54.2.1
Brain Abscess
54.2.1.1
Epidemiology

Brain abscess is a focal (or, less frequently, multifocal)
process that develops within the brain parenchyma. It is
the second most common infection of the central ner-
vous system (CNS) after bacterial meningitis and is the
most common space-occupying infection of the CNS.
Nonetheless, it is a relatively rare disease, with a re-
ported incidence that varies from 0.32 to 1.1 hospital ad-
missions per 100,000; therefore, between four and ten
cases will present annually to a neurosurgical depart-
ment. The incidence of brain abscess is higher in immu-
nocompromised patients, and those hospitals to which
large numbers of patients with the acquired immunode-
ficiency syndrome (AIDS) are admitted can expect high-
er incidences. The mean age of patients is 35–40 years,
with a peak incidence in the second and third decades;
approximately 25% of all brain abscesses occur in chil-
dren (peak incidence 4–7 years of age). There is a male
preponderance, with a male:female ratio of 2–3:1.

54.2.1.2
Pathogenesis

Brain abscesses develop as consequences of implanta-
tion in the brain substance of bacteria or bacterial em-
boli from either local or distant septic foci. While cer-
tain pre-existing brain diseases, such as intracerebral
haematoma, neoplasms and strokes, may serve as foci
for abscess formation, predisposing lesions are rarely
identified. In the majority of cases, organisms gain ac-
cess by direct spread from contiguous infected foci,
e.g., acute or chronic otitis media (with or without mas-
toiditis), sinusitis, dental infections and meningitis (al-
beit rarely). Middle ear and sinugenic infections to-
gether account for 40–70% of brain abscesses, al-
though the widespread administration of antibiotic
therapy to patients with otitis media has led to a de-
crease in the incidence attributable to the former in
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most developed countries. The incidence of odontoge-
nic abscess is approximately 10%. Metastatic or haema-
togenous spread from a distant focus accounts for
20–25% of brain abscesses. The most common sources
are chronic pyogenic lung diseases, such as empyema,
bronchiectasis and lung abscesses, which are now un-
common in developed countries. Others include osteo-
myelitis, intra-abdominal infections, pelvic infections,
skin and soft tissue infections, septicaemias and infec-
tive endocarditis. Cyanotic congenital cardiac disease
in patients with right-to-left shunts, particularly Fal-
lot’s tetralogy, is associated with 5–10% of cases over-
all, but up to 25% of all brain abscesses in children.
Brain abscesses complicate cavernous sinus thrombo-
sis secondary to septic thrombophlebitis of the anterior
facial vein or malignant tumours involving the cranial
bones. Organisms may also gain access to the brain fol-
lowing implantation through a penetrating wound of
the head which may be traumatic or iatrogenic, i.e., fol-
lowing neurosurgery or in association with an intracra-
nial pressure monitor; this route accounts for 5–10%
of brain abscesses. In infants and children, congenital
malformations, especially meningomyelocele, ence-
phalocele and sinuses connecting the exterior to the
spinal or cerebral meninges, represent frequent path-
ways for infection. Finally, 10–30% of cases are crypto-
genic.

Most abscesses (75–90%) are solitary, occurring, in
descending order of frequency, in the frontal, temporal,
frontoparietal, parietal, cerebellar and occipital lobes;
the locations in the brain reflect the site of predispo-
sing, and usually adjacent, foci of infection. For exam-
ple, frontal lobe abscesses are characteristically sec-
ondary to frontal or ethmoidal sinusitis or dental sep-
sis, while temporal lobe abscesses and cerebellar ab-
scesses are secondary to infections in the middle ear/
mastoid cavity or sphenoidal sinuses. Brainstem and
thalamic abscesses are characteristically the result of
haematogenous spread from a distant focus. Multiple
lesions, on the other hand, account for 5–25% of ab-
scesses. They are almost always metastatic, spreading
via the bloodstream from distant foci of infection, and
are most frequently located in the area of the brain sup-
plied by the middle cerebral artery (parietal, anterior
temporal and posterior frontal lobes).

54.2.1.3
Pathology

Irrespective of the origin of the infection, brain ab-
scesses are thought to develop in areas of pre-existing
necrosis, this being a principal requirement for their
initiation. The first stage in the development of an ab-
scess is an acute cerebritis which normally lasts about
3 days. This is followed by a late cerebritis of 4–9 days’
duration, culminating in a necrotic central focus. The

formation of a collagen capsule around the developing
abscess starts after 10 days and is usually complete by
14 days. The capsule, which limits the spread of infec-
tion within the brain, tends to be thinner on the medial
aspect, thereby accounting for the tendency of abscess-
es, on rare occasions, to rupture into the ventricles.
Metastatic abscesses are characteristically less well en-
capsulated and this may account for their tendency to
spread. The oedema surrounding an abscess often oc-
cupies a greater volume than the abscess itself and
therefore makes an important contribution to raised
intracranial pressure.

54.2.1.4
Aetiology

As many as 50% of brain abscesses are monomicrobial
and a similar percentage are polymicrobial. Between
20% and 25% are culture-negative, either because the
patient has already received antibiotic treatment or be-
cause laboratory diagnostic techniques have been less
than optimal. The range of pathogens reflects the broad
spectrum of primary sources of infection. Aerobic bac-
teria have been isolated from between 50% and 75% of
lesions and anaerobes from 25–50%. Streptococci,
predominantly microaerophilic and anaerobic species,
are the most commonly recovered organisms (40–
70%), regardless of the source. Abscesses that are sec-
ondary to penetrating trauma have, in the past, been
caused by Staphylococcus aureus, but Enterobacteriace-
ae and Pseudomonas aeruginosa are increasing in fre-
quency. Aerobic Gram-negative bacilli (AGNB), partic-
ularly Proteus spp. and P. aeruginosa, are also common
pathogens in patients with otogenic brain abscesses. A
very broad range of other bacterial species are occa-
sionally isolated. Finally, in immunocompromised pa-
tients, a wide variety of uncommon bacteria are being
identified with increasing frequency; these include my-
cobacteria, Listeria monocytogenes, Actinomyces spp.
and Nocardia spp.

54.2.1.5
Clinical Manifestations

The clinical spectrum of patients with brain abscesses
ranges from fulminating to indolent and can vary in
duration from hours to weeks. Other contributing fac-
tors include the size and location of the abscess, the vir-
ulence of the pathogen(s) and the presence of co-mor-
bidities. Headache is the most common symptom (oc-
curring in & 75% of patients). If it is the only complaint
there is a high likelihood of misdiagnosis and if accom-
panied by a discharging ear there is a risk that it will be
attributed to otitis media. Nausea and vomiting, pre-
sumably secondary to raised intracranial pressure, are
common, affecting approximately 50% of patients.

582 54 Neurosurgical Infections in Intensive Care Unit Patients



Other prominent features are fever (40–60%), dizzi-
ness, impaired consciousness and papilloedema
(40–60%). Focal neurological signs (in 50% of pa-
tients) vary according to the location of the abscess, but
may include hemiparesis, focal seizures and visual and
speech disturbances. Diffuse neurological dysfunction
is usually associated with abscesses in the occipital or
temporal lobe and is characterized by coma, general-
ized seizures, behavioural disturbances and confusion.
Meningism, which is a feature in approximately 25% of
cases, is also characteristic of abscesses in the occipital
or temporal lobe and may be secondary to concomitant
meningitis or rupture of the abscess into a ventricle or
the subarachnoid space. Other clinical features may re-
flect the extracranial underlying disease, e.g., ear or na-
sal discharge. Multiple microabscesses usually present
as a diffuse encephalopathy.

The differential diagnosis in patients with brain ab-
scesses includes a myriad of other diseases, the most
common being herpes simplex encephalitis, subdural
empyema, cerebral metastasis, bacterial meningitis,
primary brain tumour, vascular lesions, tuberculosis
and toxoplasmosis.

54.2.1.6
Diagnosis

The principal diagnostic procedures are radiological. A
plain skull X-ray is often normal in patients with brain
abscesses, but may show a mid-line shift (in >50% of
patients), gas in the abscess cavity (rare) or evidence of
sinusitis or mastoiditis. A contrast-enhanced comput-
ed tomography (CT) scan is the single most useful in-
vestigation and is more sensitive than radionuclide
brain scans once the abscess has progressed beyond the
cerebritis stage. It usually shows a ring-enhancing le-
sion surrounded by oedema or, less commonly, either
nodular enhancement or areas of low attenuation with-
out enhancement. Displacement of the ventricles by the
adjacent abscess is often evident and signs of sinusitis
or middle ear disease/mastoiditis should also be
sought. The CT scan lacks specificity, however, and it
may be difficult to distinguish brain abscesses from
other mass lesions, especially neoplasms. Magnetic res-
onance imaging (MRI) is at least as specific and sensi-
tive as CT and may be superior, especially in the early
(cerebritis) stage of the disease and in terms of detect-
ing multiple small abscesses. However, in common
with the CT scan, it suffers from not being able to reli-
ably differentiate between an abscess and a neoplasm.
Demonstration of a hypo-intense rim on T2-weighted
MRI images, which is unusual in this lesion, but occa-
sionally seen, can be very helpful in facilitating the di-
agnosis. Radionuclide scanning is sometimes helpful,
particularly when used in conjunction with 99mTc-
HMPAO. It is very rarely needed when MRI is available

and is most likely to be of value following surgery. Fi-
nally, a white cell scan, a 99mTc-HMPAO scan, magnetic
resonance spectroscopy and positron emission tomog-
raphy (PET) have been shown to be effective diagnostic
tools, particularly in terms of differentiating brain ab-
scesses from neoplasms.

Lumbar puncture is generally unhelpful, the find-
ings on microscopy tending to be highly variable and
non-specific; organisms are isolated from <10% of CSF
samples, principally in patients with concurrent men-
ingitis or ventriculitis. It may also be a dangerous pro-
cedure, leading to brainstem herniation in up to one-
third of patients. It should be performed, therefore, on-
ly if meningitis is suspected, when the benefits out-
weigh the risks and when a CT scan confirms that it is
safe to do so. Electroencephalography (EEG) is usually
abnormal in patients with brain abscesses, but the find-
ings are non-specific. For this reason, it is considered a
non-essential investigation. The peripheral white
blood cell (WBC) count is raised in 30–60% of patients
and the serum CRP concentration will be markedly ele-
vated in many cases; however, normal values of these
parameters should not rule out the diagnosis. Blood
cultures are positive in 10–20% of patients and are es-
sential investigations if a systemic focus is suspected.
They may be particularly helpful in patients who are
not managed surgically. When present, samples of spu-
tum or nasal or ear discharge should also be cultured.

54.2.1.7
Surgical Management

Most patients with brain abscesses undergo surgery as
part of their management. Surgery is associated with a
number of advantages, including confirmation of the
diagnosis, removal of infected and necrotic material,
relief of raised intracranial pressure, accurate identifi-
cation of the aetiological agent(s) (thereby facilitating
optimal antimicrobial therapy) and enhancement of
the activities of antibiotics.

Removal of pus is achieved by craniotomy and
drainage or excision of the abscess or by aspiration
through a burr hole, preferably with CT- or MRI-guid-
ed stereotaxy. The type of procedure is dictated by the
depth, size and location of the abscess, the number of
abscesses, the stage of development, the clinical status
of the patient and the risk of post-operative complica-
tions. The superiority of one or the other of these tech-
niques remains controversial. Some neurosurgeons
claim that there are more frequent sequelae (mainly ep-
ilepsy), greater morbidity from trauma and a higher in-
cidence of mortality with excision. Others have sug-
gested that excision is associated with a lower incidence
of mortality and offers immediate decompression, a
lower recurrence rate, a shorter period of hospitaliza-
tion and a shorter course of antibiotics. The overall
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consensus is that there is probably no difference be-
tween the two options, but that aspiration is appropri-
ate for patients who are too ill to undergo a more exten-
sive surgical procedure, who have multiple abscesses or
whose abscesses are poorly encapsulated or in deep,
critical or less accessible areas of the brain, while exci-
sion should be undertaken in the presence of foreign
material, in patients with superficial, solitary or multi-
loculated abscesses and for abscesses that fail to resolve
following aspiration. If patients have shown favourable
clinical responses to antibiotic treatment, further aspi-
rations of the abscess cavity are unnecessary.

Conservative (non-surgical) management should be
restricted to highly selected groups of patients who are
neurologically intact and who fulfil the following crite-
ria: small abscesses (<3 cm in diameter); poor medical
condition which precludes surgery; high density lesion
(cerebritis); no predisposing factors; multiple abscess-
es; and inaccessible abscesses or those in deep or elo-
quent brain locations. The best results are obtained
when bacteria are identified in blood cultures. A num-
ber of reports have confirmed that patients can be
managed successfully without surgery, but the strategy
relies on CT monitoring in order to detect exacerba-
tions as early as possible.

54.2.1.8
Antimicrobial Chemotherapy

Several antibiotics, including benzylpenicillin, ampicil-
lin, cefuroxime, chloramphenicol, co-trimoxazole, cef-
tazidime and metronidazole, have been detected in

Table 54.1. Sites, predominant pathogens and initial empirical antibiotic therapy of patients with brain abscesses

Source Site Predominant pathogens Antimicrobial regimensa

Paranasal sinuses Frontal lobe Streptococci (particularly
those belonging to the milleri
group), anaerobes, Haemo-
philus spp.

Cefuroxime 1.5 g tds, cefotaxime 2 g qds or ceftri-
axone 3–4 g od and metronidazole 500 mg tds

Teeth Frontal lobe Streptococci, anaerobes,
Haemophilus spp.

Cefuroxime 1.5 g tds and metronidazole 500 mg
tds

Middle ear (less often,
sphenoidal sinuses)

Temporal lobe Enterobacteriaceae, P. aerugi-
nosa, anaerobes, streptococci

Flucloxacillin 3–4 g qds and metronidazole
500 mg tds plus either ceftazidime 2 g tds or gen-
tamicin 5 mg/kg odb

Middle ear (less often,
sphenoidal sinuses)

Cerebellum Enterobacteriaceae, P. aerugi-
nosa, anaerobes, streptococci

Flucloxacillin 3–4 g qds and metronidazole
500 mg tds plus either ceftazidime 2 g tds or gen-
tamicin 5 mg/kg odb

Penetrating trauma/
post-operative

According to site
of wound

S. aureus, Enterobacteriaceae Flucloxacillin 2–3 g qds or cefuroxime 1.5 g tds,
cefotaxime 2 g qds or ceftriaxone 3–4 g od

Metastatic and
cryptogenic

Multiple lesions
(usually in area
supplied by
middle cerebral
artery)

Streptococci, S. aureus, anaer-
obes, Enterobacteriaceae,
P. aeruginosa

Depends on source: benzylpenicillin 1.8–2.4 g
6-hourly if infective endocarditis or cyanotic con-
genital heart disease; alternatively, cefuroxime 1.5 g
tds or cefotaxime 2 g qds or ceftriaxone 3–4 g od
with or without metronidazole 500 mg tds

a Adult dosages, b Serum concentrations must be monitored

brain abscess pus in therapeutic concentrations, but
this is not necessarily predictive of therapeutic efficacy;
there is little information currently available regarding
the penetration of newer agents.

The complexity of the physiological, surgical, phar-
macological and bacteriological parameters that influ-
ence the outcome of treatment of patients with brain
abscesses, together with a lack of data from prospec-
tive, randomized clinical trials, have undermined ef-
forts to make recommendations for optimal empirical
therapy. For many years, a combination of penicillin
and chloramphenicol was the most widely used regi-
men and, indeed, most patients responded favourably
to it. More recently, however, extended-spectrum q -lac-
tams, particularly third-generation cephalosporins, in
combination with metronidazole, have become in-
creasingly popular.

The initial choice of empirical antibiotic therapy can
be facilitated by a number of considerations, including
the location of the abscess, the precipitating source of
infection (e.g., middle ear infection, a history of sinusi-
tis or trauma, etc.), the odour of the pus (which sug-
gests the presence of anaerobes) and a Gram’s stain of
the pus. Treatment should be initiated as soon as the di-
agnosis is confirmed. The recommendations summa-
rized in Table 54.1 constitute appropriate first-line em-
pirical therapy. Treatment should be modified, if neces-
sary, in the light of the results obtained from culturing
aspirated pus. Initially, all antibiotics should be admin-
istered by the intravenous route. The efficacy of instill-
ing antibiotics directly into the abscess cavity is uncon-
firmed. Moreover, antibiotics administered by this
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route may diffuse rapidly into the surrounding tissues
and precipitate seizures. Current evidence does not
support the routine instillation of antimicrobial agents
into brain abscess cavities.

