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We are firmly committed to the tridisciplinary specialty—
acute care surgery, which encompasses trauma, critical care,
and emergency general surgery. This comprehensive textbook
represents innumerable hours of dedication and sacrifice by
us and the editors of this new edition along with the many
accomplished contributors, who are recognized leaders in
their respective areas of interest. The full spectrum of acute
care surgery is expertly addressed in the 64 chapters included
in this book, with each chapter highlighting cutting-edge
advances in the field and underscoring state-of-the-art man-
agement paradigms.

In an effort to create the most definitive reference on acute
care surgery, we have emphasized an evidence-based approach

for all content included. Also, notable controversies are dis-
cussed in detail often accompanied by data-driven resolution.

Perhaps the most pivotal point in the process was the
working retreat that we had in a makeshift conference room
where we essentially had a marathon and critically reviewed
each chapter for accuracy, relevance, and style. This process
continued on an almost weekly basis until a consensus of
high-level satisfaction was achieved for each chapter. Without
hesitation or trepidation, we are dedicating this book to all
the authors, whose tireless efforts contributed to the success
of Acute Care Surgery. In addition, we graciously thank our
family and friends for allowing us to spend some of our “free
time” diligently working on this important project.
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ACUTE CARE SURGERY:
INTRODUCTION

Acute care surgery (ACS), an evolving tridisciplinary specialty,
addresses the concern highlighted by Dr. William Steward Hal-
sted when he stated that “...every important hospital should
have on its resident staff of surgeons at least one who is well
trained and able to deal with any emergency.”! The evolution
of ACS did not occur de novo. On the contrary, several forces
created an optimal environment for its birth and development,
including a precipitous decline in the surgical workforce that
would be involved in the management of such emergencies,
along with the well-documented short supply of specialty sup-
port in the acute care setting. A survey conducted by the Amer-
ican College of Emergency Physicians in 2005 showed that
nearly three-quarters of emergency department medical direc-
tors believe they have inadequate on-call specialty coverage. In
that same survey, orthopedic, plastic, and neurologic surgeons,
as well as otolaryngologists and hand surgeons, were reported
as being in short supply. A fact sheet entitled “The Future of
Emergency Care,” produced by the Institute of Medicine of
the National Academies in 2006, corroborated these findings.
Although some controversy still exists regarding scope of prac-
tice and the essential requirements for this specialty, ACS is a
new and unique discipline. The label “acute care surgeon” has
been erroneously applied to the “surgical hospitalists” and the
“emergency general surgeons.” However, the true definition of
“acute care surgery” embodies three specialty components—
trauma surgery, emergency general surgery, and surgical criti-
cal care (Figure 1).

As a result, the general principles of ACS are derived from
these three specialties. The overarching principle, which tran-
scends each of these three components, is early and expedient

Trauma Critical Care

FIGURE 1. Acute care surgery: a tri-disciplinary specialty.
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medical/surgical intervention. Whether managing a patient
with perforated duodenal ulcer or enterotomies secondary to a
gunshot wound to the abdomen, early diagnosis and expedient
intervention make up the cornerstone of optimal management.
There is no disharmony between the well-established tenets of
trauma management and the general principles of ACS. While
adhering to the basic priorities (airway, breathing, circulation,
etc.) underscored in the primary survey is always prudent, such
an emphasis needs to be tailored on a case-by-case basis in
nontrauma surgical emergencies so that timely intervention is
not delayed. For example, little attention has to be directed to
the disability assessment, included in the primary survey, for a
young patient who presents with a presumptive diagnosis of
acute appendicitis and an obvious surgical abdomen. The same
would be the case for many other nontrauma surgical emer-
gencies. Because of the disparate disease entities and unique
patient populations that can lead to surgical emergencies, it is
unlikely and, perhaps, unnecessary that an all-encompassing
management paradigm, such as Advanced Trauma Life Sup-
port (ATLS)?, which is arguably the most accepted and suc-
cessful practice guideline in American (and international)
medicine—is actually needed. However, general principles of
optimal management are, indeed, applicable even among spe-
cial populations of patients with potential surgical emergencies.
Such general principles are embedded in the thrust of surgical
education that continually underscores the important role of
surgical judgment and prioritization of patient management.

As articulated in a well-written commentary in a recent edi-
tion of the New Yorker, old age is the new demography.’ The
general principles of “acute care surgery” must adapt to this
and other vulnerable populations. Between 2010 and 2050,
there will be a substantial increase in the elderly population
(Figure 2).* With the preexisting conditions, or comorbidities,
increasing with age, the finding by Schloss’® that the elderly
require twice the time and effort of the general surgeon is even
more relevant for the elderly patient in the acute care setting.

In addition, there are age-related physiologic changes that
must be considered when managing the patients. Figure 3
represents a plausible treatment algorithm for this special
population.

The accepted general principles of ACS management
must be malleable enough that appropriate adjustments can
be made for such age-related physiologic changes for this
unique cohort of patients. Limited physiologic reserves should
also be expected in the management of another vulnerable
population—pediatric patients. For example, it is even more
imperative to ensure environmental control (prevention of
hypothermia) in management of the child in the acute care
setting. Also, the health care provider team must be fully cog-
nizant of the fact that hemodynamic instability is often a late
finding in the pediatric patient population.

In addition to an aging population, each decade in the
United States the population also increases by 25 million. With
being an established trend toward specialization and a heavy
emphasis on the elective practice, expert surgical management
in the acute care setting needs to be both cultivated and fortified
if optimal patient care is to be ensured for the injured and criti-
cally ill surgical patients. While a multifaceted approach will be
needed to address this challenge, the establishment of the spe-
cialty, acute care surgery, is a major step in the right direction.
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FIGURE 3. Geriatric trauma patient treatment algorithm.
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ACUTE CARE SURGERY-GENERAL
PRINCIPLES

Expedient assessment/intervention is the paramount axiom of
acute care surgery management. This in no way undermines
or devalues the merits of comprehensive assessments. On the
contrary, prioritization of management—in an attempt to
quickly address disease and injury that can rapidly result in
severe morbidity and mortality—has always been the corner-
stone of all aspects of medicine. Emergency operative interven-
tion, precluding a comprehensive assessment and preoperative
clearance, is indicated in some circumstances. In such case, the
complete evaluation is done after stabilization of the patient.
While the importance of preoperative clearance cannot be over
emphasized, it often cannot (and should not) be implemented
in the acute care setting for a risk benefit analysis of delaying
surgical intervention would be unfavorable and detrimental to
the health status of the patient. However, when appropriate, a
systematic approach to preoperative clearance should be done.

The general principles of acute care surgery, in the non-
trauma setting, must be applicable in the following areas
of emergency general surgery and surgical critical care: (1)
inflammation, (2) perforation, (3) obstruction, (4) bleeding,
(5) ischemia, (6) necrosis, (7) hypoxia, and (8) infection.

CORE MANAGEMENT PRINCIPLES

In the nontrauma setting, the core management principles (the
four Es) in acute care surgery are the following:

Expeditious initial assessment

End point—guided resuscitation

Early intervention and definitive management (if possible)
Essential physiologic monitoring

Expeditious Initial Assessment

Each of the presentations highlighted in Table 1.1 is time
sensitive and, therefore, often necessitates a rapid, methodi-
cal, and accurate evaluation process. When applicable, this
would entail obtaining a relevant history from the patient
and possible family members or health providers caring for
the patient. In addition, the patient should, initially, undergo
a focused physical examination, which can be expanded to
a full and complete exam, if emergency intervention does
not preclude such an assessment. Integrated in the assess-
ment and resuscitative phase should be the acquisition of
the important laboratory values and any required imaging

studies necessary to provide quality surgical care. Because of
the broad spectrum of presentations in acute care surgery,
there is some variability in the diagnostic/treatment para-
digms although the core management principles remain the
same. For example, the otherwise healthy young male patient
who presents with relatively acute onset of right lower-quad-
rant pain (preceded by periumbilical pain), anorexia, and a
fever is likely to have acute appendicitis. If physical exam
confirms right lower-quadrant tenderness with localized peri-
toneal signs and no other remarkable abnormal findings, the
patient should have ongoing resuscitation, antibiotics, and
operative intervention for suspected acute appendicitis. While
some physicians may advocate obtaining a CT scan, it is not
essential in this setting. Also, if a patient presents toxic with
diffuse peritonitis and has associated comorbidities sugges-
tive of secondary peritonitis (e.g., perforated duodenal ulcer),
he/she should be considered for surgery. Any patient with an
acute surgical abdomen should not have intervention delayed
by unnecessary imaging studies. However, the elderly patient,
who has multiple comorbidities, presenting with an insidious
onset of left lower-quadrant pain and tenderness elevated on
abdominal palpation in this area will likely have diverticu-
litis. Radiologic imaging, specifically computed tomography
(CT), would be essential in the diagnostic workup, disease
classification, and management of this patient. A CT scan
that demonstrates a contained pericolonic abscess secondary
to a perforated inflamed diverticulum (Hinchey II classifica-
tion) would dictate the need for CT scan—directed percutane-
ous drainage of the abscess and nonoperative management.

The importance of preoperative laboratory assessment can-
not be overstated. Such an evaluation is needed to help deter-
mine if there are associated medical conditions that could
adversely impact the postoperative course of a patient. How-
ever, in the acute care surgical setting, optimal preoperative
evaluation, including imaging and laboratory studies, often
cannot be accomplished (Algorithm. 1.1).

End Point-guided Resuscitation

Optimal resuscitation is imperative in the management of any
patient in the acute care setting. It is a dynamic process that
requires a continued assessment process to ensure that the tar-
geted end points of resuscitation are achieved. The debate con-
tinues, however, over the optimal end points of resuscitation
in trauma patients. Urine output, lactate levels, base deficit,
gastric intramucosal pH, and direct determination of oxygen
delivery and consumption are all proposed markers for end
points of resuscitation. Irrespective of the end point chosen,
the overarching goal in the resuscitation of patients is correc-
tion of inadequate organ perfusion and tissue oxygenation.

1
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BROAD SPECTRUM OF ACUTE CARE SURGERY (NONTRAUMA)—EMERGENCY GENERAL SURGERY AND SURGICAL

CRITICAL CARE

INFLAMMATION PERFORATION OBSTRUCTION
e.g., appendicitis, diverticulitis, cholecystitis, e.g., hollow visceral rupture; e.g., Airway
cholangitis, pancreatitis, gastritis, gastric and esophageal aspiration
duodenal ulcer disease gastric foreign body
duodenal Esophagus
small and large bowel stricture
appendiceal foreign body
Intestine
mechanical obstruction of small bowl
or large bowel (adhesions, intussus-
ception, volvolus)
adynamic ileus
Biliary
bile duct obstruction (intra-and extra-
luminal
biliary pancreatitis
ACUTE BLEEDING ISCHEMIA NECROSIS

e.g., stress gastritis, esophageal and gastric
variceal bleeding, gastric/duodenal ulcer disease,

e.g., mesenteric ischemia
non-occlussive

e.g., necrotizing fasciitis, gas gangrene,
decubitus ulcers, and other open

diverticulosis, hemorrhoidal bleeding, spontane- embolic wounds
ous splenic/hepatic rupture, vascular aneurysmal thrombotic
rupture, iatrogenic compartment syndrome
extremity
abdominal
thoracic
HYPOXEMIA INFECTION MULTIPLE ORGAN FAILURE

e.g., aspiration, pneumonia, acute lung injury,
acute respiratory distress syndrome, pulmonary
embolus

e.g., superficial and deep seated soft
tissue abscesses, bacteremia, cath-
eter sepsis, solid organ abscesses,
suppurative cholangitis, septic shock

e.g., combined pulmonary, renal, and
cardiovascular system failure (portends
poor prognosis)

Inability to achieve adequate organ perfusion and tissue oxy-
genation can result in anaerobic metabolism with the develop-
ment of acidosis and an associated oxygen debt. Scalea et al.
reported that inadequate tissue perfusion can exist even when
the conventional end points (e.g., blood pressure, heart rate,
and urine output) of resuscitation are normal.'

Early Intervention and Definitive
Management, If Possible

In the acute care setting, irrespective of the specific illness/
injury encountered, early and often definitive intervention is
the essential component of management. Specific treatment
paradigms differ depending on the specific disease entity and
its unique presentation (Algorithms. 1.2-1.6).

GENERAL PRINCIPLES—TRAUMA
SETTING

Prior to focusing on the specific anatomical region where there
is an obvious traumatic injury, an initial assessment of the
entire patient is imperative.

The concept of initial assessment includes the following
components: (1) rapid primary survey, (2) resuscitation, (3)
detailed secondary survey (evaluation), and (4) reevaluation.
Such an assessment is the cornerstone of the Advanced Trauma

Life Support (ATLS) program. Integrated into primary and
secondary surveys are specific adjuncts. Such adjuncts include
the application of electrocardiographic monitoring and the
utilization of other monitoring modalities such as arterial
blood gas determination, pulse oximetry, the measurement
of ventilatory rate and blood pressure, insertion of urinary or
gastric catheters, and incorporation of necessary x-rays and
other diagnostic studies, when applicable, such as focused
abdominal sonography for trauma (FAST) exam, other diag-
nostic studies (plain radiography of the spine/chest/pelvis and
CT), and diagnostic peritoneal lavage (DPL). Determination
of the right diagnostic study depends on the mechanism of
injury and the hemodynamic status of the patient.

The focus of the primary survey is to both identify and
expeditiously address immediate life-threatening injuries.
Only after the primary survey is completed (including the initi-
ation of resuscitation) and hemodynamic stability is addressed
should the secondary survey be conducted, which entails a
head-to-toe (and back to front) physical examination, along
with a more detailed history.

PRIMARY SURVEY

Only the emergency care disciplines of medicine have a
two-tier approach to their initial assessment of the patient,
with primary and secondary surveys as integral compo-
nents. As highlighted above, the primary survey is designed
to quickly detect life-threatening injuries. Therefore, a
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Presentation in the acute
care setting

examination

? time sensitive *

]/ .
/

History & physical

Operative Initial laboratory evaluation/imaging & functional studies **
intervention
System reviews
Cardio vascular Hepatobiliary/gastrointestinal
-ABG -liver function tests (LFT)
-CBC -PT/PTT/INR
-Basic metabolic Panel (BMP) -Albumin
-CXR -CBC
-ECG -BMP
Pulmonary -computed tomography/
-ABG ultrasonography
-CXR Neurologic
-Pulmonary function tests (PFT) -BMP
Renal -CBC
-BMP -ECG
-CBC -computed tomography
-ABG Hematologic
-Urinalysis -CRC
-Monitorying urine output -PT/PTT /INR

A 4

Re-evaluation

“clear indications for emergency
surgical intervention

(hemodynamic instability,
peritonitis, pneumoperitoneum,
severe necrotizing soft tissue
infection in a critically ill patient,
perforated hollow vision, etc.,)

*this diagnostic armamentarium
can be either expanded or
condensed depending on the
individual patient presentation

ALGORITHM 1.1

ALGORITHM 1.1 Preoperative assessment.

universal approach has been established with the following
prioritization:

Airway maintenance (with protection of the cervical spine)
Breathing (ventilation)

Circulation (including hemorrhage control)

Disability (neurologic status)

Exposure/environmental control

Such a systematic and methodical approach (better known
as the ABCDE:s of the initial assessment) greatly assists the sur-
gical/medical team in the timely management of those injuries
that could result in a poor outcome.

A. Airway assessment/management (along with cervical spine
protection)

Because loss of a secure airway could be lethal within 4 min-
utes, airway assessment/management always has the highest
priority during the primary survey of the initial assessment of
any injured patient, irrespective of the mechanism of injury or
the anatomical wound. The chin lift and jaw thrust maneuvers
are occasionally helpful in attempting to secure a patient air-
way. However, in the trauma setting, the airway management
of choice is often translaryngeal, endotracheal intubation. If
this cannot be achieved due to an upper airway obstruction or
some technical difficulty, a surgical airway (needle or surgical

FUNDAMENTAL PRINCIPLES
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Right upper quadrant
& epigastric pain and
fever

resuscitation

history &
physical examination

laboratory: CBC,
LFTs, BMP, amylase,
lipase

diagnostic imaging:

ultrasonography,
MRCP
A 4

[ Symptomatic cholelithiasis ]

'

Medical management
* fluid resuscitation
* antibiotics
* analgesics

Resolution
of
symptoms

* emergency
cholecystectomy

* image-directed
percutaneous
drainage

* cholecystostomy

Elective cholecystectomy
(timeline within 36 hours)

ALGORITHM 1.2

ALGORITHM 1.2 Acute cholecystitis.

cricothyroidotomy) should be the alternative approach. No
other management can take precedence over appropriate air-
way control. Until adequate and sustained oxygenation can
be documented, administration of 100% oxygen is required.

B. Breathing (ventilation assessment)

An airway can be adequately established and optimal venti-
lation still not be achieved. For example, such is the case with
an associated tension pneumothorax (other examples include
a tension hemothorax, open pneumothorax, or a large flail
chest wall segment). Worsening oxygenation and an adverse
outcome would ensue unless such problems are expeditiously
addressed. Therefore, assessment of breathing is imperative,
even when there is an established and secure airway. A pat-
ent airway but poor gas exchange will still result in a poor
outcome. Tachypnea, absent breath sounds, percussion hyper-
resonance, distended neck veins, and tracheal deviation are
all consistent with inadequate gas exchange. Decompression
of the pleural space with a needle/chest tube insertion should
be the initial intervention for a pneumo-/hemothorax. A

large flail chest, with underlying pulmonary contusion, will
likely require endotracheal intubation and positive pressure
ventilation.

C. Circulation assessment (adequacy of perfusion management)

The most important initial step in determining adequacy
of circulatory perfusion is to quickly identify and control
any active source of bleeding, along with restoration of the
patient’s blood volume with crystalloid fluid resuscitation and
blood products, if required. Decreased levels of consciousness,
pale skin color, slow (or nonexistent) capillary refill, cool body
temperature, tachycardia, or diminished urinary output are
suggestive of inadequate tissue perfusion. Optimal resuscita-
tion requires the insertion of two large-bore intravenous lines
and infusion of crystalloid fluids (warmed). Adult patients
who are severely compromised will require a fluid bolus
(2 L of Ringer’s lactate or saline solution). Children should
receive a 20 mL/kg fluid bolus. Blood and blood products are
administered as required. Along with the initiation of fluid
resuscitation, emphasis needs to remain on identification of
the source of active bleeding and stopping the hemorrhage.
For a patient in hemorrhagic shock, the source of blood loss
will be an open wound with profuse bleeding, or within the
thoracic or abdominal cavity, or from an associated pelvic
fracture with venous or arterial injuries. Disposition (operat-
ing room, angiography suite, etc.) of the patient depends on
the site of bleeding. For example, a FAST assessment that
documents substantial blood loss in the abdominal cavity in a
patient who is hemodynamically labile dictates an emergency
celiotomy. However, if the expedited diagnostic workup of a
hemodynamically unstable patient who has sustained blunt
trauma demonstrates no blood loss in the abdomen or chest,
then the source of hemorrhage could be from a pelvic injury
that would likely necessitate angiography/embolization if
external stabilization (e.g., a commercial wrap or binder) of
the pelvic fracture fails to stop the bleeding. Profuse bleeding
from open wounds can usually be addressed by application of
direct pressure or, occasionally, ligation of torn arteries that
can easily be identified and isolated.

D. Disability assessment/management

Only a baseline neurologic examination is required when
performing the primary survey to determine neurologic func-
tion deterioration that might necessitate surgical intervention.
It is inappropriate to attempt a detailed neurologic exami-
nation initially. Such a comprehensive examination should
be done during the secondary survey. This baseline neuro-
logic assessment could be the determination of the Glasgow
Coma Scale (GCS), with an emphasis on the best motor or
verbal response, and eye opening. An alternative approach
for a rapid neurologic evaluation would be the assessment
of the pupillary size and reaction, along with establishing
the patient’s level of consciousness (alert, responds to visual
stimuli, responds only to painful stimuli or unresponsive to
all stimuli). The caveat that must be highlighted is that neu-
rologic deterioration can occur rapidly and a patient with
a devastating injury can have a lucid interval (e.g., epidural
hematoma). Because the leading causes of secondary brain
injury are hypoxia and hypotension, adequate cerebral oxy-
genation and perfusion are essential in the management of a
patient with neurologic injury.

E. Exposurelenvironmental control

To perform a thorough examination, the patient must be
completely undressed. This often requires cutting off the gar-
ments to safely expedite such exposure. However, care must be
taken to keep the patient from becoming hypothermic. Adjust-
ing the room temperature and infusing warmed intravenous flu-
ids can help establish an optimal environment for the patient.
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should include a history of the mechanism of injury, along
with vital information regarding allergies, medications, past

Right lower quadrant
abdominal pain

—

resuscitation

history
&
physical examination

laboratory:
-CBC -BMP
-Urinalysis -BHCG

Rebound tenderness (diffuse peritonitis)

Operative
intervention

elevated WBC
imaging findings

consistent with

inflamed or perforated Normal labs

appendix (include WBC)
Normal imaging
findings

*the operative approach can be either open or or
laparoscopic. A five to Sevenday course of broad
spectrum antibiotics (intravenous) is recommended for
perforated appendicitisdepending on patient
response.

febrile and right
lower quadrant
tenderness

No

Imaging studies
-computed tomography
-pelvic ultrasound

'

re-evaluation/consider
another diagnosis

Note: An image-directed (e.g., computed tomography) drainage of a contained and
well circumscribed appendiceal abscess can be performed in those patients deemed
to be too ill to tolerate an operation. In addition, those who are otherwise healthy and
have subsiding symptoms, along with an improving physical examination can benefit
from CT-directed percutaneous drainage in an effort to allow the inflammatory
process to resolve with an appendectomy being performed later (“interval
appendectomy”)

ALGORITHM 1.3

ALGORITHM 1.3 Appendicitis
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Acute onset of abdominal
(epigastric) pain

resuscitation

history
& physical
examination

emergency situation
A\

Rebound tenderness
(diffuse peritonitis)

laboratory evaluation likely
unable to review labs in this

No
Yes
/ plain radiography
Operative (e.g. CXR) free air
intervention Yes CT scan-
| pneumoperitoneum

|

Pre-pyloric or
duodenal
ulcer perforation

Gastric ulcer
perforation

AW

No

A
history of ulcer disease and
otherwise healthy,
hemodynamically stable

* wedge resection

e partial gastrectomy

or 3
re-evaluation

patients

Yes No

*If plain
radiography
documents free
intraabdominal air,

e omental buttress

¢ omental buttress

obtaining a CT
scan would be

* acid reduction surgery
(e.g. highly selective
vagotomy)

supercilious

ALGORITHM 1.4

ALGORITHM 1.4 Perforated ulcer (duodenal and gastric).

illnesses, recent food intake, and pertinent events related to
the injury.

It cannot be overemphasized that frequent reevaluation of
the injured patient is critical to detect any deterioration in the
patient status. This sometimes requires repeating both the pri-
mary and secondary surveys.

TOPOGRAPHY AND CLINICAL
ANATOMY

The abdomen is often defined as a component of the torso that
has as its superior boundary the left and right hemidiaphragm,
which can ascend to the level of the nipples (4th intercostal

space) on the frontal aspect and to the tip of the scapula in the
back. The inferior boundary of the abdomen is the pelvic floor.
For clinical purposes, it is helpful to further divide the abdo-
men into four areas: (1) anterior abdomen (below the anterior
costal margins to above the inguinal ligaments and anterior to
the anterior axillary lines), (2) intrathoracic abdomen (from
the nipple or the tips of the scapula to the inferior costal
margins), (3) flank (inferior scapular tip to the iliac crest and
between the posterior and anterior axillary lines), and (4) back
(below the tips of the scapula to the iliac crest and between the
posterior axillary lines). The majority of the digestive system
and urinary tract, along with a substantial network of vascu-
lature and nerves, are contained with the abdominal cavity. A
viscera-rich region, the abdomen can often be the harbinger for
occult injuries as a result of penetrating wounds, particularly
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Abdominal distention with
associated vomiting

history & physical
examination

laboratory
-BMP
-CBC

* febrile
o diffuse tenderness No
* shock

resuscitation, including
nasogastric suctioning

* continue resuscitation

* elevated WBC

Yes

management

Prior surgery

Yes No

Operative

intervention \
CO“""HGQ Investigative workup to
FELEEE determine the following:
efforts « intestinal neoplasm

No
— resolution

Yes

e intussusception

v * volvolus

e stricture (e.g.,
inflammation bowel
disease)

e colonic obstruction

* adynamic ileus

¢ Expectant management
¢ Advance diet

ALGORITHM 1.5

ALGORITHM 1.5 Small bowel obstruction.

in the unevaluable abdomen as the result of a patient’s com-
promised sensorium.

Mechanism of Injury—Penetrating Trauma

In addition to the hemodynamic status of the patient, impor-
tant variables in the decision making in the management of
penetrating abdominal injuries are both the mechanism and
location of injury (see “Physical Examination”). The kinetic
energy generated by hand-driven weapons, such as knives and
sharp objects, is substantially less than caused by firearms.
Although not always evident, it is important to know the length
and width of the wound along with the depth of penetration of
the weapon or device that caused the stab injury. For example,

a stab injury usually results in a long, more shallow wound
that does not penetrate the peritoneum. Local wound manage-
ment is the primary focus for these injuries with no concern
for any potential intra-abdominal injury.? Although there are
some stab wounds that do not penetrate the peritoneal cavity,
such cannot just be assumed without some formal determina-
tion or serial abdominal examinations to assess for worsening
abdominal tenderness or the development of peritoneal signs.

There is notable variability among the full spectrum of fire-
arms in the civilian setting, with this arsenal including hand-
guns, rifles, shotguns, and airguns. The kinetic energy, which
correlates with the wounding potential, is dependant on mass
and velocity (KE = 1/2 mv?). Therefore, the higher the velocity
(v), the greater the wounding potential.> Because the barrel is
longer in a rifle than a handgun, the bullet has more time to

FUNDAMENTAL PRINCIPLES
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accelerate, generating a much higher velocity. A high-velocity
missile is propelled at 2,500-5,000 ft per second. Airguns
usually fire pellets (e.g., BBs) and are associated with a lower
velocity and wounding potential. Shotguns fire a cluster of
metal pellets, called a shot. The pellets separate after leaving
the barrel, with a rapidly decreasing velocity. At a distance,
the wounding potential is diminished. However, at close range
(<15 ft), because of the increase in aggregate mass, the tissue
destruction is similar to a high-velocity missile injury.

Although each injury should be handled on an individual
basis, there are general principles that will provide some guid-
ance in the management of penetrating injuries based on mech-
anism of injury. With respect to stab wounds, approximately
one-third of the wounds do not penetrate the peritoneum and
only half of those that penetrate require operative interven-
tion. The number of organs injured and the intra-abdominal
sepsis complication rate are significantly less than wounds
caused by gunshots.*’

Left lower quadrant abdominal
pain and fever

—

resuscitation

history & physical
examination

laboratory

Qluation
A

Rebound tenderness (diffuse
peritonitis)
(Hinchey ll1, 1V classification)

No

Yes

Diagnostic imaging (computed

tomography
Operative
intervention \ \
Acute Acute
uncomplicated complicated
diverticulitis diverticulitis
* Resection of diseased
segment
* Proximal ostomy &
Hartmann'’s procedure A v
Conservative e Hinchey |
* Resection of management | (pericolic
diseased * NPO inflammation)
e fluid
c ;?%ln;?;t resusitatation | * Hinchey II
anastomosis * antibiotics (pericolic
(after on-the- mtrabdo.mlnal
table lavage) retroperitoneal
abcess

/

Image-directed
percutaneous drainage

ALGORITHM 1.6

ALGORITHM 1.6 Diverticulitis




PHYSICAL EXAMINATION

A complete and thorough physical examination of the entire
body is essential in the management of penetrating abdominal
injury. There are some findings (Table 1.2) on physical exami-
nation that are absolute indications for operative intervention.
The components of the physical exam should include careful
inspection, palpation, and auscultation.

In addition to determination of the location, extent, and
the number of wounds, inspection can sometimes determine
the trajectory of the missile or other wounding agent and, con-
sequently, guide management decisions. For example, a patient
with a documented, superficial tangential gunshot wound
(low-velocity), with no other remarkable physical findings,
would likely be managed expectantly (observation). However,
if a penetrating abdominal injury results in a patient present-
ing with an evisceration, exploratory laparotomy would be the
management option of choice. Palpation will enable the exam-
iner to elicit abdominal tenderness or frank peritoneal signs,
along with detection of abdominal distention and rigidity. On
occasion, missiles can be palpated lodged in the soft tissue.
Unless in a controlled and sterile setting such as the operative
theater, probing of a wound should be avoided. Auscultation
is also an important component of the physical examination.
It can detect diminished or absent bowel sounds that could
be suggestive of evolving peritonitis. Also, auscultation could
detect a trauma-induced bruit, suggestive of a vascular injury.
The examiner must be keenly aware that there are situations in
which the abdominal exam will be unreliable due to possible
spinal cord injury or a patient’s altered mental state.

DIAGNOSTIC STUDIES

Even with penetrating injuries, the abdomen is notorious
for hiding its secrets—occult injuries. Access to an extensive
diagnostic armamentarium is imperative in the optimal man-
agement of these injuries. Strongly advocated by some for
abdominal stab wounds, local wound exploration has the
advantage of allowing the patient to be discharged from the
trauma bay or emergency department, if surgical exploration
of the wound fails to demonstrate penetration of the poste-
rior fascia and peritoneum. However, if the patient goes to the
operating room for other injuries, the local wound explora-
tion should be done in the surgical suite with better lighting
and a more sterile environment. A positive finding during local
wound exploration dictates a formal laparotomy or laparos-
copy. However, even with local wound exploration as a guide,
the nontherapeutic laparotomy rate can be high, given that
only a third of the patients with stab wounds to the anterior
abdomen require therapeutic laparotomy.®” In the patient who
has an evaluable abdomen, serial abdominal examinations
would be an acceptable alterative to local wound exploration,

TABLE 1.2

ABSOLUTE INDICATIONS FOR EXPLORATORY
LAPAROTOMY IN PENETRATING ABDOMINAL INJURIES

. Peritonitis

. Evisceration

. Hemodynamic instability

A
B
C. Impaled object
D
E. Associated bleeding from natural orifice
E

Documented pneumoperitoneum
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to determine the need for operative intervention (selective
management). Local would exploration should only be done
for stab wounds to the anterior abdomen. Such an approach
is potentially too hazardous for thoracoabdominal penetrating
injuries and back/flank wounds. Plain radiography (abdomen/
pelvis/chest) can be pivotal in documenting the presence of
missiles and other foreign bodies and determining the trajec-
tory of the injury tract, particularly for wounds from firearms.
Also, the presence of free air might be confirmed by plain
radiography. Unless there is concern about a retained broken
blade, there is little utility for plain radiography for stab inju-
ries.® The DPL developed by David Root, in 1965, was a major
advance in the care of the hemodynamically labile patient
who sustained blunt trauma.” With the advent of FAST and
rapid CT, DPL has limited utility. DPL has never had a broad
appeal in the diagnostic evaluation of penetrating abdominal
wounds. Although some have advocated its use with tangen-
tial wounds of the abdominal wall, the technique has failed
to receive widespread support.'® Its reliability in detecting
clinically important injuries sustained as a result of penetrat-
ing abdominal injuries has been a prevailing concern.!"*3 The
reported sensitivity and specificity of DPL for abdominal stab
wounds are 59%-96% and 78%-98%, respectively.'* Also,
DPL is a poor diagnostic modality for detection of diaphrag-
matic and retroperitoneal injuries.

Diagnostic imaging has had the greatest impact in chang-
ing the face of trauma management with CT taking the lead in
this area. Its ubiquitous presence in the management of blunt
abdominal trauma is well established. However, it is becoming
an important diagnostic study in the evaluation of penetrat-
ing abdominal injuries. In addition to its excellent sensitivity
in detection of pneumoperitoneum, free fluid, and abdominal
wall/peritoneal penetration, CT is helpful in identifying the
tract of the penetrating agent. Hauser et al. recommended the
use of “triple contrast” CT in the assessment of penetrating
back and flank injuries.”* CT scan evaluation is an essential
diagnostic tool in the increasing advocacy for selective man-
agement of abdominal gunshot wounds, obviating the need
for mandatory surgical exploration.'® However, there still
remain two major limitations of CT: detection of intestinal
perforation and diaphragmatic injury.

Unless the injury is confined to the solid organ of the abdo-
men, such as the liver or spleen, the matrix of intestinal gas
patterns makes detection of penetrating injuries difficult. Kris-
tensen et al.'” were one of the first teams to introduce the role
of ultrasonic scanning as part of the diagnostic armamentar-
ium in trauma management. Kimura and Otsuka'® endorsed
using ultrasonography in the emergency room for evaluation of
hemoperitoneum. FAST does not have the same broad applica-
tion in the evaluation of penetrating trauma as it does in blunt
trauma assessment. Rozycki et al.’? reported on the expanded
role of ultrasonography as the “primary adjuvant modality”
for the injured patient assessment. Rozycki also reported that
FAST examination was the most accurate for detecting fluid
within the pericardial sac. Such a finding would be confirma-
tory for a cardiac injury and possible cardiac tamponade, given
a mechanism of injury that could result in an injury to the heart.

As a diagnostic modality, laparoscopy is not a new inno-
vation. Other specialists have been utilizing this operative
intervention for several decades. However, it was formally
introduced as a possible diagnostic procedure of choice for
specific torso wounds when Ivatury et al.?° critically evaluated
laparoscopy in penetrating abdominal trauma. Fabian et al.?!
also reported on the efficacy of diagnostic laparoscopy in a
prospective analysis.

With no conventional diagnostic tool that can conclusively
rule out a diaphragmatic laceration or rent, diagnostic laparos-
copy becomes the study of choice for penetrating thoracoab-
dominal injuries, particularly left thoracoabdominal wounds
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(Algorithm. 1.7). Laparoscopy can also be used to determine
peritoneal entry from a tangential penetrating injury.

Penetrating Abdominal Injuries and the
Hemodynamically Stable and Unstable
Patient

As highlighted above, the management principles in patients
who sustain penetrating abdominal injuries and remain
hemodynamically stable depend on the mechanism and loca-
tion of injury, along with the hemodynamic status of the
patient. Irrespective of the patient’s hemodynamic parameter,
the Adult Trauma Life Support (ATLS) protocol should be
strictly followed upon arrival of the patient to the trauma bay
(Algorithms. 1.8-1.11).

Penetrating thoracoabdominal
(gunshot and stabbing)*

ATLS® protocol

Hemodynamically
Stable

O

@ (esp. left-sided wounds)

| Diagnostic laparoscopy |

<Eon>

celiotomy
or
therapeutic laparoscopy

Negative

observation

* operative intervention is mandatory for all
high velocity injuries, irrespective of left or right.

Trauma Laparotomy The operative theater should be
large enough to accommodate more than one surgical team,
in the event the patient requires simultaneous procedures to be
performed. In addition, the room should have the capability of
maintaining room temperature as high as the lower 80’s °F to
avoid hypothermia. Also, a rapid transfusion device should be
in the room to facilitate the delivery of large fluid volume and
ensure that the fluid administration is appropriately warm.

Abdominal exploration for trauma has basically four
imperatives: (1) hemorrhage control, (2) contamination
control, (3) identification of the specific injury (ies), and (4)
repair/reconstruction. The abdomen is prepared with a topical
antimicrobial from sternal notch to bilateral midthighs and
extending the prep laterally to the side of the operating room
table followed by widely draping the patient. Such preparation
allows expeditious entry into the thorax if needed and possible
vascular access or harvesting. Exploration is initiated with a
midline vertical incision that should extend from the xiphoid
to the symphysis pubis to achieve optimal exposure.

Penetrating anterior abdominal wounds (stabbing)

ATLS® protocol

N

Hemodynamically
Stable

<&

e peritonitis

* evisceration

e associated bleeding
e from a natural orifice
* pneumoperitoneum

e impaled object

Local wound exploration
or
Expectant (observation) management

O

Operative
intervention

ALGORITHM 1.8

ALGORITHM 1.7

ALGORITHM 1.7 Management algorithm for penetrating thora-
coabdominal injury.

ALGORITHM 1.8 Management algorithm for penetrating anterior
abdominal injuries.
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Penetrating anterior abdominal wounds
(gunshot injury)*

ATLS® protocol

v

Hemodynamically
Stable

G o

Confirmed peritoneal

penetration
@ "
Operative
intervention
Observation
laparoscopy

* operative intervention is mandatory for all
high velocity injuries

Penetrating anterior abdominal
wounds (stabbing)

ATLS® protocol

A 4

Hemodynamically
Stable

O

* peritonitis

* evisceration

* gross blood from a
natural orifice

° pneumoperitoneum

* impaled object

— Triple contrast CT scan

— Serial abdominal examination
(if CT Scan does not document injuries
that necessitates surgery) management

O

Operative
intervention

ALGORITHM 1.10

ALGORITHM 1.9

ALGORITHM 1.9 Management algorithm for penetrating abdominal
injuries.

The first priority upon entering the abdomen is control
of exsanguinating hemorrhage. Such control can usually be
achieved by direct control of the lacerated site or obtaining
proximal vascular control. After major hemorrhage is con-
trolled, blood and blood clots are removed. Abdominal packs
(radiologically labeled) are used to tamponade any bleeding
and allow identification of any injury bleeding. The preferred
approach to packing is to divide the falciform ligament and
retract the anterior abdominal wall. This will allow manual
placement of the packs above the liver. Abdominal packs
should also be placed below the liver. This arrangement of
the packs on the liver creates a compressive tamponade effect.
After manually eviscerating the small bowel out of the cavity,
packs should be placed on the remaining three quadrants, with
care taken to avoid iatrogenic injury to the spleen. During the
packing phase after ongoing hemorrhage has been controlled,
the surgeon should communicate with the anesthesia team that

ALGORITHM 1.10 Management algorithm for penetrating abdominal
injuries.

major hemorrhage has been controlled and that this would
be an optimal time to establish a resuscitative advantage with
fluid/blood/blood product administration.

The next priority is control or containment of gross
contamination. This begins with the removal of the packs
from each quadrant—one quadrant at a time. Packs should
be removed from the quadrants that you least suspect to be
the source for blood loss, followed by removal of the packs
from the final quadrant; the one that you believe is the area
of concern.

After control of major hemorrhage has been achieved, any
evidence of gross contamination must be addressed imme-
diately. Obvious leakage from intestinal injury can be ini-
tially controlled with clamps (e.g., Babcock clamp), staples,
or sutures. The entire abdominal gastrointestinal tract needs
to be inspected, including the mesenteric and antimesenteric
border of the small and large bowel, along with the entire
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Penetrating back/flank wounds (gunshot or stabbing)

ATLS® protocol

A

Hemodynamically
Stable

7 >>
* peritonitis

* evisceration

e gross blood from a natural orifice

* pneumoperitoneum

» radiographic confirmation of
missile within the peritoneal cavity

v
@ @ Operative
intervention

Selective management with
utilization of triple contrast CT
scan, along with serial
abdominal examination

* operative intervention is mandatory for all
high velocity injuries

ALGORITHM 1.11

ALGORITHM 1.11 Management algorithm for penetrating back/
flank injury.

mesentery. Rents in the diaphragm should also be closed to
prevent contamination of the thoracic cavity.

Further identification of all intra-abdominal injuries should
be initiated. Depending on the mechanism of injury and the
estimated trajectory of wounding agent, a thorough and metic-
ulous abdominal exploration should be performed, including
exploring the lesser sac to inspect the pancreas and the associ-
ated vasculature. In addition, mobilization of the C-loop of
the duodenum (Kocher maneuver) might be required, along
with medical rotation of the left or right colon for exposure of
vital retroperitoneal structures.

The final component of a trauma laparotomy is definitive
repair, if possible, of specific injuries. As will be highlighted later
in the chapter, the status of the patient dictates whether each
of the components of a trauma laparotomy can be achieved
at the index operation. A staged celiotomy (“damage control”

laparotomy) might be necessary if the patient becomes acidotic,
hypothermic, coaglopathic, or hemodynamically compromised.

GENERAL PRINCIPLES IN
MANAGEMENT OF SPECIFIC
INJURIES

Small Intestine

Isolated small bowel enterotomies can be closed primarily
with nonabsorbable sutures for a one-layer closure. If the
edges of the enterotomy appear nonviable, they should be
gently debrided prior to primary closure. However, multiple
contiguous small bowel holes or an intestinal injury on the
mesenteric border with associate mesenteric hematoma will
likely necessitate segmental resection and anastomosis of the
remaining viable segments of the small bowel. The operative
goal is always the reestablishment of intestinal continuity with-
out substantial narrowing of the intestinal lumen, along with
closure of any associated mesenteric defect. Application of
noncrushing bowel claps can contain ongoing contamination
while the repair is being performed. Although a hand-sewn
or stapler-assisted anastomosis is operator dependant, trauma
laparotomies are time-sensitive interventions and expeditious
management is imperative.

Colon

The segment of injured bowel should be thoroughly inspected,
particularly missile injuries that are most common, through
and through enterotomies. This requires adequate mobilization
of the colon to visualize the entire circumference of the bowel
wall. Initially controversial, an enterotomy (right- or left-sided
injuries) of the colon can be closed primarily, irrespective of
contamination or transient shock state.?? If the colon injury
is so extensive that primary repair is not possible or would
severely compromise the lumen, a segmental resection should
be performed. Depending on the environmental setting, the
remaining proximal segment can be anastomosed to the distal
segment or a proximal ostomy and Hartmann’s procedure can
be performed. If the distal segment is long enough, a mucous
fistula should be established. Documented rectal injuries,
below the peritoneal reflection, should necessitate a diverting
colostomy and presacral drainage (exiting from the perineum).
Such drainage is, however, not universally endorsed.

Stomach/Duodenum

With respect to penetrating wounds of the stomach, the ante-
rior and posterior aspects of the stomach need to be metic-
ulously inspected for accompanying through-and-through
injuries. Penetrating injuries of the stomach should be repaired
primarily after debridement of nonviable edged. The primary
repair can either be single layer with nonabsorbable suture
or double layer closure with an absorbable suture (e.g., Vic-
ryl) for the first layer and the second layer closed with non-
absorbable sutures (e.g., silk) Few penetrating injuries of the
stomach or primary repairs of a through-and-through gastric
injury would compromise the gastric lumen. Duodenal inju-
ries can be repaired primarily in a one- or two-layered fashion
if the penetration is less than half the circumference of the
duodenum. However, for more complex duodenal injuries, an
operative procedure is needed to divert gastric contents away
from the injury site (where closure of the wound has been
attempted). Pyloric exclusion with the establishment of a gas-
trojejunostomy is such a procedure.?>%



Pancreas

Superficial or tangential penetrating wounds of the pancreas,
without injury to the main pancreatic duct, can be externally
drained. However, a penetrating injury that transects the pan-
creas, including the main pancreatic duct, requires extirpation
of the distal pancreas (distal pancreatectomy), particularly if
the transection site is to the left of the superior mesenteric ves-
sels. A more proximal penetrating pancreatic injury can gener-
ally be managed by wide drainage. If a proximal injury involves
the main pancreatic duct, with associated complex duodenal
injury (e.g., injury to the ampulla), pancreatoduodenectomy
may be necessary. Thus, the indication for pancreatoduode-
nectomy is combined destructive injury to both the duodenum
and pancreas; the operation in essence completes the procedure
that the injury has functionally necessitated. Unfortunately,
because of the rich vascular network surrounding the pancreas,
penetrating pancreatic wounds can be lethal injuries.

Spleen

Most penetrating splenic injuries, particularly gunshot
wounds, require splenectomy. To visualize the entire spleen, it
should be mobilized to the midline by division of its ligamen-
tous attachments. Superficial penetrating injuries of the spleen
can sometimes be managed by either splenorrhaphy or appli-
cation of a topical hemostatic agent. Splenorrhaphy can be by
pledgeted repair or an omental buttress. However, complex
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repair of the spleen is not a prudent approach in the always
time-sensitive trauma setting.

Gallbladder and Liver

Penetrating injuries to the gallbladder dictate the need for
extirpation. There is no role for primary repair of a penetrat-
ing wound to the gallbladder.

Liver injuries are common in both blunt and penetrating
trauma. The majority of injuries are superficial or minor and
require no surgical repair. Simple application of pressure or a
hemostatic agent or fibrin glue will constitute definitive man-
agement of the majority of these injuries. The argon beam
coagulation, also a helpful adjunct, in superficial hepatic inju-
ries with persistent oozing generates ionizing energy through
an argon gas stream that causes rapid coagulation. The opera-
tive armamentarium for complex penetrating hepatic injuries
is highlighted in Table 1.3.

Genitourinary System

Less than 10% of patients with penetrating abdominal wounds
sustain genitourinary tract injury; the majority are renal. Pen-
etrating injuries that result in a grade IV (cortical/calyceal injury
and associated vascular injury with contained hemorrhage)
or grade V (shattered kidney and vascular avulsion) invari-
ably necessitate nephrectomy, particularly if there is a viable

LIVER INJURY SCALE OF THE AAST

GRADE* TYPE OF INJURY DESCRIPTION ICD-9? AIS-90¢
INJURY
I Hematoma Subcapsular, <10% surface area 864.01 2
864.11
Laceration Capsular tear, <1 cm parenchymal 864.02 2
depth 864.12
11 Hematoma Subcapsular, 10%-50% surface area; 864.01 2
intraparenchymal, <10cm in diameter ~ 864.11
Laceration 1-3cm parenchymal depth, <10cmin ~ 864.03 2
length 864.13
il Hematoma Subcapsular, >50% surface area or 864.04 3
expanding; ruptured subcapsular or
parenchymal hematoma; intraparenchy-
mal hematoma >10cm or expanding
Laceration >3 c¢m parenchymal depth 864.14 3
v Laceration Parenchymal disruption involving 864.04 4
25%-75% of hepatic lobe or 1-3 864.14
Couinaud’s segments within a single
lobe
\Y% Laceration Parenchymal disruption involving 5
Vascular >75% of hepatic lobe or >3 S
Couinaud’s segments within a single
lobe
Juxtahepatic venous injuries; i.e.,
retrohepatic vena cava/central major
hepatic veins
VI Vascular Hepatic avulsion 6

?Advance one grade for multiple injuries, up to grade III.
YICD, International Classification of Diseases, 9th Revision.