The optimal duration of treatment of patients with
brain abscesses remains a controversial issue, current
practice owing more to tradition than to scientific evi-
dence. Recommendations have ranged from 4–8 weeks
of parenteral therapy, followed by prolonged courses of
oral therapy (assuming suitable agents are available), if
the abscess has been excised or aspirated, and even lon-
ger (up to 12 weeks of parenteral therapy) when man-
agement has been conservative. The lack of uniformity
of opinion regarding an optimal duration is due both to
a failure to attempt to resolve this question by prospec-
tive clinical trials and to the absence of reliable criteria
for monitoring patients’ responses to therapy. Serial CT
and MRI scans cannot be used to provide an objective
endpoint for discontinuing antibiotics because scan ap-
pearances may suggest ongoing infection for up to
10 weeks after the successful completion of therapy.
The antibiotics can be discontinued once the serum
CRP concentration falls to within the normal range,
provided that patients have undergone either drainage
or excision of their abscesses, that the abscesses are sol-
itary, that there is improvement in the clinical condi-
tion and that the fever has resolved. In most cases this
will be within 2 weeks of starting appropriate therapy.
In a minority of patients the CRP concentrations will be
within the normal range, or only slightly elevated, at
the time of presentation. The most likely explanation
for this observation is that the abscess has been
completely walled off and the infection no longer ex-
posed to the physiological processes that drive the in-
flammatory response – analogous to sequestra in pa-
tients with chronic osteomyelitis. Although, in these
patients, the CRP cannot be used to monitor response
to therapy, it may still not be necessary to administer
antibiotics for more than 2 weeks, so long as the abscess
has been excised or drained. A further complication is
that, while the CRP is a very sensitive criterion for
monitoring response to therapy, it is not specific.
Therefore, if there is an intercurrent infection or other
inflammatory process, such as a deep vein thrombosis
or pulmonary embolism, the CRP concentration may
remain elevated. Finally, if there is an absence of sys-
temic signs of infection, at least 1 week of oral therapy
has been completed, the serum CRP concentration has
fallen markedly below 100 mg/l, the patient is able to
tolerate antibiotics by mouth and appropriate agents
are available, treatment can be switched from the par-
enteral route to the oral route.

54.2.1.9
Adjunctive Therapy

Steroids are commonly used to reduce oedema, but are
of no proven benefit in terms of reducing the inci-
dences of morbidity or neurological sequelae or the du-
ration of hospital stay. The consensus is that they
should be avoided unless there is marked oedema with
raised intracranial pressure and rapid neurological de-
terioration; even then, they should be used for short pe-
riods only. Anticonvulsants may be appropriate in pa-
tients with seizures and are often started empirically as
prophylaxis.

54.2.1.10
Prognosis and Complications

In the past, the incidence of mortality has ranged from
20–50%. More recently, however, incidences of 5–20%
have been reported. This improved outcome has been
attributed to more sensitive and specific radiological
techniques (which allow earlier diagnosis and better lo-
calization), superior surgical techniques (in particular,
the introduction of stereotactic brain biopsy and aspi-
ration), more reliable microbiological methods and
more effective antibiotic therapy. Outcome does not
appear to be influenced by the location of the abscess,
the number of abscesses, predisposing factors, the na-
ture of the pathogen(s) or the type of surgery. A poor
prognosis is, however, related to the initial clinical sta-
tus of the patient, particularly the level of conscious-
ness (which is indirectly related to a delay in diagnosis),
and is associated with rapidly progressing neurological
impairment, multiple, deep or multiloculated abscesses
and rupture of the abscess into a ventricle.

Complications include cortical thrombophlebitis
(leading to focal epilepsy or hemiparesis), rupture into
a ventricle or subarachnoid space (leading to meningi-
tis and/or ventriculitis, coma and death), tension pneu-
mocephalus and non-communicating hydrocephalus.
Neurological sequelae (25–50%) include hemiparesis,
cranial nerve palsies, epilepsy, memory deficits, beha-
vioural disorders, ataxia, blindness and hemianopia.

Intraventricular rupture is a particularly serious
complication and is associated with a mortality rate ex-
ceeding 80%. As well as the administration of appro-
priate antibiotics systemically, management should
comprise open craniotomy with aggressive debride-
ment of the abscess cavity and lavage of the ventricular
system with normal saline containing one or more ap-
propriate antibiotics suitable for intraventricular instil-
lation, i.e., vancomycin and gentamicin, each at a con-
centration of 10 mg/l.
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54.2.2
Subdural Empyema
54.2.2.1
Epidemiology

Infection of the subdural space may occasionally be lo-
calized by adhesions forming an abscess, but the wide
extent of this potential space and the relative avascular-
ity of its walls are such that pus, once formed, normally
spreads too rapidly for effective adhesions to develop. It
is then no longer an abscess but a subdural empyema.
Subdural empyema occurs less commonly than brain
abscess, but still accounts for approximately 20% of all
intracranial infections; a typical neurosurgical depart-
ment will therefore see between two and three cases per
year. While all ages are affected, 76% of cases occur in
the second and third decades. There is a male prepon-
derance, the male : female ratio being 4 :1.

54.2.2.2
Pathogenesis

In 50–70% of patients infection spreads to the dura, ei-
ther directly or, more often, indirectly via venous
drainage, from the paranasal sinuses (particularly the
frontal and ethmoid sinuses). Frontal sinusitis may
cause thrombophlebitis of the anterior part of the supe-
rior sagittal sinus, with infection then spreading to the
subdural space bilaterally. The circular and petrosal si-
nuses may be infected from the sphenoid air sinuses
and both middle cranial fossae may then be involved. A
further 10–20% of subdural empyemas originate in
the middle ear or mastoid cavity; infection spreads di-
rectly into the subdural space via erosion of the tegmen
tympani or bone adjacent to the air cells and dura ma-
ter or, indirectly, by way of a progressive thrombophle-
bitis of the perforating veins. Otogenic subdural empy-
ema is initially localized posteriorly or on the tentori-
um. In 5% of cases spread is from a distant focus, usu-
ally the lungs, via the bloodstream. Subdural empyema
may also develop following trauma or neurosurgery or
in association with dental infection, facial infection,
brain abscess, meningitis (the principal predisposing
disease in infants), cranial osteomyelitis or infected
subdural haematoma; in 15% of cases the source is un-
known.

54.2.2.3
Pathology

Large collections of pus may develop, not only on the
surfaces of the cerebral hemispheres, but also in the in-
terhemispheric fissure, at the base of the brain and be-
tween the inferior surfaces of the cerebral hemispheres
and the tentorium; the posterior fossa is rarely involved
and fewer than 10% of infections are infratentorial. The

empyema may be loculated. Eventually, pus may accu-
mulate focally to form multiple abscesses. Oedema of
the brain parenchyma develops rapidly and contrib-
utes to the mass effect. Focal osteomyelitis and extra-
dural abscess co-exist in up to 50% of patients.

54.2.2.4
Aetiology

The organisms associated with subdural empyema
closely resemble those causing brain abscesses al-
though, unlike brain abscess, most infections are
monomicrobial. Streptococci (aerobic, anaerobic and
microaerophilic) are the predominant pathogens,
being isolated from 50–75% of patients. Anaerobes
account for 5–10% of pathogens, and S. aureus
(15–25%) and Enterobacteriaceae and P. aeruginosa
(together accounting for 5–10% of infections) are usu-
ally associated with head trauma or neurosurgery. A
miscellany of other organisms, including Haemophilus
influenzae, Streptococcus pneumoniae, Neisseria me-
ningitidis and Group B q -haemolytic streptococci, has
also been isolated. The aetiological agents in infants are
the same as those causing leptomeningitis. In approxi-
mately one-third of cases no pathogens are isolated, ei-
ther because patients were receiving antibiotics when
the specimens were obtained or because of suboptimal
culture techniques.

54.2.2.5
Clinical Manifestations

The signs and symptoms of subdural empyema are the
consequences of the combined effects of raised intra-
cranial pressure, focal pressure, meningitis, systemic ef-
fects and the underlying infection. Acute subdural em-
pyema has been described as the most imperative surgi-
cal emergency. Patients present with a history of short
duration, and the course of the disease is rapid and ful-
minating. The most common clinical features are head-
ache, fever, meningism, nausea and/or vomiting, im-
paired consciousness, focal neurological deficits (in-
cluding hemiparesis, hemiplegia and dysphasia) and fo-
cal or generalized seizures. Because of the rapid course
of the disease process papilloedema develops in fewer
than 50% of patients. Concurrent sinusitis or otitis me-
dia has been reported in 60–90% of cases. In the ab-
sence of appropriate treatment the neurological signs
become exaggerated and the intracranial pressure in-
creases, with transtentorial and tonsillar herniation.

In patients with subacute subdural empyemas the
history is longer (usually weeks) and infection is usual-
ly secondary to trauma or surgery. Patients complain of
chronic localized headache, and tenderness and ery-
thema are present over the craniotomy incision or the
site of the trauma.
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In infancy the clinical features are similar to those in
adults, i.e., high fever, seizures, vomiting, lethargy, irri-
tability, a bulging fontanelle, neck stiffness and coma.

The clinical features of subdural empyema are non-
specific and the following conditions must be included
in the differential diagnosis: brain abscess; extradural
abscess; cortical thrombophlebitis; meningitis; throm-
bosis of the cavernous or lateral sinus; sphenoid sinus
empyema; tuberculous meningitis; encephalitis; septic
infarct secondary to endocarditis; and exacerbation of
otitis media or sinusitis.

54.2.2.6
Diagnosis

A high clinical suspicion and prompt diagnosis are es-
sential to a successful outcome. Plain skull films are
rarely helpful, although they may demonstrate concur-
rent sinusitis or otitis media and/or pineal shift. An un-
enhanced CT scan is often normal. Contrast enhance-
ment, which is mandatory, frequently demonstrates
very subtle changes with only slight displacement of the
enhancing capsule away from the vault. However, these
changes are non-specific and not invariably present, es-
pecially in the early stages of the disease. Because of its
greater sensitivity and specificity MRI with gadolinium
enhancement has become the diagnostic procedure of
choice.

Peripheral WBC counts are usually high (20–
30×109/l). EEG often reveals non-specific abnormali-
ties and is therefore not particularly helpful. Similarly,
the findings in the CSF are non-specific and are usually
consistent with the presence of a parameningeal focus;
however, the WBC count is not invariably elevated. On
the grounds that a lumbar puncture rarely provides
valuable diagnostic information and may cause brain-
stem herniation this procedure is justified in only the
most exceptional circumstances.

54.2.2.7
Surgical Management

In most cases the rapid progression of a subdural em-
pyema necessitates early surgical intervention, al-
though small numbers of patients have been treated
conservatively. Surgical drainage relieves intracranial
pressure and facilitates both optimal antibiotic therapy
and the activities of the antibiotics administered.
Drainage can be achieved either by multiple burr holes
with irrigation of the subdural space or by craniotomy,
but neurosurgeons are at variance regarding the supe-
rior approach. Advocates of craniotomy claim that it is
associated with a higher incidence of survivors, better
decompression and lower rates of complications and
reaccumulation. It is the surgery of choice for patients
with posterior fossa empyema if the pus is too tena-

cious to be removed through a burr hole or if there is
reaccumulation of pus. On the other hand, if infection
of the cranial bone flap complicates craniotomy, re-
placement of the flap may not be possible until the in-
fection has resolved, thereby leaving a defect. Recur-
rences, which may be multiple, are common, necessi-
tating further surgery in up to 50% of patients. Serial
serum CRP concentrations should be used to monitor
patients’ responses. Failure of the CRP concentration to
fall or a rise following an initial decline in a patient who
is receiving appropriate antibiotic therapy in adequate
dosages is probably the earliest indication of reaccu-
mulation.

54.2.2.8
Antimicrobial Chemotherapy

Although treatment is almost invariably empirical the
choice of agents can be guided by knowledge of the pre-
dominant pathogens, the presumed source and the
odour and a Gram’s stain of the pus. A second- or third-
generation cephalosporin, such as cefuroxime 1.5 g
qds, cefotaxime 2–3 g qds or ceftriaxone 3–4 g od or
2 g bd, in combination with metronidazole 500 mg tds,
would be appropriate empirical therapy of most pa-
tients with subdural empyema. Neonates, in whom
subdural empyemas are often secondary to meningitis,
can be given the same regimen, but without the metro-
nidazole. Patients who develop subdural empyemas
following neurosurgery should receive a combination
of flucloxacillin 2–3 g qds and ceftazidime 2 g tds.
Therapy should be modified, if necessary, in the light of
culture and susceptibility test results. Initially, all anti-
biotics should be administered by the intravenous
route. Instillation of antibiotics into the subdural space
is a common practice, but there is no evidence that it is
beneficial and q -lactam antibiotics may be epilepto-
genic. There is no consensus regarding the optimal du-
ration of therapy and no clinical trials have been con-
ducted with the aim of resolving this issue. Most pa-
tients have been treated for between 3 and 4 weeks, al-
though, in common with patients with brain abscesses,
antibiotics can be discontinued once the serum CRP
concentration returns to normal. This will usually be
2 weeks after starting appropriate therapy.

Therapeutic adjuncts include prophylactic anticon-
vulsants and mannitol and steroids to reduce intracra-
nial pressure.

54.2.2.9
Prognosis and Complications

Without prompt diagnosis and the initiation of effec-
tive treatment subdural empyema is rapidly fatal. In the
past, mortality rates have ranged from 25–40% but,
more recently, with the introduction of better diagnos-
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tic and therapeutic measures, rates have fallen to be-
tween 10% and 20%; if the patient is alert at the time of
presentation, mortality rates are usually less than 10%,
but may be up to 75% if the patient is comatose.

When therapeutic intervention is timely there is a
high likelihood of complete recovery in survivors. Re-
accumulation of pus, which is almost invariably sterile,
occurs in up to 50% of patients on as many as three oc-
casions, thereby necessitating further surgery. Other
complications include focal or generalized seizures, he-
miparesis, aphasia, septic venous thrombosis, corti-
cothrombophlebitis, intracranial abscess, epidural ab-
scess and osteomyelitis.

54.2.3
Spinal Extradural (Epidural) Abscess
54.2.3.1
Epidemiology

Spinal extradural abscess is a localized suppurative in-
fection of the space between the outermost layer of the
meninges, the dura mater, and the vertebral column. It
is an uncommon disease and even large neurosurgical
centres can expect no more than 5 cases per year. While
all ages are affected, the mean age is between 50 and
60 years; the disease is rare in infants and young chil-
dren. The male:female ratio has been reported as vary-
ing from 1–2:1.

54.2.3.2
Pathogenesis

Spinal extradural abscesses almost always originate
from foci of infection elsewhere in the body, with
spread to the extradural space either via the blood-
stream or the lymphatic system, or directly from a con-
tiguous focus of infection. Skin and soft tissue infec-
tions are the most common sources of bacteraemias
leading to extradural infections, but other foci include
infective endocarditis, pharyngitis, mastoiditis, pneu-
monia, urinary tract infections, periodontal infections,
intra-abdominal infections and infected vascular cath-
eters. Abscesses may also occur following direct spread
from vertebral osteomyelitis (present in more than
50% of chronic abscesses, but in only 15% of acute ab-
scesses), perinephric, retropharyngeal or psoas ab-
scesses, decubitus ulcers or persistent/congenital der-
mal sinus tracts. Infections have been reported, albeit
rarely, following penetrating injuries, lumbar punc-
tures, spinal surgery, epidural anaesthesia and CT-
guided needle biopsy and in association with the use of
temporary epidural catheters. A history of prior back
trauma has been noted in 10–35% of patients, leading
to suggestions that haematomas or damaged tissues
may predispose to haematogenous seeding. Other pre-
disposing conditions include diabetes, intravenous

drug abuse, degenerative joint disease and renal or liver
failure.

54.2.3.3
Pathology

Owing to the lack of resistance to the longitudinal
spread of infection through the extradural space, sever-
al (on average, between three and six) vertebral seg-
ments are affected, although there have been reports of
the entire length of the spinal cord being involved. In-
volvement of the thoracic spine occurs in 50–80% of
cases, the lumbar spine in 17–38% and the cervical
spine in 10–25%; in children, infection usually affects
the cervical and lumbar regions. Abscesses are located
posterior to the cord in more than 70% of patients, but
they may also be anterior or circumferential. Acute ab-
scesses consist of granulation tissue containing locula-
ted pus, while chronic abscesses consist of both granu-
lation and fibrous tissues. As the abscess enlarges it
may compress the spinal cord, cause vascular occlusion
secondary to septic thrombophlebitis or extend into
the subdural or subarachnoid space.