AIS, Abbreviated Injury Score.
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contralateral kidney. Lacerations or more superficial wounds
of the kidney might require renorrhaphy, with approximation
of the disrupted capsule with pledgeted sutures or a prosthetic
(mesh) wrap. Absorbable interrupted suture should be used and
all repairs should be drained. The injury pattern may dictate
the need for a partial nephrectomy. Ureteral injuries can be dif-
ficult to identify in penetrating wounds with an accompanying
retroperitoneal hematoma. When possible, the ureter should
be repaired primarily with interrupted absorbable suture over
a double | stent. A complete transection of the ureter requires
debridement of the nonviable edges, spatulation of the ends,
and primary repair over a stent. All repair sites should be ade-
quately drained. If the anastomosis cannot be performed in a
tension-free fashion, a bladder flap (Boari) could be surgically
constructed, with implantation of the proximal segment of
the transected ureter into the flap. A psoas “hitch” might be
required if there is any tension on the flap and the tunneled
ureter.

Penetrating injury to the intraperitoneal bladder requires
surgical repair. After confirmation that there is no involvement
of the trigone, the bladder should be closed with a two-layer
closure with absorbable suture (the second layer incorporates
Lembert sutures to imbricate the first layer). Suprapubic drain-
age should only be done selectively; however, a Foley’s cath-
eter should be left in place.

Retroperitoneal Hematoma

The retroperitoneum, an organ-rich region, has several vital
structures that can be injured when its boundaries are pen-
etrated. It can be a major potential site for hemorrhage in
patients sustaining either penetrating or blunt trauma due
to the substantial vascularity along with bleeding that can
occur from an associated solid organ wound (e.g., kidney).
In the central region (Zone 1) of the retroperitoneum resides
the abdominal aorta, celiac axis, and the superior mesenteric

artery, vena cava, and proximal renal vasculature. The lateral
retroperitoneum (Zone 2) encompasses the proximal genito-
urinary system and its vasculature. The pelvic retroperitoneum
(Zone 3) contains the iliac arteries, veins, and their tributaries.
In addition to the vasculature and the kidneys (plus ureters)
highlighted above, the retroperitoneum contains the second,
third, and fourth portion of the duodenum, along with the
pancreas, the adrenals, and the intrapelvic portion of the colon
and rectum. Table 1.4 underscores the management principles
of trauma-related retroperitoneal hematomas. Ideally, proxi-
mal (and when applicable, distal) control needs to be achieved
prior to exploration of a retroperitoneal hematoma. For retro-
peritoneal hematomas in Zone 1, irrespective of a penetrating
or blunt mechanism, mandatory exploration is required. Also,
retroperitoneal hematoma in any of the three zones requires
exploration for all penetrating injuries. For Zone 2 retroperi-
toneal hematomas resulting from blunt trauma, all pulsatile
or expanding hematomas should undergo exploration. Gross
extravasation of urine also necessitates exploration. Zone 3
(pelvic retroperitoneum) hematomas should be explored only
for penetrating injuries to determine if there is a specific intra-
pelvic colorectal, ureteral, or vascular injury. However, such an
approach should not be taken for blunt trauma, for the injury
would likely be venous and application of an external com-
pression device would be the preferred intervention. An arte-
rial injury could be addressed by arteriography/embolization.

Intra-abdominal Packing and “Damage
Control” Strategy

“Damage control” strategy, popularized by Rotondo et al., is
a staged celiotomy strategy that was initially made operation-
ally visible by Mattox and Feliciano. Although this approach
was not actually developed by them, Mattox and Feliciano
certainly popularized the technique and made it acceptable for

TABLE 1.4

KIDNEY INJURY SCALE OF THE AAST

GRADE* TYPE OF INJURY INJURY DESCRIPTION ICD-9* AIS-90¢
I Contusion Microscopic or gross hematuria, urologic studies 866.00 2
normal 866.02
Hematoma Subcapsular, nonexpanding without parenchymal  866.11 2
laceration
I Hematoma Nonexpanding perirenal hematoma confined to 866.01 2
renal retroperitoneum
Laceration Parenchymal depth of renal cortex (>1.0cm) with-  866.11 2
out urinary extravasation
11 Laceration Parenchymal depth of renal cortex (>1.0cm) with-  866.02 3
out collecting system rupture or urinary extrava- 866.12
sation
v Laceration Parenchymal laceration extending through the 866.02 4
renal cortex, medulla, and collecting system
Vascular Main renal artery or vein injury with contained 866.12 4
hemorrhage
v Laceration Completely shattered kidney 866.03 5
Vascular Avulsion of renal hilum, which devascularizes 866.13 5

kidney

2Advance one grade for biliateral injuries up to grade III.
YICD, International Classification of Diseases, 9th Revision.
°AIS, Abbreviated Injury Score.




use in this country.?*3 Irrespective of the name given to this
strategy of surgically managing only immediate life-threaten-
ing injuries (along with intra-abdominal packing and rapid
temporary closure of the abdominal cavity), the goal is the
same—avoid the potential irreversibility of sustained acido-
sis, hypothermia, coagulopathy, and hemodynamic lability by
delaying definitive operative management until the patient can
be stabilized in the intensive care unit. Although “damage con-
trol” is most frequently used in association with severe hepatic
wounds, other organ injuries, including vascular wounds, can
necessitate this staged celiotomy approach with hepatic pack-
ing and a rapid, creative abdominal closure.

Mechanism of Injury—Blunt Trauma

The management paradigm of blunt abdominal has evolved
over the last few decades. For example, the emphasis on the
physical examination, plain x-radiography, laboratory find-
ings, and DPL has shifted to greater reliance on CT and
ultrasonography. Treatment for visceral injury has tradition-
ally been operative but many forms of solid organ injury can
now be managed nonoperatively or with minimally invasive
and interventional radiology techniques. Management of the
multiply injured trauma patient at level I trauma centers with
state-of-the-art techniques has now conclusively shown signifi-
cantly improved patient outcome and survival.’!

CURRENT DIAGNOSTIC AND
IMAGING TECHNIQUES

Focused Abdominal Sonography for Trauma

One of the most recent advances in the workup of the acutely
injured patient is the use of bedside ultrasonography for detec-
tion of cardiac and intra-abdominal injury. Known as FAST,
the technique’s noninvasive nature allows the operator to per-
form an exam simultaneously during the initial resuscitation
and stabilization of a multiply injured trauma patient. The
technique may thereby provide evidence of significant hemor-
rhage early in the course of evaluation. An ultrasound probe
is used to examine four key windows for fluid; the subxiphoid
area permits visualization of the pericardium, the left subcos-
tal area visualization of the splenorenal recess, right subcos-
tal area visualization of Morison’s pouch, and the suprapubic
area visualization of the pelvic cul-de-sac (Fig. 1.1). The pres-
ence of fluid may indicate presence of cardiac tamponade,
intra-abdominal hemorrhage, hollow viscus perforation,
hemoperitoneum, or ascites. False-positive results secondary
to preexisting ascites or false negatives due to operator error
or body habitus are the main limitations. Scanning the supra-
pubic area with distension of the urinary bladder will enhance
the sensitivity of the exam for the detection of pelvic fluid.

A threshold of at least 200 mL of fluid in the abdominal
cavity is necessary for detection; intra-abdominal injuries
must be associated with the presence of this much free fluid
for a positive finding.??> Reported sensitivities range between
73% and 88% and specificity between 98% and 100%.3
Accuracy rates range from 96% to 98%. FAST is an inex-
pensive, rapid, portable, noninvasive technique that can be
performed in serial fashion if patient stability changes.’*3¢
Additionally, it obviates the risk of exposing pregnant
females to radiation. Positive findings in stable patients can
be further evaluated with CT or DPL while unstable patients
with a positive finding may be taken to the operating room
for emergent exploration. Workup of a patient with a reliable

Chapter 1: Acute Care Surgery: General Principles

/_:-‘/ N | -~
7 &
7/
i
i
[
/
- " i

-

1
A

FIGURE 1.1. Schematic showing sonographic windows for (1) sub-
xiphoid, (2) left subcostal, (3) right subcostal and suprapubic areas.
Distension of the urinary bladder either prior to Foley’s catheter place-
ment or by installation of 150-200 mL normal saline will enhance
sensitivity. (Redrawn from Rozycki GS, Ochsner MG, Schmidt JA,
et al. A prospective study of surgeon-performed ultrasound as the
primary adjuvant modality for injured patient assessment. | Trauma.
1995;39:492-498; discussion 498-500.)

abdominal exam may be complete with a negative FAST in
the absence of abdominal signs or symptoms. However, in
the patient with significant mechanism of injury, we generally
follow a negative FAST with CT of the chest and abdomen.

Computed Tomography

Technologic advances in CT have revolutionized the initial
management of trauma patients over the past two decades.
Multidetector scanners have dramatically improved resolution
and accuracy of these imaging studies. Negative predictive val-
ues as high as 99.63% have been reported for patients sustain-
ing major mechanisms of blunt trauma, allowing the use of
CT as a reliable and noninvasive screening tool for screening
patients with blunt abdominal trauma. In light of modern-
day CT capabilities, prospective data have demonstrated that
patients with an important mechanism and a benign abdomen
can be released from the emergency department if a CT scan
of the abdomen shows no evidence of visceral injury provided
that there are no other reasons for hospitalization.?’

CT reliably identifies injuries in solid organs such as the
spleen, liver, and kidney because of their vascular anatomy,
demonstrating disruption of normal architecture, associated
free fluid, and the so-called vascular blush. Similar grading
scales have been developed to allow for accurate classification
and determination of management plan (Tables 1.3-1.5).3%%°

Detection of bowel injury via CT in patients who are
intoxicated, intubated, or have associated closed head injury
or other distracting injuries can present a diagnostic challenge
in the absence of a reliable abdominal exam. The incidence of
blunt bowel injury varies from series to series but is generally
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SPLEEN INJURY SCALE OF THE AAST

GRADE* TYPE OF INJURY DESCRIPTION ICD-9* AIS-90¢
INJURY
I Hematoma Subcapsular, <10% surface area 865.01 2
865.11
Laceration Capsular tear, <1 cm parenchymal — 865.02 2
depth 865.12
I Hematoma Subcapsular, 10%-50% surface 865.01 2
area; intraparenchymal, <5 cm in 865.11
diameter
Laceration 1-3cm parenchymal depth, which ~ 865.02 2
does not involve a trabecular ves-  865.12
sel
il Hematoma Subcapsular, >50% surface area 3
or expanding; ruptured subcapsu-
lar or parenchymal hematoma
Laceration Intraparenchymal hematoma 865.03 3
>5cm or expanding
>3 cm parenchymal depth or 865.13
involving trabecular vessels
v Laceration Laceration involving segmental 4
or hilar vessels producing major
devascularization (>25% of
spleen)
\Y% Laceration Completely shattered spleen 865.04 5
Vascular Hilar vascular injury, which 865.14 5

devascularizes spleen

“Advance one grade for multiple injuries, up to grade IIL.

YICD, International Classification of Diseases, 9th Revision.

AlIS, Abbreviated Injury Score.

reported in the 1%-5% range in all blunt trauma patients
admitted to level 1 trauma centers.* A high index of suspicion
is predicated on mechanism of injury and physical exam find-
ings such as abdominal wall tattooing or seat belt sign. CT
findings may be direct such as extravasation of oral contrast or
pneumoperitoneum, or more commonly, indirect such as bowel
wall thickening, stranding of the mesentery, or free fluid in the
absence of solid organ injury. Indirect findings may be fairly
nonspecific and secondary to bowel edema from resuscitation
or preexisting ascites. Reproductive-age females may have a
small amount of normal or “physiologic” pelvic fluid present,
sometimes adding to the complexity of the evaluation. Patients
on positive pressure ventilation or with substantial barotrauma
may develop mediastinal or subcutaneous emphysema that can
tract through the peritoneum or retroperitoneum and give the
appearance of free air. Great care in the radiologic interpreta-
tion and close clinical correlation are necessary in such cases.
The liberal use of DPL may prevent nontherapeutic laparot-
omy. Obviously, when significant doubt remains, abdominal
exploration may be necessary to confirm an injury.

The role of oral contrast in the evaluation of the acutely
injured patient has recently come under question. Little time
is usually available in the emergent setting to permit adequate
opacification of the small bowel. Patients are further at risk
for aspiration of the contrast media and administration often
requires placement of a nasogastric tube. Reports have shown
that elimination of oral contrast media does not lead to an
increased incident of missed bowel injury.**> Many centers
have now safely eliminated the use of oral contrast media from
their routine trauma protocols, expediting management and
ease of patient care. Resuscitation edema may cause a hazy

appearance around the head of the pancreas and duodenal
c-loop, raising the question of a pancreatic or duodenal injury.
Further clarification in this situation can be obtained via
repeat CT scan with the administration of oral contrast and
the injection of 300-500-mL bolus of air down the nasogastric
tube may make pneumoperitoneum obvious.

CT may also be of importance in identification in patients
with arterial hemorrhage related to pelvic fracture. CT may dem-
onstrate an arterial blush or large hematoma in the vicinity of a
pelvic fracture, indicating the need for pelvic arteriography or
pelvic external fixation. A “CT cystogram” may also be help-
ful and eliminate redundancy of x-ray evaluation. The Foley’s
catheter is clamped after placement in the trauma bay. Real-time
interpretation as the CT is performed by the evaluating physi-
cian, which may dictate further delayed images or a formal three-
view (anterior/posterior, lateral, and post void views) cystogram.

SPECIFIC ORGAN INJURY
The Spleen

The spleen is the most commonly injured intra-abdominal
organ followed by the liver and small bowel in blunt trauma
patients. The spleen’s location in the left upper quadrant lends
susceptibility to injury from broken ribs, deceleration, and
blunt percussion forces. Clinically, patients with splenic injury
may present with hypotension, left upper-quadrant pain or
tenderness to palpation or diffuse peritonitis from extrava-
sated blood. Referred pain to the left shoulder on deep inspi-
ration, in face of splenic hematoma, is known as Kehr’s sign.



NONOPERATIVE MANAGEMENT

Most series indicate that 60%-80% of patients presenting with
blunt splenic injury can be managed nonoperatively at level
I or II trauma centers.* Facilities without the resources and
experience of a bonafide trauma team may not safely meet the
demands of nonoperative management and should consider
patient transfer.* Patients selected for nonoperative manage-
ment must have stable vital signs, be free of peritoneal signs or
other concern for hollow viscus injury, and have no evidence of
free extravasation of IV contrast from the splenic parenchyma.

Considerable debate remains regarding risk factors for fail-
ure of nonoperative management. Higher American Associa-
tion for the Surgery of Trauma (AAST) splenic injury grade,
age >55 years, moderate to large hemoperitoneum, subcapsu-
lar hematoma, and portal hypertension have all been suggested
to increase the risk of failure. Early reports in the evolution
of nonoperative management regarding ASST grade did not
demonstrate higher failure rates for higher grade injury. More
recent reports using high-resolution multidetector CT scanners
allow better assessment of injury grade. The data from these
studies show that patients with injury grades III-V to be at
increased risk for nonoperative failure.**#” Age continues to be
controversial subject matter in the literature, with numerous
reports claiming that age >55 years is or is not a risk factor for
failure.*** Documentation of a moderate or large hemoperito-
neum is suggestive of a major injury and should be considered
an important factor in individual patient assessment.

Patients with splenic subcapsular hematoma or history of
portal hypertension are specific subgroups of patients who
deserve special consideration. Patients with subcapsular hema-
toma in our experience tend to ooze from the raw parenchymal
surface and further disrupt the capsule, leading to more raw
surface area to bleed. These patients are at increased risk for
delayed rupture 6-8 days following injury and may already be
discharged from the hospital if they have isolated injury. Fur-
thermore, splenic embolization is not an effective treatment of
this condition because it usually necessitates coiling of the main
splenic artery, which can lead to substantial pain and abscess
formation. History of portal hypertension or cirrhosis, while
not an absolute contraindication to nonoperative management,
certainly should raise concerns. The general risks of laparot-
omy in a Childs B or C cirrhotic need to be carefully weighed
against the risk of ensuing and worsening coagulopathy. This
scenario may, indeed, call for main splenic artery embolization.
None of these risk factors alone should dictate the decision
to proceed immediately to operative intervention. Nonop-
erative management does reduce hospital length of stay and
transfusion requirement; however, the morbidity of splenec-
tomy should remain low in any surgeon’s hands. Overall, the
patient’s condition including comorbidities, coagulopathy, and
other problems (such as traumatic brain injury, aortic injury,
and suspicion for concomitant hollow viscus injury) factor into
the decision-making process. No one undergoing nonoperative
management should ever succumb to splenic hemorrhage.

BLUNT SPLENIC
INJURY—GENERAL PRINCIPLES
OF MANAGEMENT

Approximately 20% of patients initially undergoing nonoper-
ative management of blunt splenic injury require further inter-
vention (Algorithm. 1.12). Failure has been associated with
the presence of a contrast blush in up to two-thirds of these
patients.’® The presence of a contained contrast blush within
the parenchyma of the spleen represents pseudoaneurysm

Chapter 1: Acute Care Surgery: General Principles 17

formation of a branch of the splenic artery. Angioemboliza-
tion is now commonly used to selectively occlude the arte-
rial branches containing these injuries.’! Implementation of
this salvage technique at centers that routinely screen for the
presence of pseudoaneurysm has increased the success of non-
operative management to 90% or greater. Pseudoaneurysm
formation has been observed in even grade I and II injuries
and may not be present on the initial imaging.’> Therefore, fol-
low-up CT scan is recommended on all patients with splenic
trauma within 24-48 hours after injury. If these images show
stable injuries without pseudoaneurysm formation, expectant
management may ensue.

Long-term data are unavailable concerning the risk of outpa-
tient or delayed rupture, but the incidence is low and has been
reported to be about 1.4%.% The average date to readmission
for delayed splenectomy after discharge was 8 days in this study.
Lower grade (I and II) injuries tend to heal more quickly and
most injuries are healed by 5-6 weeks.* However, approximately
20% of blunt splenic injuries will not show complete healing and
may be at risk for pseudocyst formation. CT should be repeated
in 6 weeks for grade I and II injuries and 10-12 weeks in grades
II-V before reinstating patients to normal activity.

Splenectomy

Patients requiring urgent or emergent intervention for splenic
hemorrhage may develop hypothermia, coagulopathy, and vis-
ceral edema. The most expeditious and safest course of action
under these conditions is removal of the spleen. The general
assumption of abdominal exploration for trauma is that there are
known and, possibly, unknown injuries. The operative approach
is via a midline vertical incision that allows the best exposure
and facilitates temporary abdominal closure should visceral
edema or damage control measures be necessary. Standard oper-
ating procedure is similar to that previously highlighted in the
section, “Management of Penetrating Abdominal Trauma.”

With respect to performing a splenectomy, a self-retain-
ing (Buckwalter, Thompson, Rochard, etc.) retractor is used
to expose the left upper quadrant. The spleen is retracted
medially with some downward compression and the poste-
rior attachments can be taken with the cautery. Once these
attachments are freed, the spleen can be mobilized medi-
ally for optimal exposure. The assistant stands on the left
side of the table and supports the spleen while the surgeon
ligates short gastric and hilar vessels. Being careful to avoid
the tail of the pancreas, a large clip, placed on the specimen
side of the splenic hilum, will reduce back-bleeding and expe-
dite the procedure. Once the spleen has been removed, the
splenic fossa is inspected for further bleeding with a rolled
laparotomy pad.

Splenorrhaphy

Hemodynamically stable patients found to have small to mod-
erate amounts of parenchymal hemorrhage at laparotomy may
be candidates for splenic preservation. The spleen is mobi-
lized into the wound using the same technique as for splenec-
tomy. The injury to the spleen is assessed and decision is made
whether to resect a portion if the parenchymal injury extends
into the hilum or if arterial bleeding is coming from within the
splenic laceration itself. If the decision is made to resect the
upper or lower pole, the parenchyma is divided with the cautery
and the associated hilar vessels are taken with clamps and ties.
Any arterial bleeding from the parenchyma is controlled with
suture ligature and the cautery is used to control oozing from
the parenchyma. A tongue of omentum is then sutured into the
laceration or to the raw surface of the remaining spleen in the
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Initial CT Abdomen with
SplenicInjury

l YES
Hypotension

Contrast extravasation
Peritonitis/concern for hollow viscus injury

lNO

Contained Pseudoaneurysm

lNO

Relative Contraindications for non-
operative management
Associated injury
Severe traumatic brain injury
Aorta transection

Age > 55
Subcapsular hematoma
Portal hypertension/Cirrhosis

lNO

Repeat CT / Abdomen 24-48°
demonstrates contrast blush

YES
> Laparotomy

YES Angiography for possible

> selective embolization

YES

> Consider early splenectomy
YES Angiography for possible

> selective embolization

| no

Continue observation

Repeat CT / Abdomen 6-8 weeks
document healing of injury prior to
return to normal activity

ALGORITHM 1.12

ALGORITHM 1.12 Blunt splenic injury—general principles of management.

case of resection. Approximately 50% of the spleen is required
to preserve adequate phagocytic and immunologic function.
If this cannot be achieved, a splenectomy is probably the best
option, with appropriate postsplenectomy immunization.’*

THE LIVER

The liver is susceptible to the same blunt force mechanisms
as the spleen, making it the second most frequently injured
intra-abdominal organ. Similar to the spleen, nonoperative
management of blunt liver injury has reduced transfusion

requirements, hospital length of stay, and mortality.’”** Angi-
ographic embolization of arterial injury has also reduced the
morbidity and mortality of liver trauma. Complications of
nonoperative management such as biloma and liver abscess
can usually be managed with minimally invasive techniques as
well. What is imperative in the management scheme is to know
when to take the patient immediately to the operating room
for active hemorrhage versus attempting nonoperative man-
agement with angioembolization. The liver is obviously not as
expendable an organ as the spleen, and there is no substitute
for an in-depth knowledge and experience handling hepatic
injuries.



Nonoperative Management

Similar to the experience with blunt splenic trauma, routine use of
CT has revolutionized the management of blunt hepatic trauma.
The most recent data show that 70%-85% of all patients present-
ing with blunt liver injury can be managed nonoperatively.5"-®2
Patients must be hemodynamically stable, free of peritoneal signs
or other evidence of bowel injury, and have absence of contrast
extravasation. Worsening grade of injury makes nonoperative
management less likely but injury grade alone should not dictate
the decision to intervene.®*** Patients should have stable systolic
blood pressure >90mm Hg with a heart rate <100 bpm after
controlling other possible sources of extraabdominal blood loss,
such as orthopedic and soft tissue injuries. Failure from subse-
quent liver hemorrhage occurs in 0.4%-5% of patients and fail-
ure due to missed injury of other intra-abdominal organs, such as
the kidney, spleen, pancreas and bowel, occurs in 0.5%-15% of
patients.®® The results of these data are summarized in Table 1.6.
It is difficult to tell the specific cause of immediate surgery in the
earlier reports because laparotomy for all causes, such as associ-
ated splenic hemorrhage, was included.

Angiographic embolization is a useful adjunct in the
management of blunt hepatic trauma both in nonoperative
patients and those who have undergone damage control lapa-
rotomy in a number of small series.®”° Intravenous contrast
extravasation from the liver parenchyma into the peritoneal
cavity and contrast contained within the parenchyma of the
liver associated with a large amount of intraperitoneal blood
on initial CT scan are emergent situations mandating angio-
graphic embolization or surgery.” If bleeding appears to origi-
nate from the retrohepatic vena cava or hepatic veins and it is
ongoing, emergent exploration is the only option because arte-
rial embolization is ineffective in these scenarios. Patients with
labile blood pressure and parenchymal injury may be better
served with emergent exploration depending on the time nec-
essary to assemble the angiography team. However, if angiog-
raphy is readily available, favorable results have been obtained
transporting patients to the angiography suite with ongoing
resuscitation for arterial bleeding.”?> Patients requiring signifi-
cant resuscitation during a successful embolization procedure
may still be at risk for abdominal compartment syndrome and
should have bladder pressures monitored.”

Patients with contrast extravasation contained within the
liver parenchyma without significant associated hemoperito-
neum are less worrisome but should probably undergo arte-
riogram for further assessment. A perceived contrast blush on
CT scan is associated with bleeding identified at angiography
in 60% of patients.
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Operative Management

Bleeding from minor liver injuries (grades I and II) usually
stops spontaneously and surgical intervention is rarely
required.” Occasionally, patients may require exploration for
other injuries after abdominal trauma in the presence of minor
liver trauma. Nonbleeding liver injuries should be left alone.
In the face of coagulopathy or hypothermia, minor hepatic
injuries may present with persistent oozing. In such cases, top-
ical hemostatic agents, with or without perihepatic packing,
may be all that is necessary to stop the bleeding if the patient
is being adequately resuscitated.

Major liver injuries (grades III-V) are more likely to bleed
and require surgical intervention. Because grade IV and V liver
injuries can present formidable technical challenges even in the
hands of the most capable individuals, a variety of surgical
techniques have been developed for their management.

Large liver wounds should be quickly inspected to get some
idea about the degree of hemorrhage and packed initially.
Anesthesia should be notified about anticipated blood loss and
blood availability checked. Vital signs and resuscitation status
should be reviewed. Bleeding should be contained with pack-
ing and direct pressure until anesthesia has had time to “catch
up.” Remaining focused and well organized, as well replenish-
ing intravascular volume is invaluable in the management of
any trauma patient.

The most direct approach at this point is to remove the
packing and visually inspect for bleeding vessels, which can
be individually ligated. Debridement of devitalized tissue
using finger fracture technique will expose additional bleed-
ing vessels, which may have retracted into the surrounding
parenchyma. If bleeding prevents adequate visualization of
the surgical field, the next step should be vascular control of
the portal triad (e.g., Pringle’s maneuver). This maneuver is
easiest to perform for the person standing on the left of the
patient. This individual places the fingers of the left hand
into the foramen of Winslow and he/she uses the thumb to
palpate for the cord of tissue running into the caudal sur-
face of the liver. Once this structure is suspected, its identity
can generally be confirmed by appreciating the pulse in the
hepatic artery. A hole is then created in the hepatoduode-
nal ligament using blunt finger dissection. A noncrushing
vascular clamp or a half-inch Penrose’s drain or vessel loop
can be double-looped around the porta and cinched down
with a Kelly clamp. We prefer the latter technique because
it seems to be less obtrusive to further manipulation of the
liver and may be less traumatic to the structures of the porta
hepatis.

TABLE 1.6

FAILURE RATES FOR NONOPERATIVE MANAGEMENT OF LIVER TRAUMA

STUDY NUMBER OF  IMMEDIATE = OVERALL LIVER FAILURE = OTHER

(YEAR) PATIENTS SURGERY FAILURE RATE RATE (%) FAILURE RATE
(%) (%) (%)

Meredith (1994) 116 48 3 3

Croce (1995) 136 18 11 5

Pacther (1996) 404 53 1.2 0.7 0.5

Malhotra (2000) 661 15 7 3

Velmahos (2003) 78 29 15 0 15

Christmas (2005) 561 320 1.8 0.4 1.4

Other Failure refers failure due to injuries from other intra-abdominal organs such as the spleen, kidney, pancreas, or bowel.

“15% for liver bleeding.
¥13% for liver bleeding.
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If a Pringle’s maneuver does not adequately decrease liver
bleeding, then concern for hepatic vein or retrohepatic caval
injury should be entertained. Obtaining adequate exposure in
deep liver wounds or in juxtahepatic caval injuries is of utmost
importance. The falciform ligament is taken off the diaphragm
posteriorly to the bare area. The right and left triangular liga-
ments are dissected with the cautery, along extension to the
corresponding coronary ligaments. Further dissection of the
coronary ligaments to the bare area will allow full mobiliza-
tion of the liver into the surgical field. Careful dissection of
the bare area will allow access to the suprahepatic inferior
vena cava. If the plane in the bare area is difficult to develop,
a transverse incision in the diaphragm here will gain access
to the pericardium and intrapericardial control of the infe-
rior vena cava can be achieved. Total hepatic isolation can be
achieved with a Pringle’s maneuver and vascular control of the
infrahepatic, suprarenal inferior vena cava, and the suprahe-
patic intra-abdominal or intrapericardial inferior vena cava.
The physiologic stress of this technique may not be well toler-
ated in patients with severe shock and clamp times <20-30
minutes should be maintained.

INTESTINE

A missed intestinal injury may have devastating consequences.
Therefore, the basic principle in the management of hollow vis-
cus injuries is operative intervention. In general, the surgical
management is straightforward: debridement of any devitalized
tissue and primary closure of a simple enterotomy. However,
for more destructive injuries, segmental resection and primary
anastomosis (or stomal formation) will likely be required.
Knowledge of the AAST organ injury grading scale is help-
ful in describing wounds of the bowel” (Tables 1.7 and 1.8).
Grade Iinjury is contusion or partial thickness laceration of the
bowel wall without perforation. Grade I injury is a full-thick-
ness wound involving <50% of the bowel wall circumference.

Grade III is a laceration comprising >50% of the bowel wall
circumference without complete transection. Grades IV and
V injuries represent complete transection of the bowel wall
and transection with segmental tissue loss or devascularization
of the mesentery, respectively. The terms destructive and non-
destructive simplify the terminology; nondestructive wounds
are those injuries that can be managed with debridement and
primary suture enterorrhaphy and are comprised of grades I
through III. Destructive wounds necessitate resection of an
entire segment of the bowel due to loss of colonic integrity or
devascularization of the mesentery and encompass grades IV
and V.

The distinction between destructive and nondestructive
wounds is important in terms of the prescribed manage-
ment. Nondestructive wounds of the large or small bowel
can generally be repaired without further consideration. Most
small bowel and large destructive injuries should be resected
and reconstituted unless “damage control” management is
planned.”7¢78

LUNG AND CHEST WALL

The most common lung injury in blunt trauma is pulmonary
contusion. These specific injuries are managed expectantly and
supportively. Extensive injury will likely dictate the need for
endotracheal intubation and the administration of positive
pressure ventilation to optimize oxygenation. A thoracotomy
will likely be required for left or right mainstem bronchial
tears with associated major airleak. Other indications for early
operative intervention include a massive hemothorax (1,500
mL or greater or blood initially evacuated from the pleural
space upon insertion of a chest tube or >200 mL per hour
of blood chest tube drainage for successive hours). Operative
fixation or chest wall stabilization by plating fractured ribs
has gained some popularity for multiple rib fractures or a flail
chest.”?8

TABLE 1.7

AAST SMALL BOWEL INJURY SCALE

GRADE* TYPE OF DESCRIPTION OF ICD-9% AIS-90¢
INJURY INJURY
I Hematoma Contusion or hematoma 863.20-863.31 2
without devascularization
Laceration Partial thickness, no perfora- 2
tion
I Laceration Laceration <50% of circum- 863.20-863.31 3
ference
1T Laceration Laceration 250% of circum- 3
ference without transaction
v Laceration Transection of the small 863.20-863.31 4
bowel
A% Laceration Transection of the small 863.20-863.31 4
bowel with segmental tissue
loss
Vascular Devascularized segment 4

“Advance one grade for multiple injuries, up to grade III.

’ICD, International Classification of Diseases, 9th Revision.

°AIS, Abbreviated Injury Score.




Chapter 1: Acute Care Surgery: General Principles

TABLE 1.8

AAST COLON INJURY SCALE

GRADEA TYPE OF DESCRIPTION OF INJURY ICD-9% AIS-90¢
INJURY
I Hematoma Contusion or hematoma without 863.40 2
devascularization 863.44
Laceration Partial thickness, 863.40 2
no perforation 863.44
1I Laceration Laceration <50% of circumference 863.50 3
863.54
III Laceration Laceration >50% of circumference 863.50
863.54
v Laceration Transection of the colon 863.50 4
863.54
A% Laceration Transection of the colon with seg- 863.50 4
mental tissue loss 863.54
ICD-9:4, .51 = ascending; 42, .52 = transverse; 43, .53 = descending; .44, .54 = rectum.
?Advance one grade for multiple injuries, up to grade III.
YICD, International Classification of Diseases.
°AIS, Abbreviated Injury Score.
ACUTE CARE SURGERY— References

GENERAL PRINCIPLES: SUMMARY

As highlighted above, the core principle of acute care sur-
gery is expeditious and effective medical/surgical manage-
ment, with early diagnosis an essential element. Many of the
general principles of trauma management are applicable in
the nontrauma setting. However, each specific disease entity
has its own unique diagnostic/management paradigm that is
covered throughout the textbook. Depending on the regional
geography, the disease (nontrauma) entities that are most
commonly encountered by the acute care surgeon are out-
lined in Table 1.9.

The severity of the disease and the stage of presentation,
along with the status of the patient (e.g., hemodynamic sta-
bility) will often dictate the specific course of management
(operative vs. nonoperative approach).

TABLE 1.9

COMMONLY ENCOUNTERED DISEASE ENTITIES

Appendicitis

Intestinal obstruction

Diverticulitis and deep (cartilage) of tissue, abscesses
Necrotizing soft tissue infection

Biliary diseases

Pancreatitis

Gastrointestinal bleeding

Mesentery ischemia

Inflammatory intestinal disease

Perforated hollow viscus
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10.
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20.
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CHAPTER 2

GREGORY ]. JURKOVICH

TRAINING IN ACUTE CARE SURGERY

Training in acute care surgery has been formalized in an
advanced surgical training fellowship that is currently endorsed
and sponsored by the American Association for the Surgery of
Trauma (AAST)."? The AAST is a professional surgical society
that was founded in 1938 and has been the academic home
for trauma surgeons in North America. The curriculum for
acute care surgery fellowships is outlined below (Table 2.1), as
well as detailed on the AAST Web site (http://www.aast.org/
Library/AcuteCareSurgery/Default.aspx).

Fundamental to this training is an emphasis on the three
main components of acute care surgery: trauma, surgical
critical care, and emergency general surgery. Key structural
components of the curriculum are that it is 2 years in length
and includes within its content an Accreditation Council on
Graduate Medical Education (ACGME)-approved surgical
critical care residency, as well as advanced surgical training in
trauma care and emergency general surgical care. Applicants
must have finished an ACGME-approved general surgery resi-
dency. Throughout this chapter, the term “residency” means a
formal training program approved by the Surgery Residency
Review Committee (RRC) of the Accreditation Council for
Graduate Medical Education. The term “fellowship” means a
formal training program that is similar to ACGME-accredited
residencies, but is not an ACGME-accredited program. Cur-
rent examples of such “fellowships” include minimally
invasive surgery, acute care surgery, transplantation, breast
surgery, and others. Some fellowships are generally in newer or
developing fields and are considering seeking formal ACGME
accreditation in the future. Other fellowships (including some
established ones) are less inclined to seek ACGME overnight
due to the reimbursement restrictions on resident care man-
dated by federal funding sources and the increasingly stringent
additional requirements (e.g., duty hour limitations).

The curriculum includes a dedicated minimum of 9 months
of surgical critical care, as mandated by the ACGME for
accredited surgical critical care residencies. In the majority of
the programs, this results in having a 1-year surgical critical
care fellowship, along with an additional year of clinical oper-
ative experience in trauma and emergency general surgery.
Only a program with an ACGME-accredited surgical critical
care residency can be eligible for AAST approval for an acute
care surgery training program.

The remaining 12-15 months are focused on operative
rotations in emergency and elective surgery, with the expecta-
tion that there will be at least 12 months of acute care surgical
on-call experience, or a minimum of 52 nights of trauma and
emergency general surgery call. The 12-15 months of operative
rotations have as a foundation time spent on an active acute
care surgical service. This is ideally supplemented by three
specific rotations in thoracic, vascular, and hepatobiliary—pan-
creatic surgery, with the expectation that these rotations will
provide supplemental and advanced exposure to surgical skills
and patient care challenges that often are inadequate in core
general surgery training. It is felt that these three specific areas
of advanced specialty training are needed to fully prepare a
surgeon for the clinical challenges of emergency trauma and
nontrauma surgery.

While there is considerable flexibility allowed in these new
training fellowships, it is suggested that there is time spent

on trauma orthopedics and neurosurgical services, with addi-
tional elective time to be allocated to meet the needs of the
trainee. The expectation is that trainees will be competent in
the management of a wide spectrum of acute care surgical
needs and have specific operative competency in the proce-
dures listed in Table 2.2.

In summary, the clinical component of these fellowships
includes the following key areas:

1. The program should supply the necessary volume and
variety of trauma, critical care, and emergency general sur-
gery to ensure adequate training of fellows.

2. Each fellow must have ample opportunity and respon-
sibility for the care of patients with acute surgical prob-
lems, and the operative experience must be consistent with
developing competency in technical skills and procedures
required to provide acute surgical care.

3. Elective general surgery is an essential component of the
training of acute care surgeons.

4. Emergency surgical call and trauma call are mandatory
components of the training curriculum. Fellows will take a
minimum of 52 trauma and emergency surgery night calls
during the 2-year fellowship.

5. Elective operative experience in thoracic, vascular, and
complex hepatobiliary and pancreatic procedures are
strongly encouraged as a means of developing competency
in the management of acute surgical emergencies in these
anatomic regions.

6. Working knowledge of the diagnosis, management, and
operative treatment of neurosurgical and orthopedic inju-
ries is expected.

7. Experience with the use of interventional radiology tech-
niques is encouraged.

8. Experience and competency with diagnostic upper and
lower gastrointestinal (GI) endoscopy and bronchoscopy
are encouraged.

As of early 2011, there were seven formally approved train-
ing sites, one pending approval, with another estimated 10-20
programs in various stages of considering submitting applica-
tions for approved training sites.

The history of how the AAST became the sponsoring orga-
nization and pushed the development of acute care surgery
fellowships is worthy of comment. Trauma surgery as a unique
academic surgical specialty had its roots in the urban county
hospitals of the United States, although it has always been the
specialty of military surgeons. Those spheres of influence over-
lapped at the end of the Vietnam War, with the lessons learned
in that massive trauma resuscitation experience being applied
to the civilian trauma centers that had begun to develop in the
late 1960s.? Primarily due to the charismatic and academically
focused leadership in Chicago (Freeark), Dallas (Shires), and
San Francisco (Blaisdell), followed by regional trauma systems
in Illinois (Boyd) and Maryland (Cowley) in the early 1970s,
the urban county hospitals had by necessity become hospitals
for the most critically injured blunt and penetrating trauma
patients.* The American College of Surgeons (ACS) recognized
this trend, and its inherent value in patient care, and began
to advocate for trauma centers and trauma surgeons via the
Committee on Trauma (ACS/COT). The publication of the
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ACUTE CARE SURGERY CURRICULUM

REQUIRED CLINICAL ROTATION LENGTH
Surgical critical care including:
Trauma/surgical critical care, including other relevant critical care rotations 9-12 mo
This portion of the fellowship must comply with ACGME requirements for a surgical
critical care residency
Emergency and elective surgery: 12-15 mo
Total 24 mo
SUGGESTED EMERGENCY AND ELECTIVE SURGERY ROTATIONS LENGTH
Trauma/emergency surgery (required) 2-3 mo
Thoracic 2-3 mo
Transplant/hepatobiliary/pancreatic 2-3 mo
Vascular/interventional radiology 2-3 mo
Orthopaedic surgery 1 mo
Neurological surgery 1 mo
Electives 1-3 mo
Recommended: burn surgery and pediatric surgery
Additional: endoscopy, imaging, plastic surgery, etc.
Total 12 mo

Notes to Curriculum Outline

It is a requirement that over the 2-y fellowship, trainees participate in acute care surgery call for no less than 12 mo. Fellows are required to take

52 night calls in trauma and emergency surgery during the 2-y fellowship.

. Flexibility in the timing of these rotations and the structure of the 24-mo training should be utilized to optimize the training of the fellow.
. Rational for out-of-system rotations for key portions of the training must be based on educational value to the fellow.

. Acute care surgery fellowship sites must have RRC approval for surgical critical care residency.

. Experience in elective surgery is an essential component of fellowship training.

. An academic environment is mandatory, and fellows should be trained to teach others and conduct research in acute care surgery.

(SR NEONE ST

sentinel document “Optimal Hospital Resources for Care of
the Seriously Injured” first occurred in 1976 and has spurred
over 30 years of formalized trauma center and trauma system
development in the United States that is the template for how
regionalization of care can occur.

Those who pursued a trauma career during this period
fondly remember the golden age of trauma surgery from the
mid-1970s to the late 1980s.> Mentorship was a decisive fac-
tor. The trauma surgeon was regarded as the master technician
(Blaisdell, Carrico, Davis, Freeark, Lucas, Ledgerwood, Mat-
tox, Shires, Moore, Feliciano) who operated confidently and
effectively in the neck, chest, abdomen, and pelvis and repaired
any injured blood vessel. After exposure to the “trauma ser-
vice,” residents initially bent on a career in cardiac surgery or
transplant surgery often changed direction because of exposure
to these individuals during surgical training. This was a time
of novel operative techniques and frequent trauma operations.
The annual program of the AAST was replete with presenta-
tions on innovative operative techniques (hepatic tractotomy,
splenorrhaphy, pyloric exclusion; cervical, thoracic, abdomi-
nal, and peripheral vascular reconstruction). As poignantly
stated by Tom Cogbill in the editorial entitled “Eraritjarit-
jaka,” “I had no thought of choosing surgery as a career until
the third year surgery rotation at the Denver General Hospital.
In less than a day I felt as if [ had been thrown into a busy field
hospital on the edge of some unknown battlefield. The Knife
and Gun Club lived up to its reputation night after night. Each
day was more exciting than the day before... I looked with
great admiration upon... attending surgeons for their excel-
lent decision making and technical skills.”® Eraritjaritjaka is

an archaic poetic expression in Arunta, which means “full of
desire for something that has been lost.”

Indeed, by 1990, a number of critical events radically
changed the scope of practice for trauma surgery, but perhaps
none so subtly yet dramatically as the progressive reduction
in operative procedures and marked increased responsibility
for nonoperative care of the injured patient; these became
synonymous with a disenfranchisement of the specialty as a
viable surgical career. The advent of computed tomographic
scanning ushered in nonoperative management of solid organ
injuries that has become the rule rather than the exception.
A successful national emphasis on injury prevention lessened
the injuries from motor vehicle crashes, and the operative
management for blunt torso trauma became infrequent. Pen-
etrating trauma, at one time the most prevalent indication for
thoracic, abdominal, and vascular operations in urban trauma
centers, became much less common for reasons that are still
debated in social science circles. The emergence of other surgi-
cal specialists (thoracic, vascular, otolaryngology) additionally
diverted many injuries away from trauma surgery, and angio-
embolization and endovascular stenting further decreased
operative intervention. A report by Richardson and Miller in
1992°¢ verified this trend away from trauma surgery as a desir-
able field, noting that only 8% of graduating surgical residents
were interested in trauma.

Concurrent with these events, surgical critical care emerged
as a viable discipline with strong academic interests and chal-
lenging physiology, and trauma surgeons became absorbed in
delivering comprehensive care for all injured patients, with
some developing a primary interest and focus of practice in
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OPERATIVE MANAGEMENT PRINCIPLES AND TECHNICAL PROCEDURE REQUIREMENTS OF ACUTE CARE SURGERY D
FELLOWSHIP T
O
AREA/PROCEDURE ESSENTIAL DESIRABLE Z
I~
AIRWAY S
=
Cricothyroidotomy x Z
Nasal and oral endotracheal intubation including rapid sequence induction x g
<
Tracheostomy, open and percutaneous x o)
HEAD/FACE =
Nasal packing (for complex facial fracture bleeding) x -
ICP monitor x
Lateral canthotomy x
Ventriculostomy x
NECK
Exposure and definitive management of vascular and aerodigestive injuries x
Elective neck dissection x
Parathyroidectomy x
CHEST
Advanced thoracoscopic techniques as they pertain to the described conditions x
Bronchoscopy: diagnostic and therapeutic for injury, infection, and foreign body  x
removal
Damage control techniques X
Definitive management of empyema: decortication (open and video-assisted tho-  x
racic surgery [VATS])
Diaphragm injury, repair X
Exposure and definitive management of cardiac injury, pericardial tamponade x
Exposure and definitive management of esophageal injuries and perforations x
Exposure and definitive management of thoracic vascular injury x
Exposure and definitive management of tracheobronchial and lung injuries x
Pulmonary resections x
Spine exposure: thoracic and thoracoabdominal x
VATS for management of injury and infection x
Partial left heart bypass x
Repair blunt thoracic aortic injury: open or endovascular x
ABDOMEN AND PELVIS
Abdominal wall reconstruction following resectional debridement for infection, x
ischemia
Advanced laparoscopic techniques as they pertain to the described procedures x
Damage control techniques X
Exposure and definitive management of duodenal injury x
Exposure and definitive management of gastric, small intestine, and colon x
inflammation, bleeding, perforation, and obstructions.
Exposure and definitive management of gastric, small intestine, and colon x
injuries
Exposure and definitive management of major abdominal and pelvic vascular x
injury
Gastrostomy (open and percutaneous) and jejunostomy X
Hepatic resections X
Management of abdominal compartment syndrome x
Management of all grades of liver injury x

(Continued)
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OPERATIVE MANAGEMENT PRINCIPLES AND TECHNICAL PROCEDURE REQUIREMENTS OF ACUTE CARE SURGERY

FELLOWSHIP (Continued)

AREA/PROCEDURE ESSENTIAL DESIRABLE
Management of pancreatic injury, infection, and inflammation x
Management of rectal injury x
Management of renal, ureteral, and bladder injury x
Management of splenic injury, infection, inflammation, or disease x
Pancreatic resection and debridement x
Exposure and definitive management of major abdominal and pelvic vascular x
rupture or acute occlusion
Management of acute operative conditions in the pregnant patient x
Management of injuries to the female reproductive tract x
Place IVC filter x
EXTREMITIES
Amputations, lower extremity (hip disarticulation, above knee, below knee, x
trans-met.)
Damage control techniques in the management of extremity vascular injuries, x
including temporary shunts
Exposure and management of lower extremity vascular injuries x
Exposure and management of upper extremity vascular injuries X
Fasciotomy, lower extremity X
Radical soft issue debridement for necrotizing infection x
Acute thromboembolectomy x
Applying femoral/tibial traction x
Fasciotomy, upper extremity X
Hemodialysis access, permanent x
On-table arteriography x
Reducing dislocations x
Splinting fractures x
OTHER PROCEDURES
Skin grafting x
Treatment of hypothermia X
Lower GI endoscopy x
Operative management of burn injuries x
Thoracic and abdominal organ harvesting for transplantation x
Upper GI endoscopy X
PEDIATRIC SURGICAL PROCEUDRES
Inguinal hernia repair x
Trauma management X
Treatment of bowel obstruction x
Ventral hernia repair x

this largely nonoperative specialty. The new specialty of emer-
gency medicine further compounded these changes, as these
physicians sought to be the primary hospital-based responders
to trauma and directors of trauma resuscitation and evalua-
tion. In response, the ACS/COT promulgated guidelines for
the physical presence of the trauma surgeon in the Emergency
Department for initial evaluation of the injured patient and
the intensive care unit to provide nonoperative support-
ive care, all in an effort to provide a continuity of care and

surgical presence that support surgeon primacy in caring for
the injured patient. While clearly well intended, the guidelines
became regulations in many states and translated into frequent
nocturnal excursions to the ED to oversee initial care of head
injuries and multiple fractures, forcing onerous mandatory in-
house call, with decreasing operative experience.