54.2.3.4
Aetiology

Pathogens are isolated either from blood cultures or in-
traoperative specimens or both. S. aureus is the pre-
dominant aetiological agent, accounting for 60–90% of
infections. Other common organisms include strepto-
cocci (approximately 20%), AGNB (approximately
15%) and anaerobes (up to 7%); a very broad range of
bacterial and fungal species have been reported less
frequently and multiple organisms have been isolated
from 5–10% of patients.

54.2.3.5
Clinical Manifestations

Spinal extradural abscesses may develop acutely or
chronically. Acute cases are more likely to exhibit the
classical features of infection, i.e., high fevers, rigors
and raised peripheral WBC counts, consistent with
spread by the haematogenous route, while chronic
cases are more likely to be secondary to slowly develop-
ing contiguous foci of infection, particularly vertebral
osteomyelitis. Meningism is a not-uncommon presen-
tation and usually results from the proximity of the ab-
scess to the meninges, i.e., a parameningeal focus, as
opposed to infection in the CSF compartment. Classi-
cally, the disease progresses through four phases: phase
I, focal vertebral pain at the affected level of the spine,
with localized tenderness and fever; phase II, nerve
root pain, with radiculopathy and/or paraesthesiae;
phase III, weakness, with motor and sensory deficits
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and/or bladder or bowel dysfunction; and phase IV, pa-
ralysis. The first three phases progress at rates varying
from days in acute cases to weeks or months in chronic
cases. However, the weakness phase (III) can progress
to the paralysis phase (IV) within hours, irrespective of
whether the course of the disease is acute or chronic.

Back pain, with or without neurological deficits,
may be attributed to an enormous range of disease pro-
cesses. This, and the relative rarity of spinal extradural
abscess, have led to a high percentage of patients with
this disease being initially misdiagnosed, although the
presence of systemic signs of infection may help to nar-
row the spectrum. Included in the differential diagno-
sis of spinal extradural abscess are the following: mus-
culoskeletal pain secondary to strain or trauma; verte-
bral or intervertebral disc space disease (degenerative
or inflammatory); vertebral osteomyelitis; tuberculous
osteomyelitis; transverse myelitis (associated with bac-
terial, viral or parasitic infection, vaccination or auto-
immune disease); meningitis; intradural or extradural
neoplasms (primary or metastatic); Guillain-Barré
syndrome; vascular lesions; spinal subdural abscess;
epidural lipomatosis; epidural sarcoidosis; intraspinal
infection; and spinal cord haematoma.

54.2.3.6
Diagnosis

Spinal extradural abscess should be considered in any
patient with back pain and one or both of radicular
symptoms and meningism, especially in the presence
of the signs of infection. Prompt diagnosis is essential if
permanent neurological sequelae are to be avoided.

Plain X-ray films of the spine are normal in many
patients, but they may show signs of vertebral osteomy-
elitis or other findings suggestive of infection in the
spinal canal. CT, with contrast enhancement, is useful
in diagnosing vertebral osteomyelitis and distinguish-
ing between extradural and subdural infections. How-
ever, as it is a relatively insensitive technique for diag-
nosing extradural abscesses and as it may fail to define
the longitudinal extent of the infection, it is rarely used.
Gadolinium-enhanced MRI is superior to CT and is
currently the diagnostic procedure of choice in the ini-
tial evaluation of patients with suspected extradural
abscesses. It usually shows an heterogeneously enhanc-
ing extradural mass with compression of the adjacent
neural structures. MRI accurately identifies both extra-
dural abscess and osteomyelitis, differentiates between
extradural abscess and other spinal cord lesions with
which it can be confused and precisely delineates the
longitudinal extent of the infection and loculations of
inflammatory tissue.

A raised peripheral WBC count and ESR are com-
mon findings, especially in patients with acute disease,
but are non-specific and therefore unreliable. Samples

of blood for culture should always be taken and yield a
pathogen in up to 70% of cases. A lumbar puncture
should not be performed routinely because of the risk
of spreading infection to the subdural or subarachnoid
space. Examination of CSF typically shows ranges char-
acteristic of a parameningeal focus of inflammation,
with a raised WBC count of usually no more than 150
cells/mm3 (much less if the abscess is chronic) and
comprising a mixture of polymorphonuclear leucocy-
tes and lymphocytes or predominantly polymorpho-
nuclear leucocytes; the protein concentration is raised
(markedly in the presence of a complete block) and the
glucose concentration is normal, unless there is coinci-
dental meningitis. A Gram’s stain is usually negative
and the CSF is sterile in up to 80% of cases. Material ob-
tained from the abscess should always be submitted for
Gram’s stain and culture.

54.2.3.7
Surgical Management

Surgical drainage with decompression laminectomy, as
soon as the diagnosis is made in order to optimize neu-
rological recovery and to reduce the potential for rapid
progression to complete and permanent paralysis, is
considered to be the cornerstone of surgical manage-
ment. The extent of the procedure will depend on the
extent of the abscess, as demonstrated by radiological
imaging. In children, a limited laminectomy may be
undertaken to minimize the risk of subsequent spinal
deformity. Occasionally, anterior spinal decompression
is necessary, particularly when the cervical spine is in-
volved and pus is present in the ventral extradural
space. Immediate stabilization with graft, and even
plates and screws, has recently been used successfully
in the acute stage. It has been recommended that a
wound drain be inserted at the time of primary drain-
age as a means of preventing recurrence of the extradu-
ral collection. Primary closure of the wound reduces
both the amount of discomfort experienced by the pa-
tient and the duration of hospital stay. CT-guided per-
cutaneous needle aspiration has been used as an alter-
native to laminectomy in selected patients, but this ap-
proach has not been validated by clinical trials and it
should not normally be used in place of surgery. Antibi-
otic therapy alone may be considered if a patient’s gen-
eral condition precludes surgery or if the patient has no
or only minimal neurological deficit on presentation.
The latter group should be monitored closely with reg-
ular neurological examinations and MRI studies, and
surgical intervention should be implemented immedi-
ately in the event of sudden neurological deterioration.

54.2 Primary Infections 589



54.2.3.8
Antimicrobial Chemotherapy

The initial empirical regimen, the choice of which can
be facilitated by a Gram’s stain of any pus that is ob-
tained at surgery, should provide cover against the pre-
dominant pathogen, S. aureus. Flucloxacillin 2–3 g qds
is therefore the drug of choice, with a first-generation
cephalosporin, such as cefradine 2–3 g qds, for patients
who are allergic to penicillins and a glycopeptide (van-
comycin or teicoplanin) for those with infections likely
to be caused by methicillin-resistant S. aureus (MRSA).
If there is any reason to suspect AGNB, a second- or
third-generation cephalosporin (cefuroxime 1.5 g tds,
cefotaxime 2–3 g qds or ceftriaxone 3–4 g od or 2 g bd)
or a fluoroquinolone (ciprofloxacin 400–600 mg bd)
would be appropriate, unless P. aeruginosa is a possibil-
ity, in which case ceftazidime 2 g tds (together with flu-
cloxacillin) should be administered. An anti-anaerobic
agent, such as metronidazole 500 mg tds, should be
added to the empirical regimen if anaerobes are sus-
pected on the basis of the original focus of infection
and/or foul-smelling pus. Treatment should be modi-
fied, if necessary, in the light of the results of culture
and susceptibility testing. Initially, all antibiotics
should be administered by the intravenous route.
While the optimal duration of therapy has not been de-
termined, most patients have received antibiotics for
3–4 weeks, although shorter courses may be equally ef-
fective. The response to treatment should be monitored
by serial measurements of the serum CRP concentra-
tion. If there is concurrent osteomyelitis the drugs
should be given for a total of 6 weeks. The role of ste-
roids in the management of patients with spinal extra-
dural abscess is controversial. They have not been
shown convincingly to improve outcome and, with
prompt diagnosis, early surgical decompression and
effective antibiotic therapy, are probably unnecessary.

54.2.3.9
Prognosis and Complications

The likelihood of complete recovery is high if interven-
tion is begun before or during the second (root pain)
phase of the disease, i.e., before there is significant neu-
rological deficit. The prognosis worsens rapidly when
there is a delay in making the diagnosis and once weak-
ness develops. There is little likelihood of full recovery
if surgery is delayed by more than 24 h after the onset of
paralysis and no chance if the delay is more than 48 h.
The overall incidence of mortality is reported to be
13%, but 5% in patients treated surgically.

54.3
Secondary Infections
54.3.1
External Ventricular Drain-Associated Ventriculitis
54.3.1.1
Epidemiology

External ventricular drains (EVDs) are essential moni-
toring devices in neurosurgery and direct portals for
the removal of CSF (as temporary means of controlling
raised intracranial pressure) or the injection of thera-
peutic agents. Their benefits must be balanced against
the complications associated with their use. The most
important of these complications is infection (ventri-
culitis) which, after operative site/wound infection, is
the commonest secondary infection in neurosurgical
patients. The risk of developing ventriculitis is lowest
during the first 4 days that the drain is in situ, rises over
the first 10 days and falls off markedly thereafter. The
incidence has been reported to be as high as 40%, but
more commonly between 4% and 11%, and is directly
related to the effectiveness of the aseptic techniques
employed in inserting and maintaining the drain. Al-
though some investigators have described an associa-
tion between infection and intraventricular haemorr-
hage [5, 7], those involved in a recently published,
large, prospective study found no such association [4];
this latter group did however identify length of EVD
placement and CSF fluid leakage about the drain as in-
dependent risk factors. It has been proposed that the
infection rate could be lowered by prophylactically ex-
changing EVDs at 5-day intervals [5]. However, it was
subsequently demonstrated that the infection rate in
patients in whom EVDs were replaced after <5 days
was not lower than that in patients in whom the drains
were exchanged at intervals of >5 days [3]. The investi-
gators therefore recommended that drains should be
removed from non-infected patients as early as is prac-
ticable, but that they should not be exchanged routine-
ly. In other centres, an antibiotic with predominantly
Gram-positive activity is given as a single dose by the
parenteral route before EVD insertion and is continued
while the EVD remains in situ [4]. Not surprisingly,
most (82%) of the pathogens identified at that institu-
tion are Gram-negative bacteria which are associated
with mortality rates of up to 58%, markedly higher
than those associated with Gram-positive bacteria. In
addition, two retrospective studies of the efficacy of an-
tibiotic prophylaxis in patients with external CSF
drainage devices [1, 6] failed to demonstrate reduced
incidences of ventriculitis, but showed that this inter-
vention is associated with increased healthcare costs.
In view of the absence of any discernible benefit and the
risk of selecting for multidrug-resistant AGNB, prophy-
lactic antibiotics should not be routinely administered
to patients with EVDs.
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54.3.1.2
Aetiology

In common with intravascular line-related infections,
the predominant aetiological agents are coagulase-neg-
ative staphylococci (CoNS), followed by S. aureus (in-
cluding MRSA). The remainder comprises a wide range
of other Gram-positive bacteria, including [ -haemoly-
tic streptococci, and, with increasing frequency, espe-
cially among patients who have received prolonged
and/or multiple courses of antibiotics, AGNB. Yeasts
are recognized, albeit rare, pathogens.

54.3.1.3
Clinical Manifestations

The clinical features of EVD-associated ventriculitis
typically bear little resemblance to those of bacterial
meningitis, either because many of the aetiological
agents exhibit only low-grade virulence (and, hence, do
not elicit brisk inflammatory responses in the CSF
compartment) or because the patients are sedated and/
or paralyzed. The signs and symptoms may therefore
be subtle, or even inapparent. Pyrexia is an almost in-
variable finding and may be the only sign in patients
who are unresponsive. On the other hand, fever is a
common finding in neurosurgical patients and is not
pathognomonic of infection. Headache, nausea and/or
vomiting and, less frequently, altered mental status
may be observed in responsive patients, but signs of
raised intracranial pressure are uncommon owing to
the presence of the EVD.

54.3.1.4
Diagnosis

Microscopic examination of CSF may reveal a marked
pleiocytosis. More commonly, however, few, or even
no, WBCs may be seen because many of the causes of
EVD-associated ventriculitis cause minimal inflamma-
tory responses. Bacteria may be detected on a Gram’s
stain, but the definitive diagnostic criterion is the isola-
tion of a presumptive pathogen on direct, as opposed to
enrichment, culture of the CSF. However, the incidence
of contamination is high in this setting and the diagno-
sis should therefore be confirmed by identifying the
same bacterium in a second specimen.

54.3.1.5
Antimicrobial Chemotherapy

In most cases antibiotic therapy can be administered by
the intraventricular route. If the pathogen is a CoNS the
patient should be treated by instilling vancomycin
(5–20 mg, depending on the volume of distribution,
i.e., 5 mg for patients with volumes of distribution

which are less than normal, 10 mg for those with nor-
mal volumes, 15 mg for those with volumes which are
moderately greater than normal and 20 mg for those
with volumes which are markedly greater than normal)
directly into the ventricles via the EVD and then clamp-
ing the drain for approximately 15 min. The dosing fre-
quency will depend on the volume of CSF drained dur-
ing the 24 h since the previous dose and must be re-
viewed daily. If there is no, or minimal, drainage
(<50 ml/day) doses need to be repeated on only every
third day. If the amount of drainage is between 50 ml
and 100 ml dosing should be on alternate days. If the
volume is between 100 ml and 150 ml a daily dose
should be administered. For patients whose output ex-
ceeds 150 ml in a 24-h period the baseline dosage
should be increased by 5 mg for each 50 ml. A 5–7 day
course is usually adequate. Patients with ventriculitis
caused by S. aureus (regardless of whether the isolate is
methicillin-susceptible or -resistant) should receive the
same regimen as those with infections caused by CoNS,
but the duration of therapy should be 2 weeks; systemic
rifampicin (600 mg bd) can be administered as a thera-
peutic adjunct, particularly in cases of severe infection.
Those with infections caused by AGNB should receive a
third-generation cephalosporin (cefotaxime, ceftriaxo-
ne or ceftazidime) or meropenem, depending on the
susceptibility of the pathogen. In addition, gentamicin,
in dosages ranging from 2–5 mg, according to the pa-
tient’s volume of distribution, should be administered
intraventricularly via the EVD. The dosing frequency is
based on the volume of CSF that has drained over the
24 h since the preceding dose and is the same as that de-
scribed above for vancomycin (but increasing the base-
line dosage by 1 mg for each 50 ml of CSF in excess of
150 ml); the frequency must be assessed daily. Colistin
(50,000–200,000 IU, depending on the volume of dis-
tribution) can be substituted for gentamicin in the
event of resistance to the latter drug, again with the
same dosing frequency as for vancomycin (but increas-
ing the baseline dosage by 25,000 IU for each 50 ml in
excess of 150 ml) and with daily assessment. The dura-
tion of therapy should be 2–3 weeks. The dosing regi-
mens are summarized in Table 54.2. It must be pointed
out that the product licenses of the antibiotics recom-
mended herein for intraventricular use do not cover
this route of administration. However, many hundreds
of patients have received drugs by this route and, to
date, no adverse effects have been reported when for-
mulations suitable for administration into the CSF
compartment have been employed. Moreover, intra-
ventricular administration is highly effective, ensures
maximum concentrations at the site of infection, avoids
systemic toxicity, exerts negligible pressures in terms of
selecting resistant strains and, when used as the only
therapeutic intervention, is markedly less expensive
than parenteral treatment. Finally, if the EVD is no lon-
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Table 54.2. Antibiotic treatment regimens for patients with EVD-associated ventriculitis

Anti-
biotic

Dosage according to CSF VDa Dosing frequency (per 24 h since previous dose)
<Normal Normal Moderately

>normal
Markedly
>normal

<50 ml 50–100 ml 100–
150 ml

>150 ml

Vanco-
mycin

5 mg 10 mg 15 mg 20 mg Every
third day

Alternate
days

Daily Daily + 5 mg for each 50 ml,
or part thereof, >150 ml

Genta-
micin

2 mg 3 mg 4 mg 5 mg Every
third day

Alternate
days

Daily Daily + 1 mg for each 50 ml,
or part thereof, >150 ml

Colistin 50,000 IU 100,000 IU 150,000 IU 200,000 IU Every
third day

Alternate
days

Daily Daily + 25,000 IU for each
50 ml, or part thereof,
>150 ml

a Volume of distribution

ger required, it should be removed immediately after
administration of the last dose of antibiotic in order to
avoid relapse or reinfection; otherwise, it should be re-
placed for the same reason.