A further destructive consequence was the practice of
divorcing elective procedures from trauma surgery. While the
stated rationale was that the trauma surgeon was preoccupied



with ED and SICU responsibilities, it often was the case that
the trauma surgeons were prohibited from having an elective
practice by either hospital administrators or private practice
community surgeons who not only did not want to do trauma
care but also did not want the trauma surgeons, who were
paid by the hospital, to compete for their referrals. The net
result was that trauma surgery—once a predominantly opera-
tive service—became a largely nonoperative field with dispro-
portionate demands on lifestyle. Esposito et al convincingly
articulated that trauma surgery was in the midst of an identity
crisis, a feeling that was not lost on competing emergency phy-
sicians, some of whom felt they should be assuming the lead
in trauma care.”$
These forces combined with other social, demographic, and
economic pressures to develop a crisis in trauma care. New
graduates in all medical specialties were congregating to “con-
trollable lifestyle” specialty practices; there was increasing
unavailability of surgeons committed to the injured patient;
the high economic pressures on hospitals to pay “on-call”
surgeons of every conceivable specialty of what some would
consider to be outrageous or at least disproportionate pay for
simply being available, while the trauma surgeons provided
the bulk of clinical care. While a disruptive lifestyle, extended
work hours, poor reimbursement, risk of blood-borne infec-
tions, and medicolegal risk are to a degree shared by all surgical
disciplines, the unique challenge confronting trauma surgeons
was the shrinking scope of operative practice. The unique
challenge confronting societal health care was the increasing
cost of medical care, the unavailability of surgeons willing to
provide emergency call, and the decreased availability of gen-
eral surgeons well versed and comfortable with the manage-
ment of all types of surgical emergencies, including trauma.*!°
Recognizing these challenges and the changing face of
general surgery, the trauma community developed an active
response to patient and provider needs. Representative mem-
bers of the AAST, Eastern Association for the Surgery of
Trauma, Western Trauma Association, and American Col-
lege of Surgeons Committee on Trauma (ACS/COT) met in
August of 2002 to consider the future of trauma surgery in
light of the changing demographics and economics of trauma
care. That initial meeting was cochaired by David Hoyt, MD,
president of the AAST, and Wayne Meredith, MD, chairman
of the ACS Committee on Trauma. The AAST was assigned
primary responsibility for developing a plan of action, and Dr.
Hoyt appointed Gregory J. Jurkovich, MD, chairman of an ad
hoc committee, to accomplish just that. This became a stand-
ing committee of the AAST in the fall of 2006 and has subse-
quently been chaired by Dr. Grace Rozycki (2008-2010) and
John Fildes (2010-2014). Further details of the history behind
the organization of this committee and its workings to develop
the acute care surgery training fellowship are referenced.'?
The primary recommendation of this committee was that
the AAST should take a leadership role in defining, develop-
ing, and promoting a new postgraduate training fellowship. It
was believed this fellowship should be built on a foundation
of “general surgery,” meaning it would follow core general
surgery training, currently a 5-year ACGME residency in the
United States. The primary purpose of this new training fel-
lowship would be to define and train a surgeon with exper-
tise in trauma, critical care, and emergency general surgery.
It was expected that this broad training would allow for great
flexibility in local practice patterns, including encouraging an
elective practice in general surgery if desired. This training
paradigm, and the fellowships and specialty practice patterns
it has spawned, have come to be known as acute care surgery.
The details of this 2-year fellowship have been described
already. Extensive exposure and direct care of the injured
patient are the bedrock of this fellowship, combined with sur-
gical critical care and emergency general surgery. Academic
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activities are expected of these trainees, and a core curriculum
including operative experience has been mandated. Finally, a
measurement of knowledge (multiple choice test) in trauma
and general surgical emergencies has been developed.

It is clear this fellowship is in its infancy. However, in a
recent survey of program directors of ACGME-approved sur-
gical critical care programs, of which there are 95 programs
offering 189 residency positions, 57% responded that they
are considering incorporating an acute care surgery fellowship
training paradigm.!! In 2005, the American Board of Surgery
initially established advisory councils for trauma, burns, and
surgical critical care along with gastrointestinal surgery, surgi-
cal oncology, and transplant surgery. These advisory councils
were in addition to component boards in pediatric surgery and
vascular surgery.'? In 2010, the Trauma, Burns, and Surgical
Critical Care Advisory Council was made a component board,
with ongoing discussions on the pathway to board-certification
status for acute care surgery training. Programs are advertis-
ing acute care surgery positions, hospitals are recruiting to
acute care surgery positions, other medical specialties are
talking about acute care surgery, and importantly, medical
students and residents are asking questions about a career in
acute care surgery. Indeed, the dilemma of limited or restricted
elective operative prerogative for trauma surgeons has been
most conspicuous in university hospitals where general
surgery has become maximally fragmented, compounded by
the existence of financially powerful cardiothoracic, vascular,
transplant, and interventional radiology services. Many of
these academic centers have embraced at least part of the true
acute care surgery practice concept, incorporating “emergency
general surgery” into the trauma service with or without a
critical care practice as a solution to the lack of availability
of a “general surgeon.”'*' And while many criticisms have
been leveled at the concept and development of this training
paradigm, it has gained traction because it is fulfilling a need.

This is the practice paradigm that most “trauma surgeons”
identify with as we enter the 2nd decade of the 21st century. In
reality, while the name is new, the practice paradigm of acute
care surgery is not. Academic urban county hospitals, now
often called “safety net hospitals,” have always employed this
model to ensure optimal care of the injured patient, convinced
that emergent torso trauma surgery and elective general surgery
are inseparable.*'> Moreover, this has always been the scope of
practice for rural trauma surgeons.'®2° Acute care surgery train-
ing is likely to become one of the pathways of specialization
following core general surgery training and the one that best
develops broadly trained general surgeons who will embrace
the challenges of surgical emergencies and critical care.
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CHAPTER 3

PATHOPHYSIOLOGY OF ACUTE

ILLNESS AND INJURY

TIMOTHY R. BILLIAR AND MARCUS K. HOFFMAN

In the setting of an acute surgical illness, the patient’s body
responds to stresses resulting from tissues in distress and often
from microbial invasion. This results in profound changes
in the function of most organs and systems. Most of these
changes are adaptive. The range and extent of the responses
depend on not only the type of insult but also host factors
(see Table 3.1). When excessive, the responses designed to
allow the host to adapt can become dysregulated or exces-
sive and hence maladaptive. Timely intervention can limit the
untoward consequences. However, an appreciation of both
the adaptive and maladaptive response can assist with care
decisions that can impact patient outcomes.

Systemic responses are secondary to a combination of fac-
tors including neurohormonal responses, release of bioac-
tive molecules from damaged or injured tissues, or infectious
organisms or elaborated products. The extent to which tissue
damage and invasive infection contribute to the host response
can vary considerably by the type of insult. For example, in
cholangitis, minimal tissue damage occurs but bacteremia can
be substantial. Likewise with gastrointestinal ulceration, a
small area of tissue necrosis can result in diffuse peritonitis
and sepsis if there is free perforation.

As local disease processes become more extensive, a sys-
temic response ensues. Patients may exhibit tachycardia, tachy-
pnea or carbon dioxide retention, or temperature elevation
above 38°C or below 36°C. Complete blood counts may reveal
leukocytosis of 12K white blood cells/mm? (WBC) or higher,
depression below 4K, or bandemia. Having at least two of
the aforementioned physiologic changes or laboratory values
defines a patient as having systemic inflammatory response syn-
drome (SIRS) and, in the setting of infection, defines a patient
as having sepsis. However, in the clinical setting, a patient is
usually referred to as being “septic” when he or she has sepsis
and some form of organ dysfunction, such as altered mental
status or oliguria. Patients have progressed to septic shock
when they develop hypotension resistant to fluid boluses.

Along the spectrum of localized inflammation to septic
shock, the surgeon must determine how well a patient is com-
pensating and how much physiologic reserve the patient has
remaining. A systematic approach to evaluating patients in
acute care surgery allows for an appropriate global evaluation
of the patient. Several scoring systems have been developed
to estimate the physiologic status of the patient. Among the
most predictive is the Acute Physiology and Chronic Health
Evaluation II (APACHE II) classification system (see Fig. 3.1).
Although not often calculated acutely, this classification sys-
tem assesses parameters of organ and system function that
should be part of the evaluation of acutely ill surgical patients.

CARDIOVASCULAR

Patients with coronary artery disease, congestive heart failure,
or severe valvular problems will not tolerate drastic hemo-
dynamic changes seen in severe systemic inflammation. With
coronary artery disease, atherosclerosis prevents demand-
driven vasodilation that can result in ischemia and myocardial

damage in the setting of sustained tachycardia as seen with
SIRS. Aside from a history of previous myocardial infarction,
coronary artery bypass grafting or percutaneous coronary
interventions, coronary disease should be suspected in any
patient with diabetes mellitus, smoking history, hyperlipid-
emia, and peripheral vascular disease.

Congestive heart failure and valvular disease do not dras-
tically change the management of patients presenting with
acute surgical issues but may necessitate more invasive hemo-
dynamic monitoring as ongoing resuscitation occurs. Resus-
citation should not be limited due to these comorbidities as
aggressive resuscitation will likely correct disturbances in low
cardiac output. Consideration must be given to heart rate con-
trol as tachycardia can lead to inefficient cardiac contractil-
ity, pulmonary edema, and hypotension. The development of
atrial fibrillation in a patient with or without a cardiac history
should cue the surgeon into the fact that the heart is irritated
in the current physiologic state.

In a compensated state, the cardiovascular system will
maintain a sinus rhythm and an acceptable blood pressure.
In states of intravascular depletion, vascular resistance will
increase via increased vessel tone to maintain a mean arterial
pressure for perfusion of vital organs. This attempt at com-
pensation is seen as a narrowed pulse pressure, as the diastolic
pressure is elevated from increased vascular tone and the
systolic pressure drops from decreased preload. For mainte-
nance of cardiac output with decreased preload and resultant
decreased stroke volume, the heart rate will increase.

Decompensated states of the cardiovascular system can be
either obvious or arbitrary. Obvious states are the develop-
ment of new nonsinus rhythms (e.g., atrial fibrillation) and
the occurrence of myocardial ischemia or acute coronary syn-
dromes. Arbitrary decompsensated states lie along the same
spectrum of compensated states, but occur further along, such
as when a patient has a sinus tachycardia in the 160 bpm
range or when mean arterial pressure drops below 55 mm Hg.

Therapeutic interventions begin with the insertion of an arte-
rial line for continuous blood pressure monitoring, frequently
followed by central venous catheterization if there is any doubt
about the volume status of a patient. Pulmonary artery or Swan-
Ganz catheters may be placed if large hemodynamic changes are
expected in the setting of known severe aortic or mitral valve
dysfunction or if the etiology of hypotension and cardiac dys-
function is unknown. Resuscitation begins with isotonic crystal-
loid fluids and may need to be supplemented with vasopressors
depending on the degree of volume depletion (prolonged vomit-
ing or lack of oral intake), presence of septic response (high car-
diac output, peripheral vasodilation, high mixed venous oxygen
saturations), and patient parameters such as high central venous
pressure in the presence of low mean arterial pressure.

PULMONARY

Relevant respiratory history includes both previous and
current smoking, known diagnosis of chronic obstruc-
tive pulmonary disease (COPD), pulmonary medications
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PATIENT FACTORS ASSOCIATED WITH INCREASED MORTALITY

including inhalers or prednisone, or shortness of breath with
activity. Patients with COPD may decompensate and develop
hypoxemia or hypercapnia and carbon dioxide narcosis.
For patients with appreciable pulmonary comorbidities,
patients and their families should be aware that mechanical

DISEASE/INTERVENTION

Necrotizing soft tissue
Infectionsinfections

Emergent colorectal surgery
Perforated peptic ulcer
Upper GI bleed

Appendectomy

Cholecystectomy

Age > 60, DM, acute renal failure,

Age
Age, number of comorbidities, NSAIDs or corticosteroid use

Age, CHE, hepatic failure, malignancy, IBD, renal disease,
DM, CAD, corticosteroid use

Age, ASA Class IV or V, complete dependence functional
status, insulin-controlled DM, COPD, chronic corticoste-
roid use, current pneumonia, history of bleeding disorder

Age > 60, ASA Class III-V

DM, diabetes mellitus; NSAIDs, nonsteroidal anti-inflammatory drugs; GI, gastrointestinal; CAD, coronary
artery disease; COPD, chronic obstructive pulmonary disease; IBD, inflammatory bowel disease; CHEF,
congestive heart failure; ASA, American Society of Anesthesiologists.

ventilation could be required for days to weeks while the
patient’s respiratory status is optimized for extubation fol-
lowing surgery. Septic patients may develop acute respiratory
distress syndrome and require low tidal volume ventilation
and early tracheostomy.

THE APACHE Il SEVERITY OF DISEASE CLASSIFICATION SYSTEM

HIGH ABNORMAL RANGE
PHYSIOLOGIC VARIABLE LOW ABNORMAL RANGE
+4 +3 +2 +1 0 +1 +2 +3 +4
. O (@) O O O
TEMPRATURE - rectal (°C) >41" 39°40.97 38.5"38.9” 36"38.4” 34"35.9” 32"39.9” 30"31.9” <29.9"
O O
MEAN ARTERIAL PRESSURE — mm Hg 5760 130159 110.129 70(_1)09 50.69 5(4)9
HEART RATE @) O O O O
(ventricular response) >180 140.139 110.139 70-109 55.69 40-54 <39
RESPIRATORY RATE — o) O O O
(non-ventilated or ventilated) >50 35.49 25-34 12-24 10-11 6.9 <5
OXYGENATION: A-aDOp, or PaO, (mm Hg) O O O O
a. FIO, = 0.5 record A-aDO, >500 150:499 200-349 <200
b. FIO, < 0.5 record only PaO, QPo,>70 | OPO,>61.70 O PO,>56
@) O
ARTERIAL pH >7.7 76.759 7.57.59 7.337.49 7.25-7.32 595
. O O @) (@) @) O
SERUM SODIUM (mMol/Li) >160 160.179 155-159 150-154 130-149 120-129 <110
SERUM POTASSIUM (mMol/Li) ] ) O O O O
>7 66.9 5.5-5.3 3.5-5.4 3-3.4 2.5-2.9 <25
SERUM CREATININE (mg/100ml) @] e} O @) @)
(Double pone score 1 or acute renal failure) 535 23.4 15-1.9 0.6-1.4 <0.6
. O O O O O O
HEMATOCRIT (%) >80 50-59.9 45-49.9 30-45.9 20-29.9 <20
WHITE BLOOD COUNT (total/mm3) O O O @] O
(in 1.000 %) 240 20-39.9 15-19.9 3-14.9 1-2.9 <1
GLASCOW COMA SCORE (GCS)
Score = 15minus acutal GCS
Tcial ACUTE PHYSIOLOGY SCOPE (APS)
Sumof the 12 individual variable points
Setu HCo, (venous mMeol) O O O O O @) @)
(Not preferred, use if no ABGs) >52 41519 32.409 22319 1821g 15.17g <15

AGE POINTS:
Assign points to age

as follows: sufficiency or is immuno copromised assign points
as follows:

AGE(yrs) Points a. for nonoperative or emergency poscoprative
<44 0 patien— 5 points
45-54 2 or
55-64 3 b. for efective postoperative patients — 2 points
65-74 5
=75 6 DEFINITIONS

CHRONIC HEALTH POINTS:

If the patient has a history of severe organ system in-

CAROIOVASCULAR : New York Heart Association
Class IV

RESPIRATORY: Chronic restrictive, obstructive, or
vascular disease resulting in severe exercise restric-
tion, i.e. unable to climb stairs or perform household
dulies; or documented chronic hypoxia, hypercapnia,
secondary polycythemia, severe pulmonary hyperten
sion (> 40mm/Hg), or respirato dependency.

APACHE Il SCORE
Sum of + +

APS points

Age points

Organ Insuficiency or immune-compromised state
must have been evident prior to this hospital admis-
sion and conform to the following critenis.

LIVER Biopsy prowen crihisic and documented portal
hypertension, spidoses of past upper Gl bleeding as
Inbuted to portal hypertension, or prior episodes of
hepatic failure/encephalopathy/coma

RENAL : Receiving crhonic cialysis.

IMMUND COMPROMISED : The patient has received
theraphy that suppresses resistance to infection, e.g.
immumnosuppression, chemotherapy, radiation, long
term of recent high dose streoids, or has a disease
that is sufficiently advanced to suppress resistance to
infection, e.g., Iruhemia, lymphomia, AIDS.

Chronic Health points

Toeal APACHE Il

FIGURE 3.1. The APACHE II severity of disease classification system. (From Knaus WA, Draper EA, Wagner DP, et al. APACHE II: a severity

of disease classification system. Crit Care Med. 1985;13:818-829.)
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In most situations in acute care surgery, the lungs do not
sustain a direct insult with the exception of possible aspiration
pneumonitis during episodes of emesis. Instead, pulmonary
dysfunction occurs as the result of systemic response to infec-
tion or hemorrhagic shock. The lungs appear to be especially
sensitive to the “mediator storm” that occurs in the setting of
SIRS. In states of metabolic acidosis via lactate, diabetic keto-
acidosis, etc., the patient will become tachypneic to develop a
compensatory respiratory alkalosis.

Respiratory decompensation and failure becomes immi-
nent when patients show signs of accessory muscle use, head
bobbing, or nostril flaring. First-line interventions of supple-
mental oxygen via nasal cannula or face mask should occur
immediately. Chest radiograph and auscultation should also
be performed to look for other causes of respiratory difficulty
that could be corrected, such as wheezing and bronchospasm
responsive to bronchodilators or large pleural effusions caus-
ing respiratory compromise. The next step in the majority of
cases is intubation and mechanical ventilation.

RENAL

Renal failure is frequently seen with other comorbidities,
especially diabetes and coronary artery disease, and should
prompt further medical history interrogation. Urinary cath-
eter placement and monitoring of urine output should occur
early in patients with systemic illness. Basic metabolic pan-
els should be reviewed and compared with previous values.
Elevation in blood urea nitrogen (BUN) or creatinine can be
indicative of intravascular volume depletion, which can occur
due to a number of factors including decreased oral intake,
increased vascular permeability, and peripheral vasodilation
depending on the level of systemic inflammation occurring.
Hyponatremia is of significance as it is commonly seen in nec-
rotizing soft tissue infections.

Determination of the function of the renal system is difficult
to perform. Gold standards involve measurements of inulin
clearance. Creatinine is used as a surrogate marker, and various
formulas have been created based on studies of 24-hour cre-
atinine clearance. As such, estimated glomerular filtration rate
(eGFR) presumes that the serum level of creatinine is indicative
of current renal function. However, if renal function is acutely
declining and clearing less creatinine, eGFR would be an over-
estimate of the current function. This would only be revealed in
subsequent serum creatinine level on the following day.

A more accurate indicator of current renal function may
be urine output. A simplified method of conceptualizing urine
output is classifying it as adequate, marginal, inadequate, and
anuric. Urine output of approximately 0.5 mL/kg/h has been
used as acceptable urine production for adults. New-onset
anuria would indicate decompensation as metabolites would
not be actively cleared from the blood.

Interventions for renal dysfunction should be directed
toward resuscitation to a normovolemic state with appropri-
ate mean arterial pressures. Disturbances in potassium, mag-
nesium, and phosphorus should be corrected. Acute renal
failure may necessitate continuous renal replacement therapy,
but this commonly does not need to be performed within the
first hours of presentation unless the patient meets criteria for
emergent dialysis.

ENDOCRINE

Patients with long-standing diabetes mellitus are prone to
have underlying coronary artery disease and chronic kidney
disease, and, as such, their cardiac and renal statuses must be
further investigated. Blood glucoses levels obtained at the time

of presentation may be indicator of systemic inflammation.
Insulin-dependent diabetics who normally have well-
regimented control of their blood glucoses may present with
elevated but not alarmingly high levels or may report requir-
ing higher-than-average units of insulin in the previous
24 hours. Normal blood glucose levels indicate a compensated
or normal state while slightly elevated glucose levels indicate a
partially decompensated state.

Extremely elevated glucose levels are indicative of a decom-
pensated state, as seen in diabetic ketoacidosis and nonketotic
hyperosmolar hyperglycemia. Both states of decompensation
must be treated with volume resuscitation and intravenous
insulin drips. Concerning hyperkalemia will frequently lead
to hypokalemia with the aforementioned interventions. While
debate exists surrounding the exact range of blood glucose lev-
els that are ideal, glycemic control should be implemented as
hyperglycemia is associated with worse outcomes.

Patients with conditions requiring chronic oral steroids,
that is, prednisone, are at risk of acute adrenocortical insuf-
ficiency. In patients who are already at risk for developing sep-
tic shock, it is extremely difficult to differentiate sepsis and
adrenal insufficiency. Adrenocorticotropic hormone stimula-
tion test with cosyntropin takes hours to perform correctly.
If necessary, testing can be performed at a later time when it
is certain that the patient is stabilized. Patients are presum-
ably in a compensated adrenal state unless they have inex-
plicable hemodynamics that appear to be refractory to both
intravenous fluids and vasoactive medications. Patients with
this decompensated picture may have a history of chronic ste-
roid use, but this is not a prerequisite for developing acute
adrenocortical insufficiency. In this patient population, treat-
ment with IV hydrocortisone 100 mg every 6-8 hours empiri-
cally should be given if there is concern for adrenocortical
insufficiency.

NEUROLOGIC

Altered mental status or delirium may be a sign of systemic
inflammation or bacteremia. Altered mental status can be the
only presenting symptom in bacteremic elderly patients, as is
frequently seen in urinary tract infections and urosepsis. In
most cases, a family member or medical power of attorney will
be able to describe the patient’s neurologic baseline. Patients
who are not alert and oriented to their baseline level are neu-
rologically decompensated. Interventions may include keeping
a family member or staff at bedside to reorient the patient,
antipsychotic medications for agitated patients who will not
reorient, and intubation for the obtunded patient not protect-
ing his or her airway.

HEMATOLOGIC

Systemic inflammation usually results in leukocytosis and
possibly the presence of bands on the peripheral smear but
on occasion will result in a depressed WBC count. These
changes might not be seen in a patient on chemotherapeutic
agents or immunosuppressive medications (transplant patients
or patients with autoimmune disorders such as rheumatoid
arthritis). Questions to patients should focus on family or
personal history of bleeding or clotting disorders and medica-
tions with anticoagulant or antiplatelet properties, specifically
warfarin, clopidogrel, and aspirin. Unexpected elevation in
international normalized ratio (INR) should prompt investi-
gation into liver disease, especially if the platelet count is on
the lower end of normal or frankly thrombocytopenic. Hemo-
globin and hematocrit levels on the high end of normal may
further suggest intravascular volume depletion.
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Therapeutic intervention should be geared toward main-
taining an acceptable hemoglobin and hematocrit, platelet
count, and INR. Packed red blood cell transfusion may be
indicated, understanding that volume resuscitation may also
contribute to low hematocrit levels through dilution. Platelet
counts should be kept above 50K in the perioperative setting
and periprocedural settings for interventional radiology or
endoscopy. Elevated INR can be corrected with fresh frozen
plasma and/or intravenous phytonadione (vitamin K) depend-
ing on timing of interventions.

HEPATIC AND METABOLIC

In obtaining information from a patient, one must query recent
weight loss or weight gain and alcohol history, both current
and remote alcohol use. Recent unexpected weight loss may
cue the surgeon into the duration of the disease process at hand
or the presence of another medical problem. Correlating this
to an albumin level will give the surgeon an indication to the
nutritional status of the patient, which is useful in determining
how well a patient will recover from an operation. Prealbu-
min level gives a better picture of the nutritional status as it is
not affected by liver dysfunction, but this laboratory value is
not always readily available in most institutions. Unexpected
weight gain should prompt investigation into worsening car-
diac, renal, or hepatic function.

A considerable alcohol history should focus attention on
determining if the patient has cirrhosis. While there are numer-
ous causes of cirrhosis and liver damage, alcohol intake is the
most common cause within the United States. On physical
exam, one may palpate an enlarged liver or spleen, note a fluid
wave on abdominal exam, or find peripheral musculoskeletal
wasting with abdominal protuberance. Jaundice may be pres-
ent, but jaundice without other exam findings generally does
not occur. Laboratory findings may include thromobocyto-
penia or a platelet count on the lower spectrum of normal,
elevated prothrombin time (PT) and INR, elevated bilirubin,
low albumin, and low sodium. Along a spectrum of acute
hepatic dysfunction, patients may have elevated ammonia lev-
els, elevated PTs, and in severe cases, elevated lactate levels.
Aside from correcting laboratory abnormalities, cirrhosis is
an important comorbidity in the management of acute care
surgery patients as it portends to higher risks of morbidity and
mortality regardless of surgical intervention.

When presented with a patient, the surgeon must perform a
systematic evaluation to determine the level of insult the patient
is experiencing (from localized inflammation to septic shock)
and the comorbid conditions of the patient. This knowledge
allows one to ascertain the degree to which the patient is com-
pensating and the physiologic reserve for further compensa-
tion or insult. The surgeon can then take this information into
consideration when determining how to manage the various
problems that are presented in acute care surgery. Depending
on the nature of the surgical emergency, it may be prudent
to delay surgery while hematologic and volume abnormalities
are corrected. However, for many surgical emergencies (e.g.,
life-threatening hemorrhage and ischemic bowel), this is not
an option, and efforts to correct abnormalities should occur
simultaneous to emergent surgical interventions.

MEDIATORS OF INJURY

Discussion of the pathophysiology of acute care surgery would
not be complete without mention of mediators. The disease
processes that present to the acute care surgeon are varied
from the hemorrhage-reperfusion physiology seen with gastro-
intestinal bleeds to overt sepsis seen with necrotizing fasciitis.

Pattern recognition receptors allow for signaling through
both pathogen-associated and danger-associated molecular
patterns. The Toll-like receptors bind a variety of exogenous
ligands including flagellin from bacterial flagella and lipo-
teichoic acid and lipopolysaccharide (LPS) of gram-positive
and gram-negative bacteria cell walls, respectively. Toll-
like receptor 4 (TLR4) recognizes LPS and mediates signal-
ings seen in overt gram-negative sepsis. LPS-TLR4 signaling
leads to degradation of inhibitor of kB. This releases NF-«B,
allowing its transport into the nucleus and up-regulating the
transcription of a multitude of genes involved in innate and
adaptive immunity, including cytokine production. TLR4 rec-
ognizes endogenous molecules including high-mobility group
box 1 (HMGB1), a nonhistone nuclear protein that peaks in
the blood within minutes of sterile injury. Elevated levels of
HMGB1 have been associated clinically with weight loss, food
aversion, and shock.

At the level of microvasculature, multiple changes occur.
With hemorrhage and reperfusion, endothelial cells undergo
uncoupling of the mitochondrial electron transport chain.
Cytochrome ¢ generates reactive oxygen species. In the set-
ting of low flow and relative hypoxic conditions, xanthine
oxidoreductase that normally reduces nicotinamide adenine
dinucleotide to nicotinamide adenine dinucleotide phosphate
is posttranslationally modified to become xanthine oxidase.
With reperfusion, superoxide and hydrogen peroxide are gen-
erated. Endothelium also generates nitric oxide (NO) through
the enothothelial NO synthase in response to a variety of
stimuli including hypoxia, cellular injury, or endotoxin. NO
causes vascular dilation and reduction in platelet adhesion
and aggregation. Up-regulation of the inducible NO synthase
isoform in multiple cell types may contribute to the excessive
vasodilation seen in septic shock and also contribute to end
organ injury in hemorrhagic shock.

At the site of injury, platelets are activated, releasing a
variety of factors including serotonin, platelet activating fac-
tor, prostaglandin E,, and thromboxane. Platelet activation
leads to clot formation and chemoattraction of neutrophils
and macrophages. Endothelium undergoes up-regulation of
intercellular adhesion molecule-1 (ICAM-1) when exposed to
the cytokines tumor necrosis factor-o. (TNFa) or interleukin
1 (IL1). The presence of ICAM-1 on endothelium allows for
binding by beta-integrin on leukocytes that can then migrate
into the surrounding tissue to the site of injury.

As cytokine production increases at the site of injury, they
begin to act systemically. TNFa rises early in inflammation
and induces glucocorticoid release, cachexia, and muscle
catabolism. IL1 also peaks early in inflammation. One of its
clinically distinguishable effects is the production of pros-
taglandins in the anterior hypothalamus resulting in fever.
IL6 has longer half-life in circulation than TNFa or IL1 and
induces the production of acute phase proteins (e.g., C-reac-
tive protein) by the liver as well further inducing neutrophil
activation. Simultaneous to proinflammatory response, some
cytokines function to dampen and control inflammation.
IL10 is known to attenuate the inflammatory response to
TNFa.

While cytokine levels or profiles currently are not part of
clinical practice, studies have been performed in recent years
to investigate their utility. One investigation in adult appendi-
citis (85 patients) found elevated WBC, CRP, IL6, and IL10
when comparing patients who had appendicitis with those
who had negative surgical explorations. In pediatrics, one
study involved 105 patients admitted with presumed appen-
dicitis and observed for 6 hours before undergoing appendec-
tomy. The highest specificity was in patients who had both
leukocytosis and elevated IL6. Multiple studies in the ensuing
years will need to be performed before cytokine levels become
part of accepted clinical practice.
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CHAPTER 4
SURGERY

JEREMY M. HSU AND RONALD V. MAIER

SHOCK STATES IN ACUTE CARE

Shock is the clinical end result of inadequate tissue perfusion.
The currently accepted concept was first described in 1918 by
Walter B. Cannon.! There are multiple causes of shock; how-
ever, the common pathway is an imbalance in oxygen delivery
and utilization, and ultimately cellular dysfunction. Cellular
hypoxia induces the production of inflammatory mediators
that may further compromise tissue perfusion through changes
in the microvasculature. If this vicious cycle is not interrupted,
multiorgan failure (MOF) and death result.? The clinical mani-
festations of shock are due to the autonomic neurohumoral
responses to hypoperfusion and the resulting organ dysfunction.

This chapter describes the pathogenesis of shock and
discusses the diagnostic and therapeutic options in current
management.

PATHOGENESIS AND ORGAN
RESPONSE TO SHOCK

At the cellular level, shock results in cellular hypoxia. Ini-
tially, the injury to cells is reversible; however, if it is not cor-
rected, cell death ensues. The hallmarks of reversible injury are
reduced oxidative phosphorylation with subsequent depletion
of energy stores in the form of adenosine triphospate (ATP)
and cellular swelling caused by failure of the sodium pump.
In addition, massive influx of calcium occurs due to failure
of the calcium pump, causing mitochondrial dysfunction.
When injury becomes irreversible, the plasma membrane is
disrupted; lysosomal enzymes enter the cytoplasm and digest
the cell, resulting in necrosis.

Cellular hypoxia also predisposes to reperfusion injury,
where new damaging processes are set in motion, causing the
death of cells that might have recovered otherwise. Increased
amounts of reactive oxygen and nitrogen species are generated
from parenchymal and endothelial cells as well as infiltrating
leucocytes.’ These free radicals may be produced as a result
of mitochondrial damage and incomplete reduction of oxygen.
Endogenous cellular antioxidant mechanisms are compro-
mised, favoring the accumulation of free radicals. Increased
calcium may also enter the reperfused cells, damaging mito-
chondria and producing further free radicals. Hypoxic cells
produce cytokines and increased expression of adhesion mole-
cules, which recruit circulating neutrophils to reperfused tissue.
The resulting inflammation generates additional tissue injury.
Activation of the complement system also contributes to reper-
fusion injury. Select IgM antibodies are predisposed to deposit
in hypoxic tissue, and when blood flow is resumed, comple-
ment proteins bind to the deposited antibodies, thus causing
activation and subsequent inflammation and cell injury.

Cardiovascular Response

Decreased tissue perfusion results in the release of epineph-
rine and norepinephrine from the adrenal medulla due to
decreased afferent impulses from the arterial baroreceptors.
Systemic vascular resistance (SVR) rises to maintain adequate
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perfusion of the heart and brain, at the expense of perfusion to
the skin, kidneys, and, primarily, the gastrointestinal tract via
splanchnic vasoconstriction. This peripheral vasoconstriction
occurs primarily in the arterioles, mediated by al receptors.
However, vasoconstriction also occurs in the precapillary and
postcapillary sphincters and the small veins and venules. This
results in a reduced hydrostatic pressure distal to the precapil-
lary sphincter that leads to reabsorption of interstitial fluid
into the vascular space. This reabsorption functions to restore
intravascular volume and is known as transcapillary refill.
Cardiac output (CO), the product of stroke volume and
heart rate (HR), is a major determinant of tissue perfusion.
Decreased intravascular volume leads to a reduction in ventric-
ular preload, which in turn results in a diminished stroke vol-
ume. Compensation occurs to a degree with an increase in HR.
However, shock also causes a reduction in myocardial compli-
ance, resulting in a decreased ventricular end-diastolic volume
and thus stroke volume at any given ventricular filling pressure.

Neurohumoral Response

Sustained compensatory mechanisms exist to restore intravas-
cular volume, maintain central perfusion, and mobilize meta-
bolic and osmotic substrates. Disinhibition of the vasomotor
center results in increased adrenergic output and decreased
vagal activity. Decreased renal blood flow leads to renin
release. Renin induces the formation of angiotensin I, which is
then converted to angiotensin II. This is a potent vasoconstric-
tor and stimulates aldosterone release by the adrenal cortex.
Aldosterone contributes to restoration of the intravascular
volume by enhancing sodium reabsorption in the cortical col-
lecting duct, in exchange for potassium and hydrogen. Hypo-
volemia, as well as an increase in serum osmolarity, leads to
the release of antidiuretic hormone. This has a direct vasocon-
strictive effect on vascular smooth muscle and also increases
reabsorption of water in the distal renal tubule. The periph-
eral vasoconstriction is countered by circulating vasodilators
including prostacyclin and nitric oxide and, more importantly,
the products of local metabolism such as adenosine. This bal-
ance between the various vasoconstrictor and vasodilator
effects determines local perfusion in a deleterious, repeating
hypoxia-reperfusion cycle. Additionally, shock causes release
of stress hormones: ephinephrine, adrenocorticotrophic hor-
mone (ACTH), cortisol, and glucagon. This results in glyco-
genolysis, lipolysis, gluconeogenesis, and insulin resistance
causing a negative nitrogen balance and a high extracellular
concentration of glucose. This increase in glucose acts as a
major osmotic agent for intravascular restitution and anaero-
bic energy supply. Insulin-independent tissues such as the brain
and heart have a substantial increase in glucose utilization.

Pulmonary Response

The pulmonary vascular bed responds to shock much in the
same way as the systemic vascular bed. The relative increase
in pulmonary vascular resistance (PVR), particularly in septic



shock, may exceed that of the SVR, potentially resulting in
acute right heart failure. Shock results in tachypnea that
reduces tidal volume and increases both dead space and minute
ventilation, producing an early respiratory alkalosis. Hypoxia
occurs due to diffuse alveolar damage, resulting in acute lung
injury and subsequent acute respiratory distress syndrome
(ARDS). These disorders are characterized by noncardiogenic
pulmonary edema secondary to widespread pulmonary cap-
illary and alveolar injury. Hypoxemia results from a signifi-
cant ventilation—perfusion mismatch, and lung compliance is
reduced due to loss of surfactant and lung volume, particularly
functional residual capacity, in conjunction with an increase in
intra-alveolar and interstitial edema.**

Renal Response

The kidneys respond to hypoperfusion by conserving sodium
and water, with subsequent decreased urine output. Acutely,
oliguria in the face of hypovolemia represents renal success, not
renal failure. Early aggressive volume replacement has reduced
the frequency of acute renal failure. Acute tubular necrosis is
mostly due to the multifactorial interaction of shock, sepsis,
nephrotoxic agents, and rhabdomyolysis. These toxic insults
cause necrosis of tubular epithelium and tubular obstruction
by cellular debris with back-leak of filtrate. Prolonged renal
hypoperfusion results in a depletion of renal ATP stores with
subsequent impairment of renal function and ultimate failure.

Inflammatory Response

The progression of shock is influenced by activation of the
innate immunoinflammatory system. There is also a simul-
taneous anti-inflammatory response and suppression of the
adaptive immune system in those surviving the initial insult.
Excesses of both proinflammatory and anti-inflammatory
responses are detrimental. An uncontrolled proinflamma-
tory response results in a systemic inflammatory response
syndrome, which may lead to continuing shock and MOE.%”
Excessive anti-inflammatory responses and adaptive immune
suppression increase the susceptibility to secondary nosoco-
mial infections.

The complement cascade is activated by hypoxia and tis-
sue injury, resulting in the generation of anaphylatoxins C3a
and C5a. Direct complement fixation in injured tissues can
progress to the C5-C9 attack complex, resulting in further cell
damage. In addition, concomitant coagulation cascade activa-
tion causes microvascular thrombosis, with subsequent fibri-
nolysis and repeated episodes of ischemic/reperfusion injury.
Thrombin is a potent inflammatory mediator that increases
activation of neutrophils, leading to further microvascular
injury.

The membrane Toll-like receptors are a major source of
monocyte/macrophage activation. These receptors recognize
damage-associated molecular patterns and pathogen-asso-
ciated molecular patterns, which are released following tis-
sue injury and pathogenic microbial organisms. Monocytes
and macrophages are major regulators of the inflammatory
response. Macrophages release proinflammatory cytokines
such as interleukin 1 and 6 and tumor necrosis factor o (TNF-
a). These produce many of the shock features including hypo-
tension, lactic acidosis, and respiratory failure. Interleukin 8 is
a potent neutrophil chemoattractant and up-regulates neutro-
phil adhesion molecules to enhance aggregation, adherence,
and damage to the vascular endothelium.

Eicosanoids, such as prostaglandins, leukotrienes, and
thromboxane A2, are vasoactive and immunomodulatory
products that affect vascular resistance as well as capillary
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permeability. LTB4 attracts neutrophils and stimulates the
formation of reactive oxygen species.

CLASSIFICATION OF SHOCK
STATES

Although the cellular effects of shock are the common path-
way regardless of the primary cause, a classification scheme is
useful to delineate the underlying process. It is important to
note that a combination of two or more causes of shock fre-
quently occurs. The primary importance of classifying the type
of shock lies in the recognition of the precipitating event, and
initiating appropriate therapy to correct this original cause,
while simultaneously carrying out resuscitation. There are five
broad categories of shock as outlined in Table 4.1.

GENERAL APPROACH TO SHOCK

The main priorities when dealing with shock include appropri-
ate monitoring in an intensive care setting, prompt correction
of tissue perfusion, and perhaps most importantly, correction
or treatment of the precipitating cause. Careful and continu-
ous assessment of physiological status and response to therapy
is essential.

Physiologic Monitoring

Physiologic monitoring of the patient in shock commences
with the “vital signs,” and progresses as needed, using increas-
ing technology and invasiveness.

Heart rate is commonly elevated in response to intravascu-
lar volume loss, to maintain adequate CO. This tachy-
cardia becomes pathologic when HR exceeds 120-130
beats per minute. Above this rate, there is insufficient
diastolic time to adequately fill the ventricles, resulting
in decreased stroke volume. A rapid decrease in HR after
a volume challenge can be a useful indicator of hypovo-
lemia. In contrast, bradycardia is associated with severe
physiologic derangement, usually hypoxia and impend-
ing cardiovascular collapse. It is also seen in conjunction
with neurogenic shock, as a result of disruption to the
cardiac sympathetic fibers. Frequent use of beta-blockers
to treat baseline cardiac disease also produces inappro-
priate HR responses.

Blood pressure (BP) is a crude measure of tissue perfu-
sion. Hypotension results in inadequate tissue perfusion;

TABLE 4.1

CLASSIFICATION OF SHOCK STATES

CLASSIFICATION SPECIFIC CLINICAL CAUSES

Hypovolemic Hemorrhage, trauma, third-space
loss (burns, pancreatitis, bowel
obstruction)

Obstructive Pericardial tamponade, tension pneu-
mothorax, pulmonary embolus

Cardiogenic Myocardial infarct, cardiac failure,
arrhythmias, blunt cardiac injury

Distributive sepsis, neurogenic, anaphylaxis

Endocrine Adrenal insufficiency
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however, the exact definition of hypotension is variable,
depending on the individual patient. Elderly patients, in
particular, are frequently hypertensive at baseline and
may not be perfusing tissues adequately at a “normal”
BP. Chronic use of antihypertensives also makes reliance
on BP as a measurement of shock inaccurate. BP may
be measured noninvasively or invasively. Both methods
are subject to dynamic response artifacts that may result
in inaccurate measurements. Obese patients frequently
have unreliable BP measurements due to positioning and
poor cuff compression. Mean arterial pressure (MAP) is
usually consistent, regardless of measurement method
and artifact, and is thus preferred.

Urine output is often decreased in shock in an attempt to

preserve and restore intravascular volume. Oliguria is
one of the earliest signs of inadequate tissue perfusion.
Improvement of urine output is a key monitor for shock
resuscitation.

Temperature may help define etiology of shock and provide

prognostic value. Hypothermia results as an imbalance
between heat loss and the body’s ability to generate and
maintain metabolic energy. Clinically important hypo-
thermia occurs when the core temperature is <35°C.
Hypothermia is associated with an increase in sympa-
thetic drive with resulting peripheral vasoconstriction,
end-organ hypoperfusion, and metabolic acidosis from
anaerobic respiration. In addition, hypothermia may
exacerbate coagulopathy by causing dysfunction of the
intrinsic and extrinsic coagulation pathways, as well as
platelet activity. There is a markedly increased mortality
in shocked patients with hypothermia.®?

Pulse oximetry is a useful method of continuously monitor-

ing arterial oxygen saturation. It utilizes the differential
light absorption characteristics of oxyhemoglobin and
deoxyhemoglobin to calculate the percentage saturation
of oxygenated hemoglobin in blood. Pulse oximetry pro-
vides an indication of the degree of hypoxia as well as the
assessment of oxygen transport balance.'’

Biochemical markers are used to identify shock in early
stages. The biochemical analysis of shock is based on the
shift from aerobic to anaerobic metabolism with a result-
ing increase in lactate production and decreased clear-
ance due to impaired hepatic function.!' Shock is also
associated with a base deficit on arterial blood gas anal-
ysis. The base deficit is defined as the amount of fixed
base or acid that must be added to an aliquot of blood
to restore the pH to 7.40. Any patient with a lactate of
>4mmol/L or a base deficit of 26 mEq/L should be con-
sidered to be in shock until proven otherwise.!?

Invasive Hemodynamic Monitoring

Most patients in the intensive care unit (ICU) may be managed
safely without the use of a pulmonary artery catheter (PAC or
Swan-Ganz catheter).'> However, in those patients with major
ongoing blood loss, fluid shifts and/or underlying cardiac dys-
function, a PAC may be helpful. The current generation of
PACs has been improved from the original catheter allowing
measurement of pulmonary artery pressures, and continuous
hemodynamic and oxygen transport assessment. The PAC is
inserted percutaneously via the subclavian or internal jugular
vein, to lie in the pulmonary artery.

The circulatory system consists of the systemic and pul-
monary vasculature circuits connected in series. Two pres-
sures are generated by each circuit: an outgoing pressure
(MAP or mean pulmonary arterial pressure) and an incom-
ing pressure or preload (pulmonary artery occlusion pres-
sure [PAOP] or central venous pressure [CVP]), respectively.
These pressures can be used to calculate the afterload of
each circuit (SVR or PVR). Therefore, three variables are
measured by the PAC: pressure, volume, and flow. From
these measured variables, a number of calculated variables
may be obtained, which can be useful in guiding resuscita-
tive therapy. Table 4.2 outlines the hemodynamic variables
obtained with a PAC.

TABLE 4.2

HEMODYNAMIC VARIABLES

VARIABLE UNIT NORMAL RANGE
MEASURED VARIABLES
Systolic blood pressure (SBP) mm Hg 90-140
Diastolic blood pressure (DBP) mm Hg 60-90
Systolic pulmonary artery pressure (PASP) mm Hg 15-30
Diastolic pulmonary artery pressure (PADP) mm Hg 4-12
Pulmonary artery occlusion pressure (PAOP) or pul- mm Hg 2-12
monary capillary wedge pressure (PCWP)
Central venous pressure (CVP) mm Hg 0-8
Heart rate beats/min Variable
Cardiac output L/min 4-8
Right ventricular ejection fraction (RVEF) Fraction 0.4-0.6
CALCULATED VARIABLES
Mean arterial pressure (MAP) mm Hg 70-105
(SBP + 2 x DBP)/3
Mean pulmonary artery pressure (MPAP) mm Hg 9-16
(PAS + 2 x PAD)/3
Cardiac index (CI) L/min/m? 2.8-4.2

CO/Body Surface Area (BSA)
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TABLE 4.2

HEMODYNAMIC VARIABLES (Continued)

VARIABLE

UNIT NORMAL RANGE

Stroke volume

CO/HR

Systemic vascular resistance (SVR)
[(MAP - CVP)/CO] x 80

Pulmonary vascular resistance (PVR)
[(MPAP - PAOP)/CO] x 80

Left ventricular stroke work (LVSW)
SV(MAP - PAOP) x 0.0136

Right ventricular stroke work (RVSW)
SV(MPAP - CVP) x 0.0136

Right ventricular end-diastolic volume index
(RVEDVI)
SVI/RVEF

ml/beat 50-100

dyn-s-cm 700-1,600

dyn-s-cm™ 20-130
gm 60-80
gm 10-15
mL/m? 60-100

Preload optimization is essential in the initial resuscitation
of all forms of shock. CVP and PAOP are commonly used to
estimate preload. The Frank-Starling law defines preload in
terms of myocardial fibril length at end diastole. As this is not
measureable, several assumptions are made to utilize PAOP
to assess the preload of the left ventricle. First, left ventricular
end-diastolic volume is assumed to be proportional to myofi-
bril length. Second, assuming that ventricular compliance is
constant, end-diastolic volume is equal to end-diastolic pres-
sure. Third, assuming that mitral valve function is normal, left
ventricular end-diastolic pressure is equal to mean left atrial
pressure (LAP). Fourth, properly transduced PAOP is equal
to LAP. Similar assumptions are applicable to the use of CVP
in estimating preload status of the right ventricle. While indi-
rectly a surrogate for intravascular volume, overall these pres-
sures correlate poorly with volumes.'* In addition, many of
these assumptions are invalid in the critically ill patient due
to changes in ventricular compliance, contractility, and intra-
thoracic pressures. Therefore, the trend (rather than absolute
values of PAOP and CVP measurements) in response to thera-
peutic interventions is more useful and valid.