54.3.2
Post-neurosurgical Bacterial Meningitis
54.3.2.1
Epidemiology

In a study of 151 adult patients with nosocomial bacte-
rial meningitis [2] 68 (45%) had recently undergone
neurosurgery. Nonetheless, the incidence of bacterial
meningitis complicating neurosurgical procedures (ex-
cluding patients with CSF shunts or external CSF drain-
age devices) is low, varying from 0.5% in patients who
have undergone clean procedures with antibiotic pro-
phylaxis to 6% in those who have undergone clean-
contaminated procedures (those that traverse an area
colonized by bacteria, e.g., an air-filled sinus) without
prophylactic cover. Craniotomy following trauma or
for the resection of tumour is the procedure most fre-
quently associated with post-operative meningitis.
Close proximity to the heavily colonized scalp, or the
need to enter the frontal, sphenoidal or mastoid air si-
nuses, allows direct contamination of the operative
field and secondary CSF leakage facilitates the entry of
potential pathogens into the subarachnoid space.

54.3.2.2
Aetiology

AGNB, including Escherichia coli, Klebsiella pneumoni-
ae, Enterobacter spp., P. aeruginosa and, increasingly,
Acinetobacter spp., which together account for
60–70% of cases, followed by S. aureus, are the most
common aetiological agents. In patients with defects of
the dura and CSF leaks (rhinorrhoea or otorrhoea) who
have not received prophylactic antibiotics, S. pneumo-
niae and, less frequently, other constituents of the up-
per respiratory tract flora are the principal pathogens,
whereas in those who have received antibiotics as pro-
phylaxis or for other reasons AGNB predominate.

54.3.2.3
Clinical Manifestations

The clinical features of post-neurosurgical meningitis,
which usually presents within the first 7–10 days fol-
lowing surgery, are indistinguishable from those of
community-acquired meningitis, i.e., headache, fever,
neck stiffness, nausea and vomiting and, occasionally,
an altered level of consciousness. However, the onset is
sometimes insidious and it may be difficult to differen-
tiate bacterial meningitis from the neurological symp-
toms and signs that are common in the early post-oper-
ative period or that are associated with the underlying
disease. Another cause of the ‘meningeal syndrome’
that also presents approximately 7–10 days into the
post-neurosurgical period is chemical or aseptic men-
ingitis. This condition occurs more than twice as fre-
quently as bacterial meningitis and is thought to be the
result of chemical irritation of the meninges, caused ei-
ther by blood or blood degradation products which are
introduced into the subarachnoid space during surgery
or by factors released by dural substitutes. The course
and symptoms are identical to those in patients with
bacterial meningitis, but patients normally respond fa-
vourably to high dosages of corticosteroids.

54.3.2.4
Diagnosis

In the acute stages of bacterial meningitis meningeal
enhancement may be seen, although this is not particu-
larly helpful and its absence does not exclude meningi-
tis. Examination of the CSF is the definitive diagnostic
procedure, but a CT scan is frequently performed first
in order to determine that a lumbar puncture is safe.
When a lumbar puncture is unsafe it may be necessary
to carry out a ventricular puncture (although ventricu-
lar and lumbar CSF samples in patients with obstruc-
tive hydrocephalus may differ markedly in terms of the
cell counts and biochemical profiles) or to treat empiri-
cally. The CSF protein concentration and WBC count
(with a predominance of polymorphonuclear leucocy-
tes) are almost always elevated. However, if the sample
has been obtained within 12 h of the onset of symp-

592 54 Neurosurgical Infections in Intensive Care Unit Patients



toms the cell count may be low or even within the nor-
mal range; a repeat CSF examination (where practical)
24 h later usually demonstrates a marked pleiocytosis.
The glucose concentration is normally depressed in the
presence of infection, but a Gram’s stain may be nega-
tive in up to 70% of patients with culture-positive in-
fections. In common with the clinical presentation, CSF
parameters (both cellular and biochemical) may be al-
tered in the post-operative period as a result of either
the surgery itself or aseptic meningitis. Indeed, the
ranges of values of CSF variables found in infected pa-
tients overlap significantly with those found in non-in-
fected post-operative patients, thereby confounding ef-
forts to confirm the diagnosis. The desirability of
avoiding the needless administration of antibiotics to
patients with aseptic meningitis and the potentially
devastating consequences associated with giving ste-
roids to patients with bacterial meningitis have
prompted a search for alternative diagnostic tests that
both reliably and rapidly distinguish between the two
disease processes. Currently, however, no validated sin-
gle test or combination of tests has been shown to have
sufficient specificity and sensitivity for it to be used to
discriminate, with the 100% accuracy that is required,
between bacterial and aseptic meningitis at the time of
presentation. Until this problem has been resolved, iso-
lation of a pathogen from the CSF of post-operative
neurosurgical patients must remain the definitive diag-
nostic criterion, although this means that the diagnosis
can be made only retrospectively.

54.3.2.5
Antimicrobial Chemotherapy

Owing to the difficulties of accurately identifying pa-
tients with bacterial meningitis prospectively and the
morbidity and mortality resulting from delays in initi-
ating therapy, all patients who present with the clinical
and laboratory features of post-operative meningitis
should receive empirical antibiotic therapy. If the CSF
is subsequently found to be sterile (usually after
2–3 days), antibiotic treatment can be discontinued,
providing that antibiotics had not been given during
the 24–48 h before the lumbar puncture was per-
formed.

A third-generation cephalosporin, such as cefotaxi-
me 2–3 g qds or ceftriaxone 3–4 g od or 2 g bd, should
be administered as initial empirical therapy, unless the
patient has already received broad-spectrum antibiot-
ics, in which case ceftazidime 2 g tds should be pre-
scribed in order to provide cover against P. aeruginosa.
Where high rates of resistance to third-generation
cephalosporins are observed meropenem 2 g tds
should be prescribed. Meropenem is also the drug of
choice for patients with infections caused by Acineto-
bacter spp., which tend to be resistant to multiple anti-

biotics. (The incidence of seizures in neurosurgical pa-
tients receiving meropenem is low, i.e., <1%, com-
pared with up to 7% in patients given imipenem-cila-
statin.) The only other therapeutic option for patients
with infections caused by multidrug-resistant AGNB is
trimethoprim-sulfamethoxazole, although, owing to
increasing rates of resistance to this agent, it should not
be administered unless the pathogen is confirmed to be
susceptible. In the absence of robust evidence of effica-
cy, fluoroquinolones, such as ciprofloxacin, should not
be used as therapy of patients with meningitis caused
by AGNB. Those with infections caused by methicillin-
susceptible strains of S. aureus should be treated with
flucloxacillin 2–3 g qds, with or without rifampicin
600 mg bd. Either vancomycin 1 g bd or teicoplanin
12 mg/kg body weight od (after three loading doses giv-
en at 12-h intervals) is the drug of choice for the treat-
ment of patients with meningitis caused by strains of
MRSA and should be administered in combination
with rifampicin 600 mg bd. However, glycopeptides
penetrate poorly into the CSF compartment and, if the
patient has failed to respond to systemic therapy, it may
be necessary to implant a ventricular access device,
such as an Ommaya reservoir, and to instil vancomycin
(10 mg every third day) directly into the ventricles.
Treatment should be modified, if necessary, once the
results of culture and susceptibility testing are avail-
able. Because AGNB can develop resistance to q -lac-
tams during courses of therapy, ideally, CSF should be
obtained for culture at regular intervals (every
4–5 days) in order to ensure that sterilization has been
achieved. If a patient with infection caused by an AGNB

Table 54.3. Systemica antibiotic therapy of neurosurgical pa-
tients with post-operative bacterial meningitis

Clinical setting/pathogen Regimen

First-line empirical therapy Cefotaxime 2–3 g qds or cef-
triaxone 3–4 g od or 2 g bd

Patient has recently received
a broad-spectrum antibiotic
or confirmed P. aeruginosa

Ceftazidime 2 g tds

Suspected or confirmed
ESBL-producing Enterobac-
teriaceae or Acinetobacter sp.

Meropenem 2 g tds

Methicillin-susceptible
S. aureus

Flucloxacillin 2–3 g qds with
or without rifampicin
600 mg bd

Methicillin-resistant
S. aureus

Vancomycin 1 g bdb or teico-
planin 12 mg/kg body weight
od (after three loading
doses) plus rifampicin
600 mg bd

a If intraventricular instillation is indicated, the following regi-
mens, administered every third day, are appropriate: vanco-
mycin 10 mg; gentamicin 3–4 mg; colistin 50,000–200,000 IU

b Serum concentrations must be monitored
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is severely ill, the response to therapy is delayed or the
pathogen is not eradicated by systemic treatment
alone, gentamicin (3–4 mg, assuming a normal adult
CSF volume of distribution) or, in the event of resis-
tance to gentamicin, colistin (between 50,000 IU and
200,000 IU, assuming a normal adult CSF volume of
distribution) should be given intraventricularly every
third day; the threshold for doing so should be low. The
total duration of therapy should be 2 weeks if the path-
ogen is S. aureus and up to 3 weeks if it is an AGNB. The
various dosing regimens are summarized in Table 54.3.
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55Biliary Tract Infections
D. Holena, S.R. Eachempati, P.S. Barie

Infections of the biliary tree are similar to those found
elsewhere in the body in that therapy consists of antibi-
otics directed at the causative pathogens and source
control, typically in the form of drainage. Prior to the
development of antibiotics, biliary tract infections car-
ried a dismal prognosis and open surgical drainage was
the only treatment modality available. The morbidity
and mortality has decreased with the judicious use of
potent antibiotics and the development of newer, less
invasive modalities for drainage, but biliary tract infec-
tions remain an important cause and occasional com-
plication of critical illness. Unless diagnosed and treat-
ed aggressively, multiple organ dysfunction syndrome
(MODS) and death may ensue rapidly. Hepatobiliary
infections can be subdivided into those that involve
primarily the hepatic parenchyma (e.g., pyogenic liver
abscess, amebic abscess, echinoccocal disease) and
those that arise from the biliary tree (e.g., cholangitis,
biloma), but all infections involve both systems to some
degree. Signs and symptoms of hepatobiliary infection
commonly include abdominal pain, fever, nausea, and
vomiting; clinical presentation may range in severity
from the appearance of a chronic disease state to overt
septic shock. Leukocytosis is common to all, but
whereas patterns of liver enzyme abnormalities are ob-
served for different entities, the degree of overlap is
such that it may be difficult to make a definitive diagno-
sis based on history, physical examination, and labora-
tory values alone. Furthermore, in the critically ill pa-
tient, it may be difficult to distinguish liver dysfunction
caused by primary infection from that caused by
MODS. Imaging of the biliary tree is often of para-
mount importance in the diagnosis and treatment of
biliary tract infections, but ultimately a thorough
working knowledge of the differential diagnosis and
treatment of biliary tract infections is the key to suc-
cessful management.

55.1
Cholangitis

Cholangitis is an acute infection of the biliary tree. The
pathogenesis of cholangitis requires both obstruction

and bacterial superinfection. The etiology of biliary ob-
struction can be divided conceptually into intrinsic and
extrinsic causes. The most common cause of intrinsic
obstruction in the Western world is choledocholithiasis
as a consequence of gallbladder calculi [1]. Stones may
form primarily in the common bile duct as well, al-
though this is less common in Western countries and
more frequent among Asian populations. Primary can-
cers of the biliary tree, benign strictures caused by trau-
ma or ischemia, and disease processes such as primary
sclerosing cholangitis or Caroli’s disease (a congenital
disorder characterized by multifocal, segmental dilata-
tion of intrahepatic bile ducts) may also lead to intrinsic
obstruction. Both primary and metastatic malignant
disease of the abdominal viscera may cause extrinsic
obstruction, as more rarely can benign processes such
as Mirizzi’s syndrome, in which an impacted stone in
the gallbladder compresses the common bile duct. The
nature of the obstruction contributes to the disease pro-
cess, with obstruction from stones being more likely to
cause cholangitis than malignant obstruction [2].

Bile is sterile in the normal biliary tree, owing to sev-
eral factors. Bile itself has bacteriostatic properties, and
forward flow of bile from the hepatic ducts into the du-
odenum serves as a flushing mechanism. In addition,
the sphincter of Oddi serves as an anatomic barrier be-
tween the gut and the biliary tree, preventing reflux of
enteric flora. Bile salts excreted by the liver influence
the microbiology of the small bowel and serve to ab-
sorb intraluminal endotoxins. Bile salts may also exhib-
it a trophic effect on small bowel mucosa, thus helping
to prevent bacterial and endotoxin translocation. In the
absence of biliary flow, normal bacterial ecology is per-
turbed, leading to bacterial overgrowth as well as deg-
radation of mucosal defenses. The hepatic reticuloen-
dothelial system serves to filter translocated bacteria
and endotoxin and is impaired when the biliary tree is
obstructed, increasing further the risk of infection [3,
4]. Bacteria may gain access to the biliary tree either via
the portal vein or by ascending directly from the duo-
denum; support exists for both mechanisms in animal
models [5, 6]. In addition, pathogens may be intro-
duced iatrogenically during surgical, endoscopic, or
percutaneous biliary interventions
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Charcot’s triad of fever, right upper quadrant pain,
and jaundice is seen in 50–70% of patients upon pre-
sentation of cholangitis, with fever being the most con-
sistent clinical feature (90%) [7]. With the addition of
hypotension and altered mental status (i.e., severe sep-
sis or septic shock), Reynolds’ pentad is said to be pre-
sent. Laboratory studies in cholangitis typically reveal
leukocytosis, and direct hyperbilirubinemia is seen in
88–100% of patients. Alkaline phosphatase is elevated
in the majority (78%) as well [8]. Transaminitis is usu-
ally mild but may be marked in cases of acute obstruc-
tion.

Bile cultures obtained in cholangitis are positive
80–100% of the time, with positive blood cultures
found in up to two-thirds of patients. The concordance
rate between bile and blood cultures ranges between
33% and 84%, with bile cultures demonstrating greater
than one organism in roughly half of all cases. The typi-
cal flora are enteric in origin with Klebsiella spp., E. co-
li, Enterococcus spp., and Enterobacter spp. being most
common. Cutaneous flora, oral flora, and pseudomo-
nads may be found more frequently in cholangitis than
occurs in the postoperative and post-interventional
setting [9].

Radiologic imaging of patients with cholangitis can
be accomplished using ultrasound (US), computed to-
mography (CT) scan, or magnetic resonance imaging
(MRI). Ultrasound reliably detects cholelithiasis as well
as intrahepatic and extrahepatic ductal dilation, but is

Fig. 55.1. ERCP demonstrating choledocholithiasis with dilata-
tion of the biliary tree

only 50% sensitive for detecting choledocholithiasis.
Computed tomography detects ductal dilation with
98% accuracy and is superior to ultrasound in defining
the level of obstruction, but may fail to visualize stones
as only 10–15% of stones are calcified and therefore ra-
diopaque. Because stones can be visualized on MRI,
magnetic resonance cholangiopancreatography (MRCP)
provides the most complete noninvasive imaging infor-
mation as to the etiology of biliary obstruction. Where-
as MRCP can be most elucidating, it is expensive, time-
consuming, and not universally available. In addition,
it does not allow for therapeutic intervention. By con-
trast, endoscopic retrograde cholangiopancreatogra-
phy (ERCP) and percutaneous transhepatic cholangio-
pancreatography (PTC) are both 90–100% sensitive
for defining the site and nature of biliary obstruction
[4]. Either can be used not only diagnostically but also
therapeutically to decompress the biliary tree, obtain
tissue specimens, and place biliary stents. Both ERCP
and PTC have a small incidence of complications that
may precipitate ICU admission. In the stable patient
with suspected cholangitis, ultrasound should be con-
sidered the investigation of first choice, followed by
further imaging as needed with CT or MRCP. Because
of the potential for intervention, ERCP should be con-
sidered strongly in unstable patients and in other cases
where intervention is likely to be necessary (Fig. 55.1).
Hemodynamic instability in the setting of suspected or
confirmed bacterial cholangitis is a true emergency
that requires immediate biliary decompression.

Treatment of cholangitis consists of immediate fluid
resuscitation and broad-spectrum antibiotics followed
by urgent or emergent biliary decompression. Numer-
ous antibiotic regimens have been demonstrated to be
successful, including a single broad-spectrum agent
such as a ureidopenicillin [10] (e.g., piperacillin/tazo-
bactam); a ureidopenicillin plus metronidazole; mono-
or combination therapy with fluoroquinolones; or
combination therapy with an extended-spectrum
cephalosporin, ampicillin, and metronidazole [11–13].
Selection of antibiotics must take into consideration lo-
cal bacterial resistance patterns and cost. The majority
of patients will respond to initial medical therapy fol-
lowed by biliary decompression, but 10–15% will un-
dergo clinical decompensation requiring emergent de-
compression [14, 15].

In the past, surgical drainage by cholecystectomy
and common bile duct decompression was the only
method of decompression available; in the emergency
setting the mortality was as high as 40% [7]. Currently,
the less invasive techniques of ERCP and PTC have
technical success rates that exceed 90%. There are class
I data to demonstrate ERCP is the safest and most effi-
cacious treatment for acute cholangitis. The success
rate is greater than 90%, and the mortality rate of 10%
is considerably lower than that of surgery [16].
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Through ERCP a sphincterotomy can be performed to
facilitate drainage and removal of calculi. Alternatively,
a temporizing stent or nasobiliary tube may be placed.
Complications of ERCP include pancreatitis, perfora-
tion, hemorrhage, aspiration, systemic sepsis, and fail-
ure to clear the duct.

Percutaneous transhepatic biliary drainage can be
used to treat cholangitis in over 90% of cases, but it car-
ries 30% morbidity from complications such as hemor-
rhage, pneumothorax, subphrenic abscess, and bile
peritonitis. The mortality for PTC is estimated to be be-
tween 5% and 10%, similar to that of ERCP [1, 17]. Al-
though the morbidity is higher, PTC may be used pref-
erentially in situations such as intrahepatic choledo-
cholithiasis, intrasegmental cholangitis from proximal
bile duct stricture or neoplasm, or when ERCP is not
feasible secondary to surgically altered upper gastroin-
testinal tract anatomy (e.g., after Roux-en-Y recon-
struction) or challenging native anatomic variations
(such as when the ampulla of Vater is located within a
duodenal diverticulum).

Surgery is now used infrequently in the primary
management of acute cholangitis. In situations that re-
quire surgery to address an underlying problem, as in
the case of cholangitis caused by a resectable malignant
obstruction, patients may often be temporized by
ERCP or PTC. This converts an emergency operation
with its attendant mortality into an elective procedure,
which can be performed at lower risk after the patient
has been stabilized. Surgery is indicated in patients
who fail less invasive treatment methods, and standard
surgical therapy consists of a cholecystectomy, chole-
dochotomy, biliary drainage, and T-tube placement.
Techniques to perform this technique laparoscopically
have been developed, but are not in every surgeon’s ar-
mamentarium.

In a case of mild cholangitis as a result of choledo-
cholithiasis, the patient should undergo elective chole-
cystectomy (either after ERCP or intraoperative com-
mon bile duct exploration) upon recovery to prevent
further episodes. In the event that the patient is not a
candidate for such a procedure, the patient should be
monitored expectantly.

55.2
Liver Abscess

The underlying etiology and treatment of pyogenic liv-
er abscesses has shifted dramatically in the past centu-
ry. At the turn of the twentieth century, hepatic abscess-
es were typically the result of intra-abdominal bacterial
infections, most commonly appendicitis; in the pre-an-
tibiotic era, cure depended upon prompt surgical
drainage. With the advent of antimicrobial agents, pri-
mary infection seeding the liver via the portal vein has

greatly diminished as a cause of hepatic abscess. The
most common cause of liver abscesses is now ascending
biliary tract infection [18] (e.g., cholangitis, direct ex-
tension of acute suppurative cholecystitis).

The incidence of hepatic abscess ranges from 8 to 20
cases per 100,000 hospital admissions [19]. The average
age of presentation is in the 6th decade of life. Most
published series suggest that hepatic abscesses occur
fairly uniformly across gender, geographic, and ethnic
lines. Hepatic abscesses can be categorized by site of
route of invasion into the liver; 30–60% arise from the
infection of the biliary tree. Seeding from the portal
vein accounts for 10–25% of abscesses and is typically
a result of intra-abdominal sources of infection such as
diverticulitis. Systemic seeding via the hepatic artery
occurs in 1–10% of cases from processes such as bacte-
rial endocarditis, dental abscesses, or interventions
such as hepatic artery chemoembolization, intraopera-
tive cryoablation, or radiofrequency ablation [18].
These techniques directed at unresectable malignant
liver neoplasms result in necrosis of tumor and hepatic
parenchyma; secondary superinfection leading to ab-
scess formation may occur. Direct extension from adja-
cent organ infection (e.g., cholecystitis or pyelonephri-
tis) causes 2–10% of cases, whereas rarer causes in-
clude blunt and penetrating trauma to the liver (<1%).
Liver abscess complicates fewer than 1% of blunt liver
injuries managed non-operatively and is more com-
mon in patients requiring damage-control laparotomy
and perihepatic packing to control hemorrhage [20].
Liver abscess may be cryptogenic in 25–50% of cases
[21], but further investigation of the biliary tree may re-
veal a biliary source in more than half of these patients
[22].

The most common presenting symptoms in patients
with pyogenic hepatic abscess are fever and chills, ab-
dominal pain, and weight loss. A history of non-specif-
ic abdominal complaints and constitutional symptoms
is common, and presentation can range from the ap-
pearance of a chronic disease state to overt septic
shock. The laboratory workup demonstrates leukocy-
tosis in most patients, with liver enzymes being moder-
ately abnormal as well. Alanine aminotransferase
(ALT), aspartate aminotransferase (AST), and serum
bilirubin concentration may demonstrate only mild el-
evations except in patients with underlying liver dis-
ease, who may have more pronounced abnormalities.
Of the liver enzymes, alkaline phosphatase is most sen-
sitive, being elevated out of proportion to ALT and AST
in approximately two-thirds of patients [21].

Due to the protean manifestations of liver abscess
and the number of disease processes that may share a
similar presentation, radiographic imaging is crucial in
confirming the diagnosis. Ultrasound and CT are the
two most frequently employed modalities of investiga-
tion, both having greater than 95% sensitivity. One-
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Fig. 55.2. a CT findings of multiloculated pyogenic abscess of the right lobe of the liver. b Successful CT-guided drainage of multi-
loculated pyogenic abscess of the right lobe of the liver

half of patients will present with more than one abscess,
and approximately 75% of all liver abscesses will be
found in the right lobe of the liver [23]. Both CT
(Fig. 55.2A, B) and ultrasound can be used to perform
guided drainage, but ultrasonic drainage is advanta-
geous in that it can be used at the bedside of the critical-
ly ill patient. Magnetic resonance imaging is more cost-
ly and time-consuming than either US or CT, but may
be more sensitive in discriminating between pyogenic
liver abscesses and primary or secondary malignant
liver tumors.

Pyogenic liver abscesses are equally likely to be poly-
microbial as monomicrobial, and approximately
5–27% show no growth in culture. In many cases, fail-
ure to speciate bacteria in culture may reflect that the
patients have been treated with antibiotics prior to
specimen collection. The bacteriologic flora found in
liver abscesses seems to reflect the underlying source of
the infection, but overall the most common gram-neg-
ative aerobes found in pyogenic liver abscesses are E.
coli and Klebsiella spp., while the most common gram
positive aerobes found are Enterococcus spp., S. viri-
dans, and S. aureus. Among cultured anaerobes, Bacte-
roides species predominate [19].

Options for treatment range from antibiotics alone
to open surgical drainage. Historically, medical man-
agement of pyogenic liver abscess carries a mortality of
60–100% [24]. However, several recent case series
demonstrate success rates of up to 80% when multiple
(miliary) abscesses, too small or too numerous for per-
cutaneous drainage, are treated with antibiotics alone;
for carefully selected cases this may be a reasonable
starting approach [23]. Although antibiotics are a nec-
essary adjunct to the treatment of hepatic abscesses,
most authorities agree that this approach is not suffi-
cient except in the case of very small abscesses or in pa-
tients in whom intervention poses a prohibitive risk.
The preferred method of treatment is broad-spectrum
antibiotics in conjunction with drainage of all abscess-

es. For most of the twentieth century, open surgery was
the only method available for drainage; today most he-
patic abscesses can be treated successfully by image-
guided percutaneous techniques. Computed tomogra-
phy and ultrasound-guided drainage catheter place-
ment both carry a success rate of 70–93%. Image-guid-
ed needle aspiration may also be employed in the treat-
ment of small hepatic abscesses. Success rates between
the two techniques are equivalent, but 50% of all pa-
tients undergoing needle aspiration will require more
than one aspiration [25].

Surgical drainage is indicated in patients who fail
percutaneous management, require surgical manage-
ment of the underlying problem, or have abscesses that
are not amenable to minimally invasive techniques be-
cause of their location. Surgical options include simple
drainage and formal resection. Prior to the era of per-
cutaneous drainage the optimum surgical approach
was much debated; for anterior abscesses, a standard
right subcostal incision is used. Posterior abscesses
may be accessed through the bed of the 12th rib, where-
as abscesses in the dome of the liver may be drained
trans-diaphragmatically, albeit with an increased risk
of empyema. Liver resection should be considered in
those patients with extensive tissue loss or with intra-
hepatic stones, which may serve as a nidus for recur-
rent infection.

In the early 1900s the mortality associated with he-
patic abscess was reported to approach 80%; today,
most series quote a mortality rate of between 6% and
31% [18]. Factors associated with worse prognosis in-
clude an underlying diagnosis of malignant disease,
multiple abscesses, and a high presenting Acute Physi-
ology and Chronic Health Evaluation (APACHE) II
score [26].
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55.3
Amebic Liver Abscess

Amebic liver abscess is the most common extraintesti-
nal sequela of E. histolytica infection, but occurs in only
1% of afflicted patients. Uncommon in North America,
E. histolytica is endemic in parts of Central and South
America, sub-Saharan Africa, India, and Indonesia.
The typical patient is a male in the third to fourth de-
cade of life who resides in or has recently traveled to an
endemic area. Liver abscess may occur as early as
4 days after exposure but typically takes 2–4 weeks to
develop [27]. Risk factors for development of amebic
liver abscess include immunodeficiency states such as
human immunodeficiency virus infection, underlying
malignant disease, poor nutrition, corticosteroid use,
and after splenectomy [27].

As in patients with pyogenic liver abscess, those with
amebic liver abscess most commonly present with fever
and chills, abdominal pain, and weight loss. Jaundice
occurs less commonly than in pyogenic liver abscesses,
being found in only 10% of patients [28]. Whereas pa-
tients with amebic liver abscess may have a history of
dysenteric symptoms, most will not have concurrent
symptoms upon presentation.

The most common laboratory abnormality is leuko-
cytosis. Alkaline phosphatase is elevated in 80% of pa-
tients with chronic presentations, but may not be ele-
vated in the acute setting. Aspartate aminotransferase
(AST) is elevated in only 25% of patients, and hyperbi-
lirubinemia is rare. Suspicion of amebic liver abscess
should prompt measurement of amebic serology as
measured by the indirect hemagglutination test, which
is positive in 90–100% of cases. If the test is negative
and clinical suspicion remains high, serology should be
rechecked in 7–10 days [27]. This test may be less use-
ful in endemic areas, as serology may remain positive
for up to 20 years in the case of a previous infection.
Amebae will be detected by stool antigen in less than
one-half of those presenting with amebic liver abscess
[29].

Amebic abscess may be imaged with CT, US, or MRI,
all of which are very sensitive but poorly specific for
this entity. Computed tomography and MRI demon-
strate round, well-demarcated lesions that are located
in the right lobe in 75% of cases. Up to 50% of patients
will have an elevated right hemidiaphragm on chest ra-
diography [30].

In contradistinction to pyogenic liver abscesses, the
mainstay of treatment for amebic liver abscess is anti-
microbial therapy. The recommended treatment con-
sists of metronidazole 750 mg orally or intravenously
three times daily for 7–10 days, which carries a cure
rate of greater than 90%. All patients who are treated
for extraintestinal manifestations of amebiasis must al-
so be treated with a luminal decontaminant such as pa-

romomycin (30 mg/kg orally per day in three divided
doses, for 10 days) to eradicate intestinal E. histolytica
[29].

In the case where it is unclear whether a liver abscess
is pyogenic, amebic, or amebic with pyogenic superin-
fection, needle aspiration or catheter drainage may be
used to help make the diagnosis. Aspirate of amebic ab-
scess consists primarily of necrotic hepatocytes and
has a characteristic „anchovy paste“ appearance. Upon
microscopy the amebae will be seen less than 20% of
the time. Percutaneous drainage may also be indicated
when patients fail to respond to metronidazole within
96 h. Other relative indications for percutaneous drain-
age include a lesion size greater than 5 cm or for ab-
scesses in the left lobe of the liver, which are believed to
have a higher risk of rupture than abscesses in other
portions of the liver [30].

Complications of amebic liver abscess include rup-
ture of the abscess into the pleura, pericardium, or
peritoneum. These events happen rarely but may be
catastrophic when they occur. Uncomplicated amebic
liver abscess has an excellent prognosis, with a mortali-
ty of less than 1% for uncomplicated disease. Mortality
may be higher in complicated cases and has been
shown to be associated with hyperbilirubinemia, hypo-
albuminemia, large abscess cavity volume, and multi-
ple abscesses [31].

55.4
Echinoccoccal Liver Disease

Cystic hydatid disease must be considered in patients
presenting with cholangitis associated with cavitary le-
sions of the liver. This clinical entity is rare in devel-
oped countries but remains a problem in South and
Central America, the Middle East, some sub-Saharan
countries, and parts of Asia and the former Soviet
Union. Both Echinococcus granulosus and E. multilocu-
laris may cause cystic hydatid disease in humans, but E.
granulosus accounts for roughly 95% of cases.

The definitive hosts of the tapeworm E. granulosus
are dogs, wolves, and foxes. The adult form of the para-
site lives and lays eggs in the small intestine of its host;
these eggs contain embryos (known as oncospheres)
that are then shed in the stool, only to be ingested by the
sheep or other species (e.g., human beings), which
serve as intermediate hosts. Once in the gastrointesti-
nal tract of the intermediate host, the eggs hatch, re-
leasing the oncospheres. These embryos penetrate the
intestinal mucosa of the host and migrate to distant or-
gans via the bloodstream or lymphatics. Once in the
viscera, the oncospheres develop into multilayered cys-
tic cavities that eventually give rise to the adult forms of
the parasite. These cysts may occur anywhere through-
out the body, but the vast majority occur in the liver
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(68%), lung (17%), kidney (3.7%) and spleen (2.8%)
[32, 33].

Most human beings infected with E. granulosus are
asymptomatic. In the initial phase of the disease, the
hydatid cyst is dormant and does not cause major pa-
thology. The cyst may remain in this asymptomatic
state for the life of the host, or complications of infec-
tion may occur as growth occurs. The presenting signs
and symptoms of hydatid cyst disease will vary based
on the underlying behavior of the cyst; if the cyst ex-
pands and exerts a mass effect on adjacent structures,
patients may present with jaundice, hepatomegaly, or
ascites from portal vein compression. The cyst may al-
so rupture into the biliary tree, resulting in the clinical
picture of obstructive jaundice, cholangitis, or liver ab-
scess as detritus from the cyst obstructs the biliary tree.

Liver enzymes in patients with hydatid disease of the
liver may be normal or demonstrate elevations in AST,
ALT, and serum bilirubin concentration. When rupture
occurs, these elevations may be marked and associated
with eosinophilia and hyperamylasemia [32]. Serologic
diagnosis of E. granulosus infection can be made using
enzyme-linked immunosorbent assay (ELISA) with a
sensitivity of 84–94% [14, 34]; similar tests for E. mul-
tilocularis are slightly more specific (95–100%) [2].

Computed tomography, US, and MRI may all be
used to image the liver in echinococcal disease. The
sensitivity of CT for detecting hydatid cyst disease in
the liver ranges between 61% and 96% [35, 36], where-
as the sensitivity of ultrasound is 90–95%. The major
advantage of CT over US is in imaging the number and
size of hepatic cysts, as well as the presence of extrahe-
patic disease [37, 38]. In addition, CT may be more use-
ful than US in imaging suspected rupture of echinococ-
cal cysts. Magnetic resonance imaging is more time-
consuming and costly than CT, but may be more sensi-
tive in demonstrating communication between a cyst
and the biliary tree.

When the diagnosis is uncertain despite thorough
radiologic and serologic investigation, ERCP is the next
test of choice. Endoscopic retrograde cholangiopancre-
atography may reveal communication between cysts
and the biliary tree or intraductal filling defects. In pa-
tients with obstructive symptoms or cholangitis, a
sphincterotomy may be performed and the common
bile duct swept clean of debris as a temporizing mea-
sure prior to definitive treatment.