With the improvement in technology, current-generation
PACs also allow a volumetric, as opposed to pressure-based,
estimate of intravascular volume status. The right ventricular
end-diastolic volume index (RVEDVI) is an accurate indicator
of the effect of right ventricular preload on ventricular volume
and thus output. Use of RVEDVI is significantly more accurate
than PAOP or CVP in estimating cardiac preload and has been
associated with a decrease in mortality and MOF when used
in part as an end point of resuscitation.'>!

There is ongoing debate as to the utility and safety of PACs.
A multicenter study in a mixed ICU population suggested that
the use of a PAC was associated with an increased mortality.'
Also, several studies have suggested that there is no advantage
to using a PAC versus a CVP monitor in the treatment of a
mixed population of patients with adult respiratory distress
syndrome.” As a result, additional methods of volumetric
preload assessment have been developed. Lithium dilution
cardiac output (LiDCO) is a noninvasive method for measur-
ing CO. It requires only an arterial pressure catheter and a
central venous catheter. Lithium dilution is used to calibrate a
pulse pressure algorithm, which allows continuous CO assess-
ment.?’ Although comparable with PACs, the LiDCO method
does not allow continuous assessment of oxygen transport.

The major problem is the loss of reliability in the acutely
unstable patient.

In addition to measurements of CO, indicators of preload
responsiveness including systolic and pulse pressure varia-
tion (SPV and PPV) can be obtained. These variations have
been derived from observations in mechanically ventilated
patients, where cyclical changes due to respiration are induced
in the vena cava, pulmonary artery, and aortic blood flow.
It is important to note that these arterial pressure variations
are not an indicator of volume status, nor a direct marker
of cardiac preload. Rather, SPV and PPV are indicators of
the position on the Frank-Starling curve. Patients on the flat
portion of the curve are insensitive to cyclical changes in pre-
load induced by mechanical ventilation. Conversely, arterial
pressure variations are increased in patients who are on the
steep portion of the preload curve.?"?> Thus, a PPV of >12%
or SPV >5mm Hg is indicative of preload responsiveness and
need for increased intravascular volume.?** The variables
obtained by this method can be affected by aortic regurgi-
tation, cardiac arrhythmia including tachycardia, irregular
breathing, damped arterial line, or marked peripheral arterial
vasoconstriction.

Esophageal Doppler ultrasound and transesophageal echo-
cardiography have also been utilized in the hemodynamic
assessment and monitoring of critically ill patients.”* These
modalities provide information about global and ventricular
function of the heart. End-diastolic volume may be assessed
and has been shown to be more accurate than PAOP in the
estimate of optimal preload status. Again, while these meth-
ods are comparable to several measurements obtained with
PAC use, they do not allow continuous assessment of cardio-
pulmonary function and provide only a “snapshot” view of a
complex, potentially rapidly changing physiology. In addition,
these methods suffer the common problem of noninvasive
monitors in that the algorithms and validation studies have
been performed in relatively healthy patients. Algorithms used
to calculate CO and stroke volume may be flawed in critically
ill patients with severe shock.

Invasive Oxygen Transport Monitoring

In addition to the hemodynamic variables obtained with
the PAC, determination of oxygen content in arterial and
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venous blood, together with CO and hemoglobin concentra-
tion, allows calculation of oxygen delivery, oxygen consump-
tion, and oxygen-extraction ratio. The shock state induces
an imbalance between oxygen demand and oxygen supply,
resulting in anaerobic metabolism, lactic acidosis, and cell
death. Table 4.3 outlines the oxygenation variables that may
be obtained.

The assessment of oxygen transport begins with the cal-
culation of oxygen content in blood. The majority of oxygen
is bound to hemoglobin (>98%). Less than 2% is dissolved
in plasma due to oxygen’s low solubility coefficient. Delivery
of oxygen to the tissues is highly dependent upon the hemo-
globin concentration as well as the ability of red blood cells
to unload oxygen, which is dependent on the 2,3-diphos-
phoglycerate (2,3 DPG) content and its loss during blood
banking storage. Oxygen delivery (DO,) and consumption
(VO,) may be calculated by utilizing cardiac index (CI),
arterial oxygen content (CaO,), and mixed venous oxygen
content (CvO,).

The oxygen content in the pulmonary end capillary is at
its highest, as none of the oxygen has been consumed by
the tissues or diluted by unsaturated blood. As the blood
leaves the heart, the oxygen content is reduced due to
introduction of unsaturated blood from three sources. The
first is bronchial blood, which empties into the pulmonary
veins. The second is intrapulmonary shunt, which may be
significantly higher in those patients with pulmonary dys-
function or in shock. The third is venous blood from the
thebesian veins, which drain directly into the left ventricle
after supplying the myocardium. Therefore the arterial O,
concentration can be calculated as the amount of oxygen

bound to arterial hemoglobin + oxygen dissolved in arte-
rial plasma.

After extraction of oxygen by the tissues, the blood is
returned to the heart. The partial pressure of mixed venous
oxygen tension (PvO,) can be measured by a venous blood
gas or via the intra-atrial port of the PAC. The venous oxygen
content of blood as it returns to the heart is calculated as the
amount of oxygen bound to venous hemoglobin + oxygen dis-
solved in venous plasma.

The difference between arterial and venous oxygen
content (CaO, - CvO,) represents the amount of oxygen
extracted by the tissues, It is often elevated in shock due to
increased oxygen demands and decreased oxygen delivery. A
CaO, - CvO, of >5.5 mL O,/dL or >35% suggests that CO is
inadequate to optimally meet cellular oxygen demands.? Ide-
ally, adequate resuscitation should generate a mixed oxygen
saturation of >0.70.

As seen in the calculation for oxygen delivery, an impor-
tant factor is hemoglobin concentration. Previously, it was
thought that a hemoglobin concentration of 10-13 g/dL was
optimal for oxygen delivery; however, recent studies have sug-
gested that transfusion to this level provides no benefit in crit-
ically ill patients and is associated with a decrease in survival.
A hemoglobin concentration of <7-8 g/dL is recommended
as the level required to trigger a blood transfusion, in the
absence of recent acute myocardial infarct, unstable angina,
or ongoing blood loss.? Blood transfusion to maximize
oxygen delivery must be balanced against the potentially
harmful effects and increased risks of infection, immunosup-
pression, and organ failure associated with transfusion of

banked blood.

TABLE 4.3

OXYGEN TRANSPORT VARIABLES

VARIABLE UNIT NORMAL RANGE
MEASURED VARIABLES
Arterial oxygen tension (PaO,) mm Hg 70-100
Arterial carbon dioxide tension (PaCO,) mm Hg 35-50
Arterial oxygen saturation (Sa0O,) fraction 0.93-0.98
Mixed venous oxygen saturation (SvO,) fraction 0.70-0.78
Mixed venous oxygen tension (PvO,) mm Hg 36-42
Hemoglobin (Hb) g 13-17
CALCULATED VARIABLES
Oxygen delivery (DO,) mL/min 800-1,600
Ca0, x COx 10
Oxygen consumption (VO,) mL/min 150-400
(Ca0, - CvO,) x CO x 10
Arterial oxygen content (CaO,) mLO,/dL blood 16-22
(1.34 x Hb x Sa0,) + (PaO, x 0.0031)
Mixed venous oxygen content (CvO,) mLO,/dL blood 12-17
(1.34 x Hb x SvO,) + (PvO, x 0.0031)
Arteriovenous O, difference mLO,/dL blood 3.5-5.5
Ca0, - GvO,
Oxygen extraction ratio (O,ER) Fraction 0.22-0.32

[1-(VO,/DO,)




GENERAL SHOCK TREATMENT
PRINCIPLES

There are three priorities in the treatment of shock. First, the
diagnosis and underlying cause of shock must be diagnosed
and corrected. Second, resuscitation for shock must rapidly
restore tissue perfusion and optimize oxygen delivery, hemo-
dynamics, and cardiac function. Third, end-organ failure must
be prevented or function supported. Often, resuscitation will
be initiated prior to or simultaneously with identifying the
underlying etiology.

For resuscitation, a reasonable goal of therapy is to achieve
normal mixed venous oxygen saturation and arteriovenous
oxygen-extraction ratio, while simultaneously, the elevated
SVR should return to normal. Oxygen delivery may be
enhanced by improving hemoglobin concentration, arterial
oxygen saturation and CO, individually or simultaneously.?”
An algorithm for 'the resuscitation of the shocked patient is
shown in Algorithm 4.1.
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Fluid Therapy for Shock

A decreased CVP and oxygen delivery were key features noted
in the early investigations of hemorrhagic shock, and a pro-
longed decrease in oxygen delivery led to a reduction in oxy-
gen consumption. After successful fluid resuscitation, oxygen
delivery and consumption increased above baseline for several
hours. Failure of the patient to achieve this adequate response
to resuscitation was almost universally fatal. Thus, restora-
tion of hemodynamics and oxygen transport with fluid and
inotropes became the primary paradigm of shock treatment.
However, it is important to note that excessive use of either
modality has been shown to be detrimental to patient out-
comes and survival.

It was noted by Shires et al. that additional fluid replace-
ment beyond the actual amount of blood loss, due to ongoing
interstitial “third spacing” loss, was required to improve out-
comes in hemorrhagic shock.?$?° These data led to the appro-
priate practice of aggressive, early fluid resuscitation. However,
over time, complications from excessive fluid therapy began
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ALGORITHM 4.1

ALGORITHM 4.1 An algorithm for shock resuscitation. (VS, vital signs; CVP, central venous pressure; HCt, hematocrit; ECHO, echocar-
diogram; PAC, pulmonary artery catheter; CI, cardiac index in (L per minute) per m?* PCWP, pulmonary capillary wedge pressure inmm Hg;
RVEDVI, right ventricular end-diastolic volume index.)
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to appear, such as ARDS, abdominal compartment syndrome,
and detrimental elevations in intracranial pressures. Currently,
resuscitation volumes have become more judicious, and earlier
use of blood components is advocated.

Crystalloids are balanced salt solutions widely used as
resuscitative fluids. They restore the extracellular volume,
decreasing the transfusion requirement after hemorrhagic
shock and restoring adequate volume in most cases. Crys-
talloids are inexpensive and readily available. Lactated
Ringer’s solution is isotonic and rapidly replaces the loss
of interstitial fluid, without worsening any pre-existing
electrolyte abnormality. However, recent investigations
have identified the proinflammatory effects of lactated
Ringer’s solution containing the D(-) isomer of lactate
found in some commercial forms of lactated Ringer’s. D(-)
lactate has been shown to increase neutrophil adhesion
and increase production of reactive oxygen species.’®3!
These adverse effects of crystalloid resuscitation are not
found with L(-) lactate isomer formulations. In addition,
lactated Ringer’s contains potassium and must be used
cautiously if renal function is impaired or unknown.*?
Normal saline solution is also effective in the resuscita-
tion of shocked patients. Large-volume administration
of normal saline, though, is associated with a hyperna-
tremic, hyperchloremic metabolic acidosis. This acidosis
complicates the resuscitation of the critically ill patient.

Colloids theoretically remain in the intravascular space for
a longer period compared with crystalloids, due to the
increased molecular size. Commonly used colloids include
albumin, modified fluid gelatin, dextran 70, dextran 40,
and hydroxyethyl starch. Despite widespread use since the
early 20th century, there has been no demonstrated ben-
efit to colloid use.’® In fact, colloid albumin infusion has
been shown to increase mortality as well as prolong the
resuscitation phase and delay postresuscitation diuresis.
Albumin may also depress circulating immunoglobulin
levels and reduce endogenous albumin synthesis. Given
the lack of benefit and increased cost, colloids cannot be
recommended in the current management of shock.*

Pharmacological Support

Pharmacological agents affecting preload, cardiac contractility,
and afterload can be of major benefit in the treatment of shock.
Importantly, optimal intravascular restoration must always pre-
cede cardiac augmentation. Inotropic support may be required
when adequate preload fails to provide sufficient CO to meet
tissue oxygen demands.> Pressor support may be required when
the systemic vasculature is abnormally dilated with a resulting
diminished SVR, as seen particularly with hyperdynamic sep-
tic shock. The effect of inotropes and pressors is dependent on
the specific adrenergic receptor affinity (Table 4.4). In cases of
primary cardiac dysfunction, vasodilators can reduce cardiac
oxygen demand by reducing afterload and/or by dilating the
venous system and reducing preload. Afterload reduction may
preserve stroke volume in the failing myocardium, whereas pre-
load reduction may relieve pressure-driven pulmonary edema.
Dopamine is a naturally occurring catecholamine that is
a precursor of epinephrine. Its affinity for various adrenergic
receptors is dose dependent. Low-dose dopamine was shown
to augment renal blood flow and glomerular filtration rate
in healthy subjects, but multiple studies have failed to dem-
onstrate that low-dose dopamine prevents acute renal failure
in critically ill patients.** At moderate doses, dopamine has
mainly beta effects and primarily improves cardiac contractil-
ity, but at the expense of increased HR. Higher doses stimulate
alpha receptors resulting in an increase in peripheral vascular
resistance, BP, and oxygen consumption by the myocardium.

Dopamine must be carefully titrated in each patient due to the
variable dose-dependent affinity for adrenergic receptors.

Dobutamine is a synthetic catecholamine that predomi-
nantly affects beta receptors. When its chronotropic effects are
minimal, the inotropic effects of dobutamine have little effect on
myocardial oxygen demand because it also induces peripheral
vasodilatation. However, this decrease in SVR limits its utility
in patients with risk of hypotension. Dobutamine is an excellent
agent if cardiac augmentation is required to optimize oxygen
delivery once intravascular volume has been function supported.

Epinephrine is released physiologically in response to stress.
Beta effects predominate at pharmacological doses, resulting in
increased stroke volume, cardiac contractility, and noteworthy
tachycardia, with peripheral vasodilatation. At higher doses,
alpha-adrenergic receptors are stimulated with subsequent
vasoconstriction and increased myocardial oxygen demand. In
addition, cardiac arrhythmias and renal and splanchnic vaso-
constriction all limit the prolonged use of high-dose epinephrine.
It should be considered as a short-term agent in patients with
refractory cardiac dysfunction not responsive to other agents.

Norepinephrine has both alpha and beta receptor effects;
however, it is predominantly an alpha-adrenergic agonist.
Combined alpha and beta stimulation typically results in an
increase in afterload and glomerular perfusion pressure, with
preservation of CO. It has been shown to be of most ben-
efit in septic patients.’” Adequate volume resuscitation must
occur prior to use, due to the risk of tissue hypoperfusion from
excessive vasoconstriction in the hypovolemic patient.

Isoproterenol is a synthetic catecholamine with major beta-
adrenergic effects. Chronotropy may predominate over its
inotropic effects. In conjunction with the peripheral vasodi-
latation, CO and pulse pressure increase. Myocardial oxygen
demand is greatly increased, and the tachycardia limits coro-
nary filling. As a result, isoproterenol should be considered
only in those patients with hemodynamically important bra-
dycardia, as a temporizing agent before electrical pacing.

Phenylephrine has pure alpha effects and thus increases
peripheral vascular resistance. This increase in afterload
increases cardiac workload and may cause a decrease in CO
and stroke volume. It may be considered as a first-line agent
for patients with neurogenic shock; however, its use is gen-
erally restricted to patients who require pressor support and
cannot tolerate other agents such as dopamine and norepi-
nephrine due to excessive tachycardia.

Vasopressin is released physiologically in shock. It acts on
V1 receptors in vascular smooth muscle to cause vasoconstric-
tion and increase receptivity to catecholamines. Endogenous
vasopressin levels are decreased after prolonged hemorrhagic
or septic shock. This relative deficiency may explain refractory
hypotension in those shock states. In patients with septic shock,
it is effective in increasing peripheral resistance and MAP.
Vasopressin has no inotropic effects. It should be used at physi-
ological doses to minimize associated pressor requirements.

Amrinone and milrinone are steroid-like phosphodiesterase
antagonists, which increase smooth muscle cyclic adenosine
monophosphate (¢cAMP) and alter calcium metabolism. Ino-
tropic effects predominate with minimal positive chronotropy.
The risk for vasodilatation and aggravation of hypotension
is significant. The increase in CO with minimal demands on
myocardial oxygen consumption offers some utility in the
treatment of cardiogenic shock. Both agents have a long half-
life of nearly 3 hours and thus should be used with caution in
patients at risk of developing hypotension.

Nitroprusside is a potent arterial and venous smooth mus-
cle vasodilator of very short duration. Afterload is reduced,
leading to an increase in CO and stroke volume. Hypotension
may limit its use, particularly in cases of inadequate preload.
Nitroprusside use for more than 48 hours requires monitoring
of serum thiocyanate levels and arterial pH to detect complica-
tions of cyanide toxicity.
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Section 1: Fundamental Principles

Nitroglycerin predominantly affects the venous capaci-
tance system. It is an effective treatment for acute myocardial
ischemia, as it reduces excessive preload and ventricular end-
diastolic pressure, thereby reducing myocardial oxygen demand.

END POINTS OF SHOCK
RESUSCITATION

Resuscitation is an ongoing process, which requires constant
assessment and modification dependent on the patient’s
response to therapy. End points can be categorized as either
global or regional indicators of perfusion.>® While BP and HR
are commonly used global measures, they are relatively poor
determinants of tissue oxygenation. Patient age and pre-exist-
ing medical conditions are frequent confounding influences.
Mixed venous oxygen saturation (SvO,) can be measured
continuously with a PAC. The continuously measured SvO,
correlates well with oxygen extraction ratios calculated by labo-
ratory measurements of arterial and mixed venous oxygen satu-
ration, hemoglobin concentration, and CO.* SvO, is a global
indicator of oxygen supply—demand balance but does not indi-
cate the adequacy of perfusion of any individual vascular bed.
A low SvO, (<0.65) always indicates an unfavorable imbal-
ance in the delivery and consumption of oxygen. A high SvO,
(>0.78) may exist in conditions of inadequate utilization such as
sepsis, pregnancy, cirrhosis, and inflammation and is difficult to
interpret. It implies a maldistribution of peripheral blood flow.
There may be vascular areas of oxygen delivery in excess of
consumption, but may be in conjunction with other areas of
inadequate oxygen delivery. Therapeutic interventions should
be aimed toward achieving an SvO, of approximately 0.7.%
Arterial lactate concentrations increase in conditions of
shock, but can be misleading. The shift from aerobic to anaer-
obic metabolism causes accumulation of hydrogen ions and
lactate, resulting in acidosis and cellular death. However, an
elevation in lactate may be due to several mechanisms. Ongo-
ing anaerobic metabolism and decreased lactate metabolism
due to hepatic and/or renal hypoperfusion increases lactate
levels. Lactate may accumulate in tissues during periods of
hypoperfusion and wash out into the central circulation when

perfusion to these relatively hypoxic tissues is restored. Exces-
sive lactate production may occur in tissues that depend on
glycolysis for energy production despite adequate oxygen deliv-
ery. Elevated serum lactate levels are not specific in detecting
abnormal regional perfusion, and may also reflect “washout”
from anaerobic tissues caused by a period of hypoperfusion
that has already resolved. Importantly, a positive response
toward correction during resuscitation is associated with a
better prognosis.*'**> However, “normal clearance” of lactate
is controversial. The half-life of lactate in patients with normal
renal and hepatic function is estimated between 2 and 4 hours.
In the presence of shock, the half-life may be significantly lon-
ger. Aggressive resuscitation may result in a slight increase in
lactate due to peripheral washout. This should generally cor-
rect early, and the trend should be a steady decrease.*

Base deficit predicts fluid resuscitation requirements, similar
to lactate, but normalizes rapidly with restoration of aerobic
metabolism, making it a useful end point for guiding resuscita-
tion.** The magnitude of base deficit is a predictor of mortal-
ity in trauma patients.** As with lactate, the base deficit trend
toward normal should be the intended goal of resuscitation.

The splanchnic circulation is affected early and most impor-
tantly in shock. Gastric tonometry has been used to measure
intramucosal pH, because of loss of buffering capacity provided
by the extensive submucosal blood flow, and thus provides infor-
mation about a single vascular bed.* Increasing intramucosal
acidosis indicates inadequate oxygen delivery to the intestinal
mucosa and thus may be used to guide resuscitation.* However,
the logistic difficulty of the technology and interpretation of the
data has restricted the widespread use of this method.*”

FEATURES AND MANAGEMENT
OF SPECIFIC FORMS OF SHOCK

Although, the end result of impaired tissue perfusion is com-
mon to all forms of shock, specific treatment options exist for
specific shock states. The hemodynamic patterns seen with
specific forms of shock are shown in Table 4.5. Early recogni-
tion of these patterns helps identify the underlying etiology.

TABLE 4.5

HEMODYNAMIC PATTERNS FOR SHOCK TYPES

TYPE CcO SVR PAOP Cvp SVO,
Hypovolemic 4 T 4 4 4
Cardiogenic

Left ventricular MI A} T T N, T A}

Right ventricular MI \ T N, | T \
Obstructive

Pericardial tamponade 4 T T T 4

Pulmonary embolism 4 T T T A}
Distributive

Early N, {1 N, 1 N N,T N, T

Early after fluid T ) N,T N,T N,

administration

Late s T N N 1
Hypoadrenal A} N, | T, 1 T, 1 A}

CO, cardiac output; SVR, systemic vascular resistance; PAOP, pulmonary artery occlusion pressure; CVP,
central venous pressure; SvO,, mixed venous oxygen saturation; MI, myocardial infarction; N, normal.




Hypovolemic Shock

The most common form of shock results from loss of red cell
mass and plasma, or the loss of plasma volume alone. Physi-
cal findings stem from the cardiovascular and neurohumoral
responses to shock. The signs include cold, clammy skin,
tachycardia, hypotension, oliguria, and impaired mentation.
Hypovolemic shock can be stratified into four classes depend-
ing on the degree of volume loss (Table 4.6).