Medical therapy for echinococcal cyst disease con-
sists oral benzimidazoles, with albendazole being the
agent of choice because of its superior gastrointestinal
absorption. Whereas antihelminthic therapy plays an
important adjunctive role in the treatment of hydatid
cyst disease, medical therapy alone is ineffective in
70% of cases [39]. Definitive treatment typically con-
sists of drainage of the cyst cavity and sterilization of its
contents with a scolicidal agent. Options for cyst evacu-

ation and sterilization include open surgical technique,
laparoscopic surgery, and percutaneous intervention.
All techniques are similar in that the cyst is first cannu-
lated and aspirated, at which point a scolicidal agent
(most often hypertonic saline or ethanol) is instilled for
a set period of time. Scolicidal agents should be used
with great care in cases where the cyst has been demon-
strated to communicate with the biliary tree because the
bile ducts will also be exposed. For this reason, formalin
should never be used for this purpose as it has been as-
sociated with the development of bile duct sclerosis
[40]. Open surgery allows for more controlled evacua-
tion of cyst contents than do either laparoscopic or per-
cutaneous approaches; morbidity is increased and hos-
pitalization is prolonged stay but cysts can be drained
that are located in regions of the liver which are not
amenable to laparoscopic or percutaneous approaches.
Techniques described range from simple drainage, to
resection of the cyst without violation of the cyst wall
(pericystectomy), to formal hepatic resection.

55.5
Calculous Cholecystitis

Calculous cholecystitis occurs when gallstones migrate
from the gallbladder into the cystic duct, causing out-
flow obstruction. This obstruction causes inflammation
and edema of the gallbladder wall, which is initially
sterile but may be followed by bacterial superinfection;
bile cultures at the time of cholecystectomy for acute
cholecystitis are positive in only 15–30% of cases [41].
Acute calculous cholecystitis presents with fever, right
upper quadrant pain, nausea, and vomiting. Physical
examination may range from arrest of inspiration due
to tenderness on palpation in the right upper quadrant
(Murphy sign) to guarding with rebound tenderness in
advanced cases marked by peritonitis. Concomitant
jaundice may occur and suggests the presence of chole-
docholithiasis. Leukocytosis is common, whereas liver
enzymes are typically elevated in uncomplicated cases
of acute cholecystitis. Ultrasound is a highly sensitive
and specific test (95% and 97%, respectively) for acute
cholecystitis and is the initial test of choice. Diagnostic
findings include the presence of stones in the gallblad-
der, thickening of the gallbladder wall (>3.5 mm), peri-
cholecystic fluid, and tenderness with application of the
US probe (sonographic Murphy sign) [42].

Computed tomography is less sensitive in the diag-
nosis of acute calculous cholecystitis than US, but may
also demonstrate thickening of the gallbladder wall, pe-
richolecystic fluid, and gallstones. It is important to
note that the majority of gallbladder calculi are not ra-
diopaque and thus may not be visualized on CT. Nucle-
ar scintigraphy may also be used to demonstrate non-
filling of the gallbladder, suggesting obstruction of the
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cystic duct; this study is less useful in patients with se-
rum bilirubin >3 mg/dl, as this test is based upon he-
patic excretion of the scintigraphic agent. When biliary
cultures are positive in cases of acute calculous chole-
cystitis, typical pathogens include Enterococcus spp.,
Klebsiella spp., and Enterobacteriaceae [19].

Most cases of acute calculous cholecystitis resolve
with bowel rest, fluid resuscitation, and intravenous
antibiotics, and are ultimately treated by surgical re-
moval of the gallbladder. If the patient initially re-
sponds to medical therapy, cholecystectomy can either
be performed 24–48 h after admission or 6 weeks later
as an elective procedure. Approximately 80% of pa-
tients will respond initially to medical therapy; the re-
mainder progress rapidly to gangrene and perforation
of the gallbladder with subsequent development of sub-
hepatic abscess or peritonitis. These patients clearly
warrant admission to the intensive care unit for resus-
citation prior to definitive treatment. Gangrene of the
gallbladder is associated with a 30% mortality rate and
unfortunately tends to occur in older, sicker patients
[43]. Emphysematous cholecystitis is a severe manifes-
tation of acute cholecystitis that occurs with a predilec-
tion for elderly and diabetic patients. It is defined by
the presence of gas in the gallbladder wall as visualized
on US or CT and is characterized polymicrobial infec-
tion including Clostridium spp., E. coli, Klebsiella spp.,
and Streptococcus spp. Roughly one-half of all cases of
emphysematous cholecystitis are acalculous; the re-
ported mortality ranges from 15% to 25% [44, 45].

Gallstone pancreatitis may coexist in up to 5% of pa-
tients presenting with acute calculous cholecystitis;
whereas most common duct stones will pass spontane-
ously; ERCP to clear the common bile duct and ampulla
is mandatory in the presence of persistent obstruction.
Cholecystectomy should be performed on the same
hospital admission after resolution of pancreatitis.
Rarely, gallstones may fistulize to the bowel and present
as obstruction (gallstone ileus). Treatment is by surgi-
cal exploration, enterotomy, and removal of the offend-
ing stone; whether or not cholecystectomy and fistula
excision should be performed at the same operation is
a matter of some debate in surgical circles and depends
upon the clinical status of the patient and the findings
at laparotomy.

55.6
Acalculous Cholecystitis

The diagnosis of acalculous cholecystitis must always
be entertained in the patient with sepsis for whom no
clear source of infection can be determined. Defined as
cholecystitis in the absence of cholelithiasis, cases of
acalculous cholecystitis have been reported in age
groups ranging from pediatric to geriatric but most of-

ten occur in the setting of severe illness or injury. It may
also occur in the postoperative setting, particularly in
men after emergency surgery complicated by large-vol-
ume blood loss. One review of 31,710 cases of cardiac
surgery found a 0.05% incidence of acalculous chole-
cystitis [46]; in open abdominal aortic aneurysm re-
pair, the incidence has been reported to be between
0.7% and 0.9% [47, 48]. Acalculous cholecystitis has al-
so been described in the adult outpatient population,
particularly in elderly men with atherosclerotic disease
[49, 50].

The etiology of acalculous cholecystitis has yet to be
elucidated fully, but it is most likely to be a manifesta-
tion of splanchnic ischemia-reperfusion injury. Alter-
natively, biliary stasis associated with critical illness
may lead to distention of the gallbladder, which in com-
bination with hypoperfusion may cause ischemia and
ultimately necrosis. Factors such as mechanical ventila-
tion, total parenteral nutrition use, cytokine activation,
and endotoxemia have also been implicated [51].

Acute acalculous cholecystitis is more likely to be
complicated than calculous disease; necrosis of the
gallbladder is found in over 50% of cases, whereas per-
foration occurs in 20% of cases. A grave condition in
patients who are often already critically ill, the mortali-
ty for acute acalculous cholecystitis approaches 30%
[52].

The diagnosis of acalculous cholecystitis can be dif-
ficult to make. Patients who are able to communicate
may report abdominal pain localizing to the right up-
per quadrant or diffuse pain in the case of peritonitis.
Fever is usually present. Physical examination may re-
veal signs ranging from localized tenderness in the
right upper quadrant to frank peritonitis. A right upper
quadrant mass consisting of the gallbladder or a phleg-
mon may be palpable. All too often, however, the al-

Fig. 55.3. Hemorrhagic acalculous cholecystitis imaged by CT
scan. Clot (solid matter) and unclotted blood (fluid density
within the bile) is visible within the lumen of a markedly dis-
tended gallbladder
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tered mental status that accompanies critical illness
may obscure any useful information that might be ob-
tained from the history and physical examination. Lab-
oratory values are non-specific but usually include leu-
kocytosis and elevated liver enzymes, particularly of
bilirubin, transaminases, and alkaline phosphatase.
Hyperbilirubinemia, perhaps representative of the cho-
lestasis of sepsis, is typical and occurs more often than
in calculous cholecystitis.

Ultrasound is perhaps the ideal radiologic study to
investigate the diagnosis of acalculous cholecystitis
[53]. Ultrasound may reveal hydrops of the gallbladder,
pericholecystic fluid, or gallbladder wall thickening.
When a cut-off of 3.5 mm is used for wall thickness, US
has a sensitivity of 98.5% and a specificity of 80% [54].
Ultrasound is also convenient in that it can be done at
the bedside of patients too ill to be transported to the
radiology suite and followed immediately by percuta-
neous drainage. Computed tomography is equally ac-
curate in the diagnosis of acalculous cholecystitis [55]
(Fig. 55.3), but requires that the patient be stable
enough to be transported. The primary advantage of
CT scan over US is the ability to evaluate other poten-
tial sources of intra-abdominal infection. Whereas a ra-
dionucleotide biliary scan is an excellent diagnostic
modality for patients with community-onset acute
cholecystitis, interpretation in critically ill patients can
be confounded by false-positive scans due to fasting,
liver disease, or parenteral nutrition, which are suffi-
ciently common to diminish the utility of radionucleo-
tide imaging in this population.

Upon making the diagnosis of acalculous cholecys-
titis, a decision about the method of source control
must be made and empiric antibiotic therapy must be
started. Even though up to one-half of cases of acute
acalculous cholecystitis are associated with culture-
negative bile (at least initially, considering that ische-
mia-reperfusion is paramount and superinfection is a
secondary phenomenon), empiric antibiotics are need-
ed because distinguishing sterile from infected cases
can be clinically impossible owing to the massive in-
flammatory response. The organisms most frequently
cultured from the bile in acalculous cholecystitis are E.
coli, Klebsiella spp., and E. faecalis [51]. In the setting of
critical illness, consideration for patterns of antimicro-
bial resistance amongst local bacterial flora must be
considered when instituting empiric intravenous anti-
biotic therapy.

The treatment of cholecystitis, whether calculous or
acalculous, has traditionally been by cholecystectomy.
However, patients with acalculous cholecystitis are of-
ten critically ill at the time of diagnosis and may be
poor surgical candidates. In the past decade, other
methods of source control have been investigated. Per-
cutaneous cholecystostomy tube placement is a mini-
mally invasive alternative to surgical removal of the

gallbladder that is increasingly favored over cholecys-
tectomy [56, 57]. It can be performed with <10% mor-
bidity and has a mortality rate of 20–36% [58], similar
to that seen in open surgery and reflective of the serious
nature of this complication for the critically ill patient.
In this technique, the gallbladder is punctured through
an anterior transhepatic approach under US guidance
and a drainage catheter is placed using the Seldinger
technique. A tube study may be performed at the time
of catheter placement to confirm that the gallbladder
communicates with the biliary tree (i.e., the cystic duct
is patent). If it does not and concomitant cholangitis is
suspected, further drainage of the biliary tree must be
performed with ERCP or PTC. Complications of percu-
taneous cholecystostomy include hemorrhage, biliary
peritonitis, and tube dislodgement. Hypotension may
occur at the time of tube placement and is presumed to
be caused by procedure-related bacteremia. Patients
with uncomplicated acalculous cholecystitis should
improve rapidly after gallbladder decompression; fail-
ure to improve should raise suspicions of an incorrect
diagnosis or inadequate source control. Under such
conditions, open exploration is mandated.

Upon resolution of acalculous cholecystitis, patients
treated with percutaneous cholecystostomy may safely
have their tubes removed once a normal tube study has
been completed (e.g., the cystic duct is demonstrated to
be patent). Percutaneous cholecystostomy is definitive
treatment in this group.

55.7
Postoperative Biliary Tract Infections

Perihepatic infections may occur as a result of com-
monly performed hepatobiliary surgical procedures.
Postoperative bile leaks may occur after any operation

Fig. 55.4. A CT of the abdomen demonstrating a biloma after
right hepatectomy for hepatocellular carcinoma. An abscess
within the larger biloma (surrounded by the contrast-en-
hanced rim of tissue) is evident
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in which a portion of the biliary tree is transected [such
as hepatectomy (Fig. 55.4), hepatico-enterostomy, or-
thotopic liver transplantation, or cholecystectomy].
This fluid may then become infected secondarily by mi-
crobial flora introduced at the time of operation, bacte-
ria present in the biliary tree from preoperative instru-
mentation, or by translocation from the gut, leading to
an infected intrahepatic or perihepatic collection
known as a biloma.

Laparoscopic cholecystectomy is one of the most
frequently performed operations in the world and is
generally safe and well tolerated. Bile leaks, however,
occur in up to 1% of patients undergoing laparoscopic
cholecystectomy. Removal of the gallbladder may lead
to bile leakage from the transected cystic duct, the he-
patic bed of the gallbladder, or from incidental injury
to other portions of the biliary tree during dissection.
Patients with postoperative bile collections may pre-
sent with right upper quadrant pain, fever, nausea, vo-
miting or jaundice, but the presence of bile in the abdo-
men even when no infection is present may cause a
sterile peritonitis. Discrimination between sterile bile
peritonitis and infection may be difficult without cul-
ture of the collection. Postoperative fluid collections
may be imaged with a variety of studies including US,
CT, and MRI. Diagnosis of bile leakage can be made ei-
ther by image-guided aspiration of the collection or nu-
clear scintigraphy. Whereas nuclear scintigraphy is an
excellent study for making the diagnosis of bile leak, it
is not useful in determining the origin of the leak. For
this reason ERCP is used to determine the anatomy of
the biliary leak, with some leaks being amenable to
concomitant endoscopic therapy.

Treatment of postoperative bile leakage hinges first
upon drainage and then definitive treatment targeted
at addressing the underlying problem. If the leak origi-
nates from the bed of the gallbladder, percutaneous
drainage alone is indicated. Extravasation of bile from
the cystic duct is best managed endoscopically by stent
placement with or without sphincterotomy to allow bile
to drain preferentially through the ampulla rather than
via the cystic duct [59]. Major duct injuries discovered
at ERCP generally require surgical management.

Although the mortality of liver resection has de-
creased in the last several decades, morbidity rates still
approach 50% in some large series. Perihepatic and in-
tra-abdominal abscess complicates 8–30% of major
liver resections and is associated with preoperative bili-
ary stenting, hepaticoenterostomy, increased operative
time, greater extent of resection, and the need for blood
transfusion [20, 60]. Preoperative hyperbilirubinemia
as a result of biliary obstruction occurs frequently in
patients with biliary tract malignancies (e.g., cholangi-
ocarcinoma, hepatocellular carcinoma) and current lit-
erature suggests that such patients are at increased risk
for complications of surgical resection [61]. For this

reason, preoperative biliary stenting has been investi-
gated as a means to reduce postoperative morbidity.
Recent data demonstrate clearly that preoperative stent
placement to alleviate biliary obstruction leads to in-
creased rates of bactibilia and postoperative infectious
complications [62, 63].

Resection of hepatic parenchyma leaves dead space
in the abdomen that collects bile and blood and is in
proximity to ischemic tissue at the resection line. Bac-
terial superinfection may occur, leading to the forma-
tion of a perihepatic or intrahepatic abscess. Infected
bilomas are heralded by fever, right upper quadrant
pain, leukocytosis, and elevated liver enzymes. Imag-
ing modalities for post-hepatectomy abscesses include
CT (Fig. 55.4), US and MRI as discussed in the prior
section on pyogenic hepatic abscess. Cultures reveal
that 50–75% of postoperative perihepatic abscesses
are polymicrobial, with bacteria of enteric origin (e.g.,
E. coli, Enterococcus spp.) predominating [3]. Image-
guided percutaneous drainage is the treatment of
choice where feasible, with re-operation reserved for
those patients in whom percutaneous drainage is not
possible or unsuccessful.

Liver transplantation is the only long-term treat-
ment modality available for patients with end-stage liv-
er disease. Despite recent advances in surgical tech-
nique and perioperative management, transplantation
is plagued by complication rates ranging from 24% to
64%. The incidence of biliary leak after orthotopic liver
transplantation is between 10% and 40%, with these
leaks most commonly arising from hepatic resection
lines, T-tube sites and biliary anastomoses [64]. Pa-
tients may have symptoms and laboratory values as de-
scribed above and may present up to 6 months after
transplantation. Computed tomography is used to im-
age the collection, which may be intrahepatic in up to
two-thirds of cases. Endoscopic retrograde cholangio-
pancreaticography, PTC, or cholangiogram through a
pre-existing T-tube may be used to delineate the origin
of the leak. Most collections may be drained percutane-
ously, and in the event of direct communication with
the biliary tree ERCP can be used to re-establish prefer-
ential enteric drainage. Because the blood supply to the
biliary tree is derived from the hepatic artery, anasto-
motic leaks in the transplant setting may occur as a re-
sult of ischemia from hepatic artery thrombosis. For
this reason assessment of the patency of the graft he-
patic artery must be determined. Whereas some cases
of biloma associated with hepatic artery thrombosis
may respond to more conservative measures, up to
two-thirds will require re-transplantation [65].

Cholangitis may also occur in the postoperative set-
ting, particularly when an anastomosis has been creat-
ed directly between the biliary tree and intestine. Such
a construction allows for reflux of enteric bacteria into
the biliary tree and may be exacerbated by stenosis at
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the anastomotic site. Because of surgically altered anat-
omy, the anastomotic site may not be amenable to
ERCP, in which case PTC may be performed. Recurrent
cholangitis that fails less invasive intervention may ul-
timately require surgical revision or retransplantation
[65].

55.8
Cholestasis of Sepsis

Sepsis has been described as a cause of jaundice in the
critically ill patient for well over 150 years, but only in
the past several decades have strides have been made in
revealing the underlying pathogenesis. Endotoxemia as
a result of systemic infection leads to intrahepatic cho-
lestasis, resulting in clinical jaundice [66]. Investiga-
tion on the molecular level has elucidated the relevant
mechanisms. Animal models demonstrate that endoto-
emia has a plethora of effects on both hepatocytes and
bile duct epithelial cells. Portal vein perfusion with en-
dotoxin leads to a significant decrease in basal bile flow
and bile acid secretion [67]. This reduction in flow can
be ameliorated by pre-treatment with dexamethasone,
which blocks endotoxin-mediated release of cytokines
such as tumor necrosis factor (TNF)- [ and interleukin
(IL)-1 [68]. Endotoxin-mediated reduction in bile flow
is prevented by administration of anti-TNF antibodies
[69]. Current evidence suggests that endotoxin and cy-
tokines act on hepatocytes at the cellular level by caus-
ing down-regulation and redistribution of cell mem-
brane transport proteins responsible for bile-acid de-
pendent bile flow at the canicular membrane. Consis-
tent with this mechanism is the finding of direct hyper-
bilirubinemia in the cholestasis of sepsis in the pres-
ence of otherwise normal or only mildly deranged liver
function tests [62]. Elevated bilirubin reflecting endo-
toxemia may precede other clinical signs of infection
and may be more pronounced in patients with pre-ex-
isting liver disease [63]. In the septic patient with hy-
perbilirubinemia, imaging studies are indicated to in-
vestigate the possibility of primary pathology of the liv-
er or biliary tree. Once this has been ruled out thera-
peutic efforts are directed at identifying and eradicat-
ing the underlying source of infection.
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cryptococcal
– infection 73
– meningitis 32, 43, 60
cryptococcosis 43
Cryptococcus 32, 423

Cryptococcus neoformans 38, 56,
108

– meningitis 60
cryptosporidiosis 56
CSF, see cerebrospinal fluid, colony-

stimulating factor
CURB rule 436
CURB-65 severity score 395, 396
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CVP, see central venous pressure
cycling of antibiotics 161
cyclodextrin 104
cyclosporine 37, 107
cystic fibrosis 40, 431
cystitis 570
cytochrome P450 101, 104, 107, 170
cytokine 23, 45, 66, 254, 347
cytolysin 535
cytomegalovirus (CMV) 35, 37, 44,

57, 390, 414, 423, 430
– antigenemia 7
– ganciclovir-resistant 55
– serological status 45
– sulphonamide-resistant 55
cytosine
– deaminase 100
– permease 100
cytotoxin 193, 479

dalfopristin 135
daptomycin 134
data collection 202
deep venous thrombosis 5
de-escalation practice 79
delayed septic shock 414
dematiaceous fungi 43
descending thoracic aorta 19
DFA, see direct fluorescent antibody
diabetes mellitus 408
diabetic ketoacidosis 374
dialysis 102, 313
– dose 147
diarrhea 7, 9
– antibiotic-induced 191
– nosocomial 192
dicloxacillin 149, 155
diffuse peritonitis 494, 496
digestive tract 24
diphteria toxoid 360
diplococcus 341
direct fluorescent antibody (DFA) 406
disseminated vascular coagulation

(DIC) 186, 254, 298, 347
distributive shock 11
dobutamine 82
Dressler’s syndrome 4
droplet precaution 207, 289
drotrecogin alpha activated 82, 415,

483
drug
– abuse 524
– fever 6, 9
drug-resistant Streptococcus pneumoniae

400
Duke Criteria 273
dysphagia 544, 547

early goal-directed therapy (EGDT)
18, 20, 80

EBV, see Epstein-Barr virus
ecchymosis 350
echinocandin 69, 98, 100, 115
– antifungal 107
echinococcal liver disease 599
Echinococcus granulosus 599

Echinococcus multilocugranulosus
599

echocardiography 19
ECMO, see extra-corporal membrane

oxygenation
ecthyma gangrenosum-like lesion 72
EDD, see extended daily dialysis
edema 528
efavirenz 62
EGDT, see early goal-directed therapy
electronic surveillance of pharmacy

517
embolization 278
emphysematous pyelonephritis

(EPN) 575
empyema 439, 543, 547
encephalitis 38, 57
encephalocele 582
endocardial
– injury 271
– thrombosis 271
– trauma 271
endocarditis 271
endocardium 271
endometritis 489
endophthalmitis 113, 115, 470
endoscopic retrograde cholangiopan-

creatography (ERCP) 500, 596
endotoxemia 254, 375, 604
endotoxin 122, 184, 347, 375, 556
endotracheal tube biofilm 468
end-stage renal disease (ESRD) 313,

315
ENHANCE trial 380
Enterobacter cloacae 214

Enterobacter spp. 29
– catheter-related bloodstream infec-

tion (CRBSI) 203
Enterobacteriaceae 29, 44, 87, 95, 451
enterococci 95
– catheter-related bloodstream infec-

tion (CRBSI) 203
Enterococcus 7, 44
– hemodialysis catheter-related infec-

tion 315
– intra-abdominal infections 505
Enterococcus faecium 31, 214
– surgical site infection 510
enteropathy 194
eosinophilia 600
epinephrine 9
episiotomy 492
Epstein-Barr virus (EBV) 37, 46
ERCP, see endoscopic retrograde cho-

langiopancreatography
ergosterol 100
ertapenem 174
erysipela 525
erythema 528
erythrocyte 252
– sedimentation rate (ESR) 246
erythromycin 406
– in pregnancy 176
erythropoiesis 481
erythropoietin 105
ESBL, see extended-spectrum beta-lac-

tamases
Eschericha cloacae 29

Escherichia coli 29, 186, 344
– antibiotic resistance 214

– bloodstream infection 299
– catheter-related bloodstream infec-

tion (CRBSI) 203
– fever 7
– intra-abdominal infections 504
– meningococcal disease 362
– pancreatic infection 558
– sepsis 374
– urinary tract infection (UTI) 568,

570
Escherichia faecium 44
– vancomycin-resistant 44
esophageal Doppler 19
ESR, see erythrocyte sedimentation

rate
ESRD, see end-stage renal disease
estrogen concentration 170
ethanol 336
EVD, see external ventricular drain
excess hydrogen ions 18
exit site infection 204, 313, 314
exotoxin 265
– A 221
extended
– daily dialysis (EDD) 151
– spectrum beta-lactamase (ESBL)

35, 93, 126, 214, 220, 510
– – bloodstream infection 295
external ventricular drain (EVD) 590
extrachromosomal DNA 213
extra-corporal membrane oxygenation

(ECMO) 408, 416

fabric-covered stent graft infection
536

falciparum malaria 252, 253
– in pregnancy 259
fat embolism 5
febrile patient 3
fetal bradycardia 175
fever 3, 67
– non-infectious causes 4
fibrobronchoscopy 39
fine needle biopsy (FNAB) 39
fistula 502, 537, 547
Flagella 466
Flotrac sensor 18
floxuridine 100
fluconazole 42, 68, 98, 101, 102, 111,

112, 424
flucytosine 43, 100, 101
Fluid and Catheters Treatment Trial

(FACTT) 17
flu-like syndrome 387
5-fluorocytosine 100
fluoroquinolone 86, 87, 125, 132, 138,

159, 169
– community-acquired pneumonia

(CAP) 399, 400
– intra-abdominal infections 506
– legionnaires’ disease (LD) 407
– pregnancy 169, 178
FNAB, see fine needle biopsy
Foley catheter 14, 207
foscarnet 391
fosfomycin in pregnancy 175
Frank Starling mechanism 13, 14
fungal infection 8, 9, 40, 65, 97, 100
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fungemia/fungaemia 32, 68, 113, 243,
296, 306

fungi 7, 32, 378
– mucoral 38
funguria 67, 68, 72, 111, 572
fusariosis 105
Fusarium spp. 108, 113, 422

Fusobacterium spp.
– mediastinitis 544

G- CSF, see granulocyte colony-stimu-
lating factor

galactomannan antigen 41
gallbladder 600, 603
gallstone pancreatitis 601
gametocyte 252
ganciclovir 45, 391
ganciclovir-resistant cytomegalovirus

55
gas gangrene 524, 527
gastric
– erosion 259
– inflation 25
– tonometry 18
Gastrografin 547
gatifloxacin 133
genotyping 219
gentamicin 94, 152, 318, 336, 469
– end-stage renal disease (ESRD) 319
– pregnancy 176
– ventilator-associated pneumonia

(VAP) 460
Gerota’s fascia 575
GFR, see glomerular filtration rate
global
– perfusion 17
– tissue hypoxia 17
glomerular filtration rate (GFR) 147,

149
glomerulonephritis 274
glucocorticoid 184
– meningococcal disease 356
glucose-6-phosphate dehydrogenase 177
glycopeptide 130, 147, 149, 150, 152,

226, 451
– septic shock 377
glycoprotein 285
– polysialated 361
glycylcycline 179
GM-CSF, see granulocyte-macrophage

colony-stimulating factor
graft biofilm infection 539
Gram-negative bacteria 39, 168, 213,

394
granulocyte colony-stimulating factor

(G-CSF) 186
granulocyte-macrophage colony-stim-

ulating factor (GM-CSF) 186
granulocytopenia 101
gray baby syndrome 178
griseofulvin 100
group A streptococcal (GAS) infec-

tion 263
Guillain-Barré syndrome 55, 287
gynecological infection 176

HAART, see highly active antiretroviral
therapy

HACEK organism 277
haematometra 490
Haemophilus influenza 287, 351, 360,

428
– community-acquired pneumonia

(CAP) 396
– ventilator-associated pneumonia

(VAP) 460
haemorrhagic bronchopneumonia 67
HAI, see healthcare-associated

infection
hand hygiene 228
handrubbing 229
Hantavirus pulmonary syndrome

(HPS) 416
HBV, see hepatitis B virus
healthcare-associated
– infection (HAI) 199
– pneumonia 205, 458
– urinary tract infection 206
heart
– failure 272, 273
– transplantation 38
heatstroke 6
Helicobacter pylori 23
hemagglutinin 285, 387
hematopoietic stem-cell transplanta-

tion (HSCT) 113
hemodialysis 151, 257
– catheter-related infections 314
hemoglobin 17
hemoglobinuria 528
hemoparesis 245
hemoptysis 42
hemorrhagic diathesis 357
hemothorax 547
Henderson-Hasselbach equation 18
heparin 97, 335
– meningococcal disease 356
hepatic
– abscess 597
– artery thrombosis 603
– dysfunction 481
hepatitis 495
– B virus (HBV) 23, 37
– – coinfection 62
– C virus 22, 40
hepatotoxicity 106, 109
– in pregnant women 176
hepatotropic virus 37
herpes simplex virus (HSV) 46, 57,

390
Herpesviridae 32
herpesvirus 37
HHV, see human herpesvirus
Hickman catheter 318
high creatinine clearance 122
highly active antiretroviral therapy

(HAART) 51, 52, 54, 61, 427
high-risk nursery (HRN) 202
Histoplasma capsulatum 57, 550
HIV, see human immunodeficiency

virus
HMG-CoA reductase inhibitor 185
home parenteral nutrition (HPN) 307
hospital infection control program 199
hospital-acquired pneumonia (HAP)

205, 404, 449

HPN, see home parenteral nutrition
HPS, see Hantavirus pulmonary

syndrome
HSCT, see hematopoietic stem-cell

transplantation
human herpesvirus (HHV) 423
– 6 46
– 7 46
– 8 37, 46
human immunodeficiency virus

(HIV) 22, 51, 73, 253, 413, 427
hyalohyphomycetes 32
hyalophomycosis 105
hydatid cyst 600
hydrocortisone 83, 399, 413
hydrotherapy 219
hyperamylasemia 600
hyperbilirubinemia 177, 407
hypercalcemia 555
hypercarbia 481
hypercholesterolemia 59
hyperglycemia 304, 379, 511
hyperparasitemia 257, 258
hyperpyrexia 255
hypersensitivity 59
hyperthermia 6, 24, 258
hypertriglyceridemia 59, 555
hypoadrenalism 374
hypoalbuminaemia 155, 191, 500
hypocalcemia 318
hypochlorite solution 237
hypoesthesia 317
hypoglycemia 256, 258, 259, 336
hypokalemia 103, 112
hypoperfusion 20, 372
hypotension 122, 398
hypothalamus 3
hypothermia 9, 24
hypovolemia 12, 15, 255, 556
hypovolemic
– hypotension 19
– shock 11
hypoxemia 399
hypoxia 17, 73, 254, 349, 481
hysterectomy 525

iatrogenic immunosuppression 183
ibuprofen 414
IE, see infective endocarditis
imidazole 101
– intra-abdominal infections 506
imipenem 129, 153
– brain abscess 249
– in pregnancy 174
– pancreatic infection 558
imipenem-resistant Pseudomonas

aeruginosa 161
immune reconstitution inflammatory

syndrome (IRIS) 59
immunomodulatory agent 183
immunosuppression 37, 41, 55, 85
– iatrogenic 183
indomethacin 414
infected pancreatic necrosis 499, 556
infection
– after solid organ transplantation 35
– control personnel (ICP) 517
– control program 200
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– fungal 97, 100
– infusate-related 304
– menigococcal 172
– nosocomial 35, 85, 93
– obstetric 488
– of autologous graft 535
– pneumococcal 172
– pseudocyst 563
infective endocarditis (IE) 271, 316
– enterococci 276
– nosocomial 272
– prophylaxis 280
– right-sided 279
– streptococci 275
– transesophageal echocardiography

(TEE) 274
– transthoracic echocardiography

(TTE) 274
– viridans streptococci 279
influenza infection 284, 387, 443
– antiviral prophylaxis 289
– epidemic 286
– infection control 289
– pseudo-pandemic 285
– vaccination 288, 388
infusate-related infection 304
inoculum effect 126, 267
inpatient surveillance 516
insulin 379
integron 213
Intensive Care Antimicrobial Resistance

Epidemiology (ICARE) Project 203
interferon gamma 415
interleukin
– 1 184
– 6 457
– – receptor antagonist (IL1-RN) 184
intestinal
– fistula 502
– injury 24
– ischemia 13, 501
intra-abdominal infection 494
intracardiac abscess 277, 278
intravascular pressure 14
intravenous
– drug user 52
– immunoglobulin (IVIG) 267
invasive
– mycosis 115
– pulmonary aspergillosis (IPA) 422
iodine 512
iodophor 512
ion trapping 171
IPA, see invasive pulmonary aspergillo-

sis
IRIS, see immune reconstitution in-

flammatory syndrome
iron overload 315
ischemia 24, 329
– intestinal 13
– myocardial 13
ischemia-reperfusion injury 479
isolation guideline 207
isopropyl alcohol (IPA) 204
Isospora belli 57
itraconazole 42, 69, 98, 101, 102, 109,

424
IVIG, see intravenous immunoglobulin

Kaposi’s sarcoma 37, 46, 427
Kawasaki disease 266, 267
ketokonazole 98
kidney transplantation 38, 39
kill characteristics 124
Klebsiella pneumoniae 25, 35, 95
– antibiotic resistance 214
– catheter-related bloodstream

infection (CRBSI) 203
– community-acquired pneumonia

(CAP) 396
– surgical site infection 510
Klebsiella spp. 29, 30, 44
– cephalosporin-resistant 161
– pancreatic infection 558
Kupffer cells 495

lactic
– acidosis 53, 58
– hypersensitivity 53
lactoferrin 570
l-AmB 70
lamina terminalis 4
laminectomy 589
latex agglutination test 193
left ventricular failure (LVF) 6
left ventricular outflow tract (LVOT)

19
Legionella 86
– community-acquired pneumonia

(CAP) 396, 398, 400, 440
Legionella maceachernii 405
Legionella micdadei 405
Legionella pneumophila 396, 405, 415
Legionella urinary antigen (LUA)

404, 406
Legionella waltersii 404
legionellosis 44, 404, 408
legionnaires’ disease (LD) 404, 407
leishmaniasis 57
length of stay (LOS) 199
leptomeninigitis 586
leukapheresis 356
leukocytosis 68, 246, 317, 549, 561,

595, 599
leukopenia 45
levofloxacin 132, 133
– in pregnancy 179
limulus amebocyte lysate (LAL)

assay 375
lincomycin 136
lincosamide
– antibiotics 136
– in pregnancy 177
line lock 97
linezolid 136
– brain abscess 248
– in pregnancy 178
– septic shock 377
– ventilator-associated pneumonia

(VAP) 460
liposomal amphotericin 424
liquefied abscess 497
Listeria monocytogenes 38
liver
– abscess 597, 599
– function test 258
– transaminase level 500

– transplantation 36, 38, 603
logistic organ dysfunction system

(LODS) 482
LOS, see length of stay
lower respiratory tract infection 25
LUA, see Legionella urinary antigen
Ludwig’s angina 543, 544
lung
– infection 39
– transplantation 36, 39
– ventilation 415
lupus-like syndrome 97
LVF, see left ventricular failure
LVOT, see left ventricular outflow tract
lymphedema 523
lymphocyte 66
lymphopenia 420

macroazolide 400
macrolide 399, 442
– antibiotics 185
– legionnaires’ disease (LD) 407
– pregnancy 176
maculopapular rash 6
magnetic resonance cholangiopancrea-

tography (MRCP) 596
malaria 252
– algid malaria 259
– anemia 257
– cerebral 256
– in children 259
– in pregnancy 259
– laboratory diagnosis 254
– metabolic acidosis 257
– pathogenicity 254
– renal dysfunction 257
Malassetia spp. 308

Malassezia furfur 73
mannoprotein 66
MAO, see monoamine oxidase
MAP, see mean arterial pressure
mastoiditis 245
maternal mortality 488
matrix protein (MP) 285
mean arterial pressure (MAP) 80
mean body temperature 3
measles 252
mec gene complex 226
mediastinitis 40, 542
– descending necrotizing 543
– microbiology 548
Meleney’s
– synergistic gangrene 522, 525
– ulcer 526
membrane absorption 151
menigococcal infection 172
meningism 245, 250, 588
meningitis 5, 73, 245, 356, 413
meningococcal
– disease 267, 341
– – chemoprophylaxis 359
– – risk factors 344
– meningitis 23
– nasopharyngeal carriage 346
– vaccine 359, 360
meningococcemia, see also meningo-

coccal disease 341
– chronic 351
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– management 352
meningoencephalitis 23, 55, 73
meningomyelocele 582
meropenem 130, 174
– bacterial meningitis 593
merozoites 252
metabolic acidodis 253, 257, 349
– meningococcal disease 356
metabolic block 17
metallo- q -lactamase 220
methicillin-resistant Staphylococcus au-

reus (MRSA) 44, 86, 93, 160, 205,
226, 451, 459, 509

– bacteremia 227
– bloodstream infection 295
– community-acquired (CA-MRSA)

226
– community-acquired pneumonia

(CAP) 396
– cross-colonisation 227
– environmental contamination 229
– hand hygiene 228
– hospital-acquired (HA-MRSA) 226,

449
– infection control 228
– isolation 229
– screening 228
– tracheobronchitis 386
– ventilator-associated pneumonia 78
methylprednisolone 399
metronidazole 35, 148, 154, 192, 194
– brain abscess 249, 584
– in pregnancy 177
– intra-abdominal infections 506
– pancreatic infection 560
mezlocillin 559
MIC, see minimum inhibitory concen-

tration
micafungin 69, 107
microabscess 67
microbial surveillance program 85
microembolization 329
microsporidiosis 56
microvascular thrombosis 480
mifepristone 490
minimum inhibitory concentration

(MIC) 152, 172, 460, 504
minocycline 96, 97, 334
– catheter-related infection 308
Mirizzi’s syndrome 595
mitral
– stenosis 272
– valve disease 15
MODS, see multiple organ dysfunction

syndrome
monoamine oxidase (MAO) 137
monochloramine 410
mouth-to-mask system 26
mouth-to-mouth ventilation

(MTMV) 22
moxifloxacin 133
– in pregnancy 179
MRCP, see magnetic resonance cholan-

giopancreatography
MRSA, see methicillin-resistant Staphy-

lococcus aureus
MSSA, see methicillin-sensitive Staphy-

lococcus aureus

MTMV, see mouth-to-mouth
ventilation

Mucor spp. 244, 529
mucoral fungi 38
Mucorales 113, 523
mucormycosis 108, 248, 529
multi-drug-resistant (MDR) organ-

ism 85, 458
multilumen catheter 304, 333
multi-organ failure 183, 373
multiple organ dysfunction syndrome

(MODS) 12, 123, 298, 477, 595
– apoptosis 480
– management 483
Multiple Urgent Sepsis Therapies

(MUST) protocol 80
mupirocin 230, 317, 337, 511
Murphy sign 600
musculoskeletal dysfunction in

children 178
Mycobacterium avium 56

Mycobacterium tuberculosis 22, 23,
56, 252, 428, 470

– community-acquired pneumonia
(CAP) 396

– mediastinitis 551
– neutropenia 421
Mycoplasma infection 388

Mycoplasma pneumoniae 344, 346
– tracheobronchitis 386
myelosuppression 420
myocardial
– depression 13, 347
– ischemia 13
myocarditis 357

N-acetyl 361
N-acetylneuraminic acid 361

NAS/NRC classification 516
National Nosocomial Infection

Surveillance (NNIS) 202
native valve endocarditis (NVE) 274
necrosis 522
necrotizing
– cellulitis 525
– fasciitis 264, 266, 492, 521, 524, 526
– pancreatitis 68, 563
needlestick
– injury 26
– transmission 23
Neisseria meningitis 23
Neisseria gonorrheae 490

Neisseria lactamica 344
Neisseria meningitidis 341

neomycin 94
neopterin 405
nephrotoxicity 105, 112
– in newborn babies 176
neuraminidase 285, 387
– inhibitor 288
neuroleptic syndrome 6
neuropathy 58
neurotoxicity 153
neutropenia 41, 66, 68, 72, 387, 420
nevirapine 62
NIBP, see non-invasive blood pressure

monitoring
nitric oxide 416

nitrofurantoin 177
NIV, see noninvasive ventilation
N-methylthiotetrazole 174
NNRTI, see non-nucleoside reverse

transcriptase inhibitor
Nocardia 423
Nocardia asteroides 421, 430
non-albicans Candida infection 112
non-HACEK organism 277
non-invasive blood pressure monitor-

ing (NIBP) 13
non-invasive ventilation (NIV) 416
non-nucleoside reverse transcriptase

inhibitor (NNRTI) 62
non-renal clearance 149
non-steroidal anti-inflammatory drugs

(NSAIDS) 4
norepinephrine 9, 398
nosocomial
– bacteria 298
– bacterial meningitis 592
– diarrhea 192
– infection 29, 35, 85, 93, 212
– – reduced compliance 229
– pneumonia 6, 87, 93, 160
– – invasive devices 466
– septicaemia 65
– sinusitis 7
N-propionyl 361
NSAIDS, see non-steroidal anti-inflam-

matory drugs
Nucleoprotein (NP) 285

obstetric infection 169, 488
obstructive tracheobronchial aspergil-

losis 387
octenidine hydrochloride 337
odynophagia 547
ofloxacin 179
– pancreatic infection 558, 560
oliguria 149, 257
oncosphere 599
open reading frame (ORF) 362
ophthalmitis 67
opisthotonus 256
opportunistic
– fungi 32
– infection 29
– – aetiological agents 30
– – viral 32
ORF, see open reading frame
organ
– dysfunction 127
– oxygenation 19
organum vasculosum 4
oropharyngeal flora 385
oropharyngitis 108
orthogonal polarization spectral

imaging (OPS) 18
Orthomyxoviridae 284, 387
oseltamivir 288
osteoarthritis 316
osteomyelitis 306, 316, 585
otitis media 245, 587
otogenic infection 243
otorrhoea 592
ototoxicity 175, 318
oxazolinedione 136
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– in pregnancy 178
oxygen 30
– delivery 17

PAC, see pulmonary artery catheter
PAC-Man trial 16
PAE, see post-antibiotic effect
PALE, see post-antibiotic leukocyte

enhancement
panbronchiolitis 185
pancreas transplantation 40
pancreatic
– abscess 556
– fistula 563
– infection 555
– necrosis 557
– – sterile 562
– pseudocyst 556
pancreatitis 58, 499, 555
– necrotizing 68
Panton-Valentine leukocidin (PVL) 396
papilloedema 586
paracoccidiodomycosis 57
parainfluenza virus 387, 388
paranasal sinus 247
parasitemia 252, 253, 257, 258
parasitizazion 252
parenteral nutrition (PN) 304, 307
– bloodstream infection 303
paresis 317
paresthesia 317
PCR, see polymerase chain reaction
PCT, see procalcitonin
PCWP, see pulmonary capillary wedge

pressure
peak drug concentration 152
penicillin 169, 220
– antistaphylococcal 173
– brain abscess 248, 584
– community-acquired pneumonia

(CAP) 400, 413
– G 172
– in pregnancy 171
– meningococcal disease 352
– toxic shock syndrome (TSS) 267
– V 172
penicillin-binding protein (PBP) 213
penicilliosis 57
Penicillium brevicompactum 37
pentoxifylline 184
Peptostreptococcus 526
– mediastinitis 544
percutaneous
– abscess drainage (PAD) 497
– cholecystectomy 5
– transhepatic cholangiography

(PTC) 501, 596
perfloxacin 179
pericarditis 543
perihepatic infection 602
perinephric abscess 575
peripancreatic necrosis 557
– sterile 562
peripheral
– arterial catheter 329
– nerve toxicity 154
peripherally inserted central catheter

(PICC) 307

peritonitis 109, 488, 494, 496, 502
peritonsillar abscess 544
perivalvular abscess 277
petechiae 347, 348
PFGE, see pulsed-field gel electropho-

resis
phaehyphomycosis 105
phagocytosis 346
– by the liver 106
pharmacodynamics 124
pharmacokinetics (PK) 123
– pregnancy 169
pharyngitis 388
phenotyping 219
phenoxymethylpenicillin 172, 359
phlegmon 497
photophobia 104
PICC, see peripherally inserted central

catheter
piperacillin 128, 153, 173
piperazine 173
placenta 171
planktonic bacteria 466, 569
plasma protein level 149, 155
plasmid 213
plasminogen activator inhibitor (PAI)

347
Plasmodium falciparum 252
PLIE, see post- q -lactamase inhibitor

effect
PMN, see polymorphonuclear

leukocyte
PN, see parenteral nutrition
pneumatosis intestinalis 495
pneumococcal infection 172
Pneumocystis
– infection 44
– pneumonia 428
Pneumocystis carinii
– neutropenia 421
– pneumonia (PCP) 73, 185, 413
Pneumocystis jiroveci 32, 35, 37, 39,

42, 429
– community-acquired pneumonia

(CAP) 396
– pneumonia 51, 56, 73, 427
pneumocystosis 73
pneumonia 25, 385
– bacterial 56
– candidal 67
– community-acquired (CAP) 137,

185, 394, 413, 435
– Gram-negative bacilli 38
– hospital-acquired (HAP) 404, 449
– in HIV-infected patients 427
– in lung transplant recipients 36, 39
– in solid organ transplant recipients 429
– influenza 287
– nosocomial 6, 87, 93, 160, 466
– Pneumocystis carinii (PCP) 73, 185
– prophylactic regimes 93
– renal transplantation 39
– Varicella 185
– ventilator-associated (VAP) 6, 8,

30, 31, 449
Pneumonia Severity Index (PSI) 394
pneumonia-specific severity of illness

(PSI) 436

pneumothorac 547
pocket infection 204
polyacrylnitrile membrane 151
polyarthritis 191
polyene antibiotic 100
polymerase chain reaction (PCR) 67,

254, 406
polymorphonuclear (PMN) leuko-

cyte 186, 479
polymyxin 94
– E 234
– in pregnancy 179
polysaccharide 359
– vaccine 342
polysialated glycoprotein 361
polysporin 336
polytetrafluoroethylene (PTFE) 533
polyurethane
– catheter 334
– dressing 96
polyvinylchloride (PVC) 466
Pontiac fever 405
PorA 361
posaconazole 69, 104
post-antibiotic
– effect (PAE) 125, 152
– leukocyte enhancement (PALE)

127
post- q -lactamase inhibitor effect

(PLIE) 126
post-cesarian section infection 173
post-craniotomy brain abscess 244
posterior fossa
– empyema 587
– syndrome 5
post-esophagectomy 546
post-influenza asthenia 286
post-partum endometritis 491
postresuscitation disease 23
post-sternotomy mediastinitis 550
post-transplantation lymphoprolifera-

tive disease (PTLD) 46
potassium clavulanate 174
povidone-iodine 96, 317, 335, 336
pre-eclampsia 168
pregnancy 168
– digestive physiology 169
Prevotella denticola 544
– mediastinitis 544
Prevotella spp. 546
procainamide 5
procalcitonin (PCT) 375, 405, 463
progesteron 170
prostacyclin 416
prostaglandin antagonist 414
prosthetic valve endocarditis (PVE)

249
protease inhibitor 54
protected specimen brush 398, 462
protein C 379
Proteus spp. 470
proton magnetic resonance spectrosco-

py (PMRS) 247
PROWESS trial 379, 399
Pseudallerscheria infection 108
Pseudallescheria boydii 73, 115
pseudallescheriasis 105
pseudoaneurysm 536
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pseudocyst 557
pseudomembranous enterocolitis 30
Pseudomonas 86, 95, 470
– bloodstream infection 299
– community-acquired pneumonia

(CAP) 413
– hemodialysis catheter-related

infection 315
– pregnancy 179
– urinary tract infection (UTI) 573
– vascular graft infection 533
Pseudomonas aeruginosa 30, 36, 216,

218, 234
– antibiotic resistance 214
– community-acquired pneumonia

(CAP) 396, 400, 438
– endemic infections 220
– healthcare-associated pneumonia

205
– hospital-associated pneumonia

(HAP) 450
– imipenem-resistant 161
– infection 129
– intra-abdominal infections 504
– multi-drug-resistant infection 220
– neutropenia 421
– pneumonia 427
– prevention 221
– septic shock 373, 374
– surgical site infection 510
– tracheobronchitis 385
– ventilator-associated pneumonia

(VAP) 78, 458, 459
PTLD, see post-transplantation

lymphoproliferative disease
puerperal sepsis 169
pulmonary
– artery catheter (PAC) 12, 14, 324,

328
– – complications 15
– – consensus statement 16
– – measurements 20
– capillary wedge pressure (PCWP)

12, 14
pulse
– contour analysis 18
– oximetry 14
pulsed-field gel electrophoresis

(PFGE) 208, 219
purpura fulminans 349, 351, 356
purpuric lesion 349
pus bonum et ludabile 522
PVE, see prosthetic valve endocarditis
pyelonephritis 176, 177, 569, 571, 594
pyloric stenosis in children 176
pyocyanin 218, 221
pyoderma gangrenosum 525
pyogenic liver abscess 598
pyomyositis 524, 527
pyonephrosis 572
pyoverdin 218
pyrexia 5, 68, 591
pyrogen 4
pyuria 571

quinidine 5
quinine 255
quinolone 35, 214, 538

– pancreatic infection 560
quinupristin 135
quorum sensing 221, 466

ramantidine 288
random amplified polymorphic DNA

polymerase chain reaction
(RAPD-PCR) 219

ravuconazole 104
red blood cell transfusion 81
red man syndrome 175
refractory hypoxemia 399
Rely brand 263
renal
– abscess 574
– candidosis 67
– dysfunction 257
– elimination 170
– failure 36
– – clearance 148
– replacement therapy (RRT) 147,

148
– – continuous (CRRT) 147
respiratory
– failure 53
– syncytial virus (RSV) 387–389, 423
retained products from conception

(RPOC) 489
reverse vaccinology 362
Reye’s syndrome 287, 288
Reynold’s pentad 596
rhAPC 380
rheumatic heart disease 272
rhinorrhoea 592
rhinovirus 389
Rhizopus spp. 244, 529
Rhodococcus equi 31, 428
ribavirin 389
rickettsiosis 351
rifabutin 429
rifampicin 96, 97, 131
– in pregnancy 178
– legionnaires’ disease (LD) 407
rifampin 194, 334, 432
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