The condition is readily diagnosed when there is hemo-
dynamic instability and the source of volume loss is obvious.
Remember, after acute hemorrhage, hemoglobin and hemato-
crit values do not change until compensatory fluid shifts occur
or exogenous fluid is administered. Plasma loss alone results
in hemoconcentration, and free water loss leads to hyperna-
tremia. With more subtle or chronic volume losses, the etiol-
ogy may be much more difficult to ascertain. A high degree of
suspicion for hypovolemia should exist following all injuries
or major gastrointestinal fluid losses.

In cases of hemorrhage, the focus must be on definitive hem-
orrhage control rather than merely aggressive replacement.
Simultaneous judicious resuscitation should also occur; how-
ever, volume cannot be given rapidly enough to match massive
hemorrhage.*® In accordance with Starling’s law, stroke vol-
ume and CO increase with an increase in preload. Therefore,
resuscitation is initiated with a rapid infusion of isotonic saline
or a balanced salt solution such as Ringer’s lactate. There is no
additional benefit to the initial use of colloid solutions, and in
trauma patients, colloids are associated with an increased mor-
tality.>* Evidence of continuing or severe blood loss requires
simultaneous replacement with cross-matched packed red
blood cells, as well as other coagulation components including
fresh frozen plasma, cryoprecipitate, and platelets. In the pres-
ence of severe or prolonged hypovolemia, inotropic support
may be required to maintain adequate ventricular function,
but only after blood volume has been restored.

Current concepts in the resuscitation of hemorrhagic shock
include limited volume administration to restore or main-
tain low to normal BP and “damage control” or hemostatic
resuscitation. In 1994, Bickell et al.* produced the landmark
paper demonstrating improved mortality in those patients with
penetrating torso trauma, who had a restrictive crystalloid
resuscitation prior to surgical control of bleeding. The under-
lying premise is sound, in that aggressive restoration prior to

Chapter 4: Shock States in Acute Care Surgery

definitive hemorrhage control may actually worsen bleeding.
Interestingly, this is not a new concept. In 1918, Cannon wrote,
“Injection of a fluid that will increase BP carries danger in
itself. Hemorrhage in the case of shock may not have occurred
to a large degree because the BP is too low, and the flow too
scant to overcome the obstacle offered by a clot. If the pressure
is raised before the surgeon is ready to check any bleeding that
may take place, blood that is sorely needed may be lost.” In
addition, recent military conflicts in Iraq and Afghanistan have
demonstrated benefit with a resuscitative strategy based on ear-
lier replacement of blood and coagulation products in severely
injured patients. There are military and emerging civilian data
to suggest that early implementation in massive transfusion of
a 1:1:1 ratio of packed red cells:fresh frozen plasma:platelets
transfusion strategy results in improved mortality, ventilator-
free days, and ICU length of stay.’*>*

Hypovolemic shock may still exist despite normal or
increased total body fluid volume, when such volume is not
intravascular. An increase in interstitial fluid occurs in severe
trauma, pancreatitis, intestinal obstruction, and burns. This
is a result of both microcirculatory failure and the systemic
inflammatory effect and resulting massive capillary leak. Thus,
patients will require resuscitation in excess of their apparent
intravascular loss. If this inadequate intravascular volume is
not recognized, underresuscitation and continued tissue hypo-
perfusion will continue. Thus, multiple parameters should be
followed to ensure adequate resuscitation and restoration of
perfusion.

Obstructive Shock

Obstructive shock results from a mechanical barrier to nor-
mal CO. Reduced cardiac compliance leads to inadequate
diastolic filling. Pericardial tamponade occurs due to acute
or chronic collections of fluid in the pericardial space. This
may be a result of trauma, myocardial rupture, and aortic dis-
section. Tension pneumothorax causes mediastinal shift with
subsequent compression of the great venous structures, again
impairing preload. Pulmonary embolus may occasionally
cause profound circulatory collapse. Mechanical obstruction
occurs as a result of massive clot (saddle embolus) or by pul-
monary hypertension due to the release of proinflammatory
mediators in response to the acute embolus.

TABLE 4.6

CLASSIFICATION OF HYPOVOLEMIC SHOCK

CLASS I CLASS II CLASS 1II CLASS IV
Blood loss (mL) Up to 750 750-1,500 1,500-2,000 >2.000
Blood loss (%) Upto 15 15-30 30-40 >40
Pulse rate <100 >100 >120 >140
Blood pressure Normal Normal Decreased Decreased
Pulse pressure Normal/Increased Decreased Decreased Decreased
Capillary refill Normal Decreased Decreased Decreased
Respiratory rate 14-20 20-30 30-40 >35
Urine output (mL/h) >30 20-30 5-15 Negligible
Mental status Slightly anxious Anxious Confused Lethargic
Fluid replacement Crystalloid Crystalloid Crystalloid + blood Crystalloid + blood

Adapted from American College of Surgeons Committee on Trauma. Advanced Trauma Life Support for Doctors, 8th edition.
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The diagnosis of obstructive shock is often based on a
combination of clinical findings, chest radiograph, and echo-
cardiography. Pulmonary embolus is most commonly diag-
nosed with CT-angiography. The classic clinical findings of
pericardial tamponade include hypotension, jugular venous
distension, and muffled heart sounds (Beck’s triad). An echo-
cardiogram will demonstrate the fluid in the pericardial sac.
Immediate pericardiocentesis or surgical decompression is
indicated. Tension pneumothorax is suspected clinically when
hypotension, decreased ipsilateral breath sounds, ipsilateral
hyperresonance, tracheal deviation away from the affected
side, and jugular venous distension are present. Treatment
consists of immediate needle or tube thoracostomy. Pulmo-
nary embolus is treated with therapeutic heparinization,
while associated hemodynamic collapse may require sur-
gical or endovascular embolectomy and/or angiographic
thrombolysis.

Cardiogenic Shock

Cardiogenic shock is a result of pump failure. This may be due
to myocardial infarction (MI), cardiomyopathy, ventricular
outflow obstruction, acute valvular failure, ventricular filling
defects, or cardiac arrhythmias.>> Most commonly, shock is a
consequence of acute MI.*¢ Clinical findings include periph-
eral vasoconstriction, oliguria, and pulmonary and peripheral
edema. A pre-existing cardiac history and other physical find-
ings including pulmonary crepitations, cardiac murmurs, an
S3 gallop, and jugular venous distension are also suggestive of
cardiogenic shock. Decreased CO, with an elevated PAOP, is
diagnostic. Differentiation between right- and left-sided heart
failure is essential, as the management is significantly differ-
ent.’” Shock from right-sided failure is treated with ongoing
volume resuscitation to improve ventricular preload. Left-
sided failure often requires inotropic support and limited
resuscitation. Shock due to cardiac arrhythmias often requires
chemical or electrical cardioversion.

Cardiogenic shock tends to be self-perpetuating. Myocar-
dial perfusion is dependent on the duration of diastole and the
pressure gradient between the coronary artery and the left ven-
tricle. Overly aggressive fluid resuscitation is not well tolerated
and is likely to be harmful to a patient with the compromised
myocardial function resulting from cardiogenic shock.

Distributive Shock

Distributive shock is a result of widespread vasodilatation and
pooling of blood in the periphery. There is often a preservation
or increase in CO early in the course. Septic shock is the classic
example of hyperdynamic shock; however, other conditions
such as anaphylaxis and severe liver dysfunction also result in
a similar presentation.

Septic shock is manifested early by a decrease in SVR, nor-
mal to low PAOP, and increased CO. Despite elevated CO,
oxygen extraction is impaired, in part due to mitochondrial
dysfunction. This is also due to excessive blood flow to areas
of normal metabolic demand and hypoperfusion of areas with
increased demand. In later stages of septic shock, myocar-
dial depression occurs, and the hemodynamics mimic that of
cardiogenic shock. Septic shock is a result of complex inter-
play between microbial constituents and the immunologic
response. Bacterial endotoxin is a lipopolysaccharide cell wall
constituent of gram-negative bacteria, which induces release
of proinflammatory cytokines.’® In addition, gram-positive
organisms may secrete superantigens, which are polyclonal
T-lymphocyte activators that induce release of high levels

of proinflammatory cytokines with resulting severe systemic
inflammatory response as seen with Group A streptococcal
infections.

This massive release of cytokines results in three major
sequelae: thrombosis, increased vascular permeability,
and vasodilatation. Proinflammatory cytokines result in
increased tissue factor production, while reducing fibrino-
lysis by increasing PAI-1 expression. Activated thrombin is
itself a major activator of proinflammatory cytokines. Other
anticoagulant factors such as thrombomodulin and protein
C are also decreased. The procoagulant tendency is further
exacerbated by decreased blood flow at the level of small
vessels. Together, these effects promote the deposition of
fibrin-rich thrombi in small vessels, often throughout the
body, thus contributing to tissue hypoperfusion and con-
sumptive depletion of coagulation factors. The increase in
vascular permeability causes leakage of fluid into the inter-
stitium, resulting in tissue edema that may impede blood
flow and diffusion of oxygen into tissues. Systemic vasodila-
tation and resulting hypotension are aggravated by the pro-
duction of NO and the increases in vasoactive inflammatory
mediators.*’

Sepsis causes insulin resistance and hyperglycemia. The
release of stress hormones and catecholamines along with pro-
inflammatory cytokines such as TNF-a and IL-1 all drive glu-
coneogenesis. Insulin resistance occurs due to the cytokine and
glucagon impairment of GLUT-4 surface expression, a glucose
transporter.

The goals of septic shock treatment are to maintain tissue
perfusion and institute appropriate empiric antibiotic treat-
ment prior to culture results, insulin therapy for hyperglyce-
mia, and, if applicable, infection source control. Intravenous
fluid requirements may be high, and often a pressor agent such
as norepinephrine and/or vasopressin is required to counter
the systemic vasodilatation. Early implementation of goal-
directed therapy has been demonstrated to improve outcomes
in septic shock.®%¢! Steroids have not been shown to be effec-
tive; however, activated protein C has been shown to improve
mortality in selected cases of severe septic shock with more
than one organ failure.®>%

Neurogenic shock is another form of distributive shock,
which occurs as a result of a spinal cord injury above the
upper thoracic level. Disruption of the sympathetic outflow
leads to peripheral vasodilatation, bradycardia, and hypoten-
sion. There is a relative expansion of the intravascular space
through vasodilatation, particularly of venous capacitance ves-
sels, and this is initially treated with judicious fluid administra-
tion. Often a pressor agent is required, and the bradycardia
may require atropine to counter the unopposed parasympa-
thetic influence, or an inotrope/pressor such as dopamine or
norepinephrine. In most cases, hypotension resolves within
24-48 hours. Overresuscitation with fluid must be avoided.
The diagnosis of neurogenic shock must be a process of exclu-
sion, as it is often associated with other traumatic injuries
involving concomitant blood loss.

Neurogenic shock should not be confused with spinal
shock, which is defined as a loss of sensation and motor paral-
ysis with initial loss of reflexes that gradually return. No circu-
latory compromise is associated with this condition and thus
should not be considered a shock state.

Anaphylaxis is a severe form of Type I hypersensitivity.
Exposure to the offending agent results in massive histamine
release, with subsequent dermatologic reaction, respiratory
obstruction, and hypotension. Occasionally, the reaction is
severe enough to produce shock through myocardial depres-
sion along with massive capillary leak and edema formation.
Treatment consists of volume replacement, epinephrine, ste-
roids, and histamine receptor antagonists.



Endocrine Shock

The normal host response to critical illness is an increase in
cortisol secretion to maintain homeostasis. Hypoadrenal
shock occurs when unrecognized adrenal insufficiency compli-
cates the host response to the stress induced by critical illness
or major surgery.®* Adrenocortical insufficiency may occur
as a result of chronic exogenous corticosteroid use. In addi-
tion, trauma and sepsis may also induce a relative hypoadre-
nal state. Hypovolemia with a decrease in SVR and CO occur
in hypoadrenal shock. Administration of physiologic doses of
steroids to correct the relative hypoadrenal state results in sta-
bilization of hemodynamics and possible survival benefits.®>¢
The diagnosis is established by using an ACTH stimulation
test. Empiric treatment is with dexamethasone, as this does
not interfere with ACTH stimulation test. If the diagnosis is
confirmed by low or no response to ACTH, treatment should
consist of hydrocortisone, with tapering as the patient achieves
hemodynamic stability.®” Adjunctive volume resuscitation and
pressor support should also continue.

SUMMARY

Shock is a common condition that is associated with a high
mortality. Although the cellular pathways are largely similar,
the etiology is varied and complex. Early recognition of inad-
equate tissue perfusion should trigger aggressive goal-directed
therapy. Key data regarding hemodynamic and oxygenation
transport variables should be obtained promptly. Correction
of the underlying cause in conjunction with early resuscita-
tion reduces the potentially fatal complication of end-organ
dysfunction and failure.
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CHAPTER 5

BASIC OPERATIVE TECHNIQUES IN

TRAUMA AND ACUTE CARE SURGERY

RAO R. IVATURY

Trauma and acute care surgery is an exciting field that offers a
wide spectrum of operative experience, which ranges from elec-
tive to semielective to truly emergent, in body sites and cavities
from head to toe and also from minimally invasive techniques
to the “maximally” invasive procedures (e.g., “trap-door”
approach to the left subclavian vessels). The basic principles of
these divergent procedures are essentially the same: adequate
exposure, control of bleeding and contamination, attention to
patient physiology, and most importantly “do no harm.” The
scope of acute care surgery practice is so vast that a discussion
of it can only be a sketch. This chapter, therefore, outlines
the accepted techniques of exposure and treatment of vari-
ous injuries and diseases in different anatomic sites. A brief
introduction into minimally invasive approach follows, since
that will surely be the state-of-the-art in the next decade. The
reader is encouraged to supplement this chapter with atlas of
operative and anatomic details.

OPERATIVE APPROACH TO NECK
TRAUMA

In a landmark 1969 article, Monson et al. arbitrarily divided
the neck into three clinical zones.! Zone I is defined as the area
between the suprasternal notch and the cricoid cartilage, Zone
II is the region between the cricoid and the angle of the man-
dible, and Zone III lies above the angle of the mandible. Zone
II injuries are accessible via standard cervical approaches and
do not present operative difficulty. Zone I injuries by definition
involve the thoracic inlet with potential injuries to major ves-
sels, and Zone III injuries are problematic because of the dif-
ficulty in obtaining distal control. Direct operative approach
is therefore preferred for Zone II, while angiography may be
helpful in the other zones.>?

The patient should be placed in a prone position with both
arms tucked, if possible. As long as there is no concurrent
spine injury, a shoulder roll should be placed to extend the
neck and the table placed in a semi-Fowler’s position to aid
in the operative exposure. The entire thorax and abdomen
should be prepped in case of Zone I injury for accessing the
chest and abdomen for potential multicavitary injuries. The
groin and both thighs are prepped and draped for possible
saphenous vein harvest.

Innominate and Subclavian Vessel Injury

Operative exposure of Zone I vascular injuries varies with
the stability of the patient. If the patient is hemodynami-
cally unstable with a large hemothorax or excessive bleed-
ing from the chest tube, an anterolateral thoracotomy (high
in the 3rd or 4th intercostal space) will allow apical pack-
ing to tamponade the bleeding from innominate or proxi-
mal subclavian vessels. This can be done in the trauma bay
of the emergency department for the patient in extremis. In
the stable patient, a median sternotomy in the O.R. is a good
approach for the innominate and the right subclavian vessels.

For the left subclavian artery, the incision may be extended
along the sternocleidomastoid or the clavicle. This approach
is superior to the morbid “trap-door” incision. The second
and third portions of the subclavian are best approached by
an incision along the clavicle with extension along the sterno-
cleidomastoid, if necessary (Fig. 5.1). Subperiosteal resection
of the mid or medial one-third of the clavicle will allow excel-
lent exposure. The majority of these vascular injuries may be
managed by simple lateral repair or end-to-end anastomosis.
Occasionally, a saphenous vein graft may be necessary. In
stable patients with a subclavian pseudoaneurysm or intimal
injuries, endovascular stent grafts are an increasingly attrac-
tive option.

Carotid Artery Injury

Carotid exposure is obtained via a skin incision made along
the anterior border of the sternocleidomastoid muscle
(Figs. 5.1-5.3). The carotid sheath and its contents are readily
identifiable. The venous and lymphatic structures are retracted
in a lateral direction. Proximal and distal exposure of the
carotid arteries is obtained after identifying the ansa cervicalis
and 12th cranial nerve (Fig. 5.2). Digital pressure or a side-
biting vascular clamp can be used to control hemorrhage while
obtaining control. Proximal injury to the carotid at its aortic
or subclavian origin requires more extensive exposure than
the simple neck incision. Median sternotomy is the most com-
monly employed approach. A supraclavicular incision is useful
for exposure in some cases, and dislocation or resection of the
clavicle may improve the exposure (Fig. 5.1).

High Zone III injuries resulting in distal internal carotid
laceration or disruption can be problematic in exposure and
control. Anterior subluxation of the mandible can improve
exposure, but only by about 2cm. Osteotomy of the mandibu-
lar ramus may provide better exposure and mobility. Placement
of a Fogarty balloon catheter to provide distal vascular control
can be lifesaving during these maneuvers. Depending on the
surgeon’s experience in operating around the base of the skull,
intraoperative assistance from either a maxillofacial surgeon or
a neurosurgeon is advisable in difficult cases. Once proximal
and distal control are secured, a Fogarty balloon catheter is
carefully passed to remove any thrombus, and both proximal
and distal ends are flushed with heparinized saline. A 5-O or
6-O monofilament polypropylene suture is used for the repair
and handled with appropriate vascular technique. Except for
tangential lacerations where primary repair is possible by lat-
eral arteriorrhaphy, end-to-end anastomosis is often difficult,
because the transected ends of the artery retract. Care must
be taken to inspect for and repair any intimal flap at this time.
This can often be done by incorporating the intimal defect into
the laceration repair by utilizing a series of interrupted sutures.
Also, the lumen of the artery must not be narrowed by this
primary repair; if so, vein patch or interposition graft will be
required. If there is a considerable destruction of the carotid
artery, interposition grafting is warranted, preferably utilizing
autologous tissue. Saphenous vein is generally the ideal conduit.
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FIGURE 5.1. Operative approaches to neck and chest: A: standard
median sternotomy for ascending aorta, innominate, cardiac injuries.
B: Median sternotomy with extension to right neck for innominate,
right subclavian, and common carotid artery injuries. Extension
along the right clavicle will provide access to distal right subclavian
vessels. C: Median sternotomy with left neck extension for left com-
mon carotid, aortic arch, and left subclavian vessel injuries. Extension
along the left clavicle will provide access to distal left subclavian vessel
injuries. D: Left anterolateral thoracotomy with extension to right
chest as a clamshell incision providing access to all chest structures.

If adequate autologous conduit is not available, synthetic
material may be used. The choice between woven Dacron and
ePTFE is based on a surgeon’s preference, as neither represents
an ideal substitute for a vein graft.’ If anatomy permits, the
external carotid artery can be divided at a distal location, and
transposed to the internal carotid artery. The use of a tempo-
rary shunt is not mandated by the available data. Increasingly,
percutaneous transluminal placement of endovascular devices
has become an alternative option to surgical repair.

Vertebral Artery Injury*

Vertebral artery injury,* fortunately, is not common. As warned
by Matas “A glance at the surgical anatomy of this vessel as it
lies deeply hidden in the skeleton of the neck, only escaping at
short intervals from its osseous canal, to become immediately
invested by the very important and vital cervical nerves as they
issue from the spinal foramina, will at once remind us of the
magnitude of the purely technical difficulties in the way of its
atypical ligation, and of the errors of diagnosis that must be
incurred.”

If the identification and exposure of the vertebral artery
injury is uncomplicated during neck exploration, proximal
and distal surgical ligation of the injured vessel is performed.
If encountered at neck exploration, the following steps are
indicated: (1) Gauze packing at the site of bleeding and (2)

exposure of the subclavian artery by dividing the origin of ster-
nomastoid from the clavicle and proximal control of the origin
of the subclavian artery. The neck incision is carried posterior
to the ear with division of the attachment of sternomastoid
and splenius capitis muscle. Distal ligation may be performed
by dividing the splenius capitis and sternomastoid attach-
ments to the mastoid, palpation of the transverse process of
the atlas, and exposing the vertebral artery between the axis
and atlas. Bone wax or other hemostatic agents can be used to
pack and compress this area, or “blind” application of surgical
clips deep into the wound may staunch the bleeding
(Fig. 5.3A-C). The difficult dissection of the vertebral artery
makes angiographic embolization an attractive option. Current
data support the conclusion that most vertebral artery injuries
can safely be managed without an operation or by angiographic
embolization. Surgical intervention should be reserved for
patients with severe bleeding or where embolization has failed.

Venous Injury

Injury to the innominate, subclavian, axillary, or internal jugu-
lar veins may be the source of severe hemorrhage. These veins
can be ligated if the destruction is severe. In the case of severe
bilateral jugular venous injury, ligation will carry significant
clinical consequences. In this setting, reconstruction with an
autologous conduit is advisable.?

Cervical Esophagus

Exposure is obtained by a left neck incision along the anterior
border of the sternocleidomastoid muscle with medial retrac-
tion of the carotid vessels. Adequate mobilization behind the
trachea and palpation of the nasogastric tube facilitate identifi-
cation of the esophagus. The recurrent laryngeal nerve needs to
be protected in the dissection and frequently may be palpated
or visualized (Fig. 5.2). The esophageal perforation is identified
either by direct visualization or with the help of intraluminal
saline or dye. The perforation is repaired in either one or two
layers. Neither the number of suture layers nor the type of
suture material (absorbable or nonabsorbable) seem to influ-
ence the incidence of fistulization after the repair. If the opera-
tive exploration is delayed, repair may be difficult because of
extensive inflammation in the area. In either instance (early or
delayed operation), wide drainage is the key to success. Closed
suction drains (Jackson- Pratt) usually are preferred.’
Laryngotracheal injury in the neck is uncommon but can be
produced by blunt trauma, seat belt injury, or penetrating
injuries. These injuries should be suspected with subcutane-
ous emphysema, soft tissue air in x-rays, or changes in phona-
tion and blood in the aerodigestive tract. Primary repair with
absorbable sutures without tracheostomy is the ideal approach.
Tracheostomy through the injury, as once recommended, is not
the preferred option. More complex injuries to the larynx are
best handled with the help of ENT surgeons because of long-
term complications and the need for corrective procedures.®

OPERATIVE APPROACHES
TO CHEST TRAUMA

Emergency Department Thoracotomy

The usual incison is a left anterolateral thoracotomy (Fig. 5.1).
For right-sided penetrating wounds and suspected injuries in
the right chest, thoracotomy may be commenced as a right
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Glossopharyngeal (IX) n.

Hypoglossal (XII) n.
Vagus (X) n.
Accessory (XI) n.

Facial a.
Lingual a.
Superior thyroid a.

Int. carotid a.
Ext. carotid a.
Int. jugular v.

Sternohyoid m.
Ant. jugular v.
Sternothyroid m.
Omohyoid m.

Sternocleidomastoid m.

Vertebral a.
Cervical VI n.
Cervical V n.

Digastric m.,
ant. belly

Thyrohyoid m.
Descend.
hypoglossal n.
Omohyoid m.

Sternothyroid m.

A Sternohyoid m.

Trachea
Thyroid gland
Esophagus

Int. jugular v.
Common carotid a.
Vagus (X) n.
Phrenic n.

Carotid sheath

FIGURE 5.2. A,B: Anatomy of neck demonstrating the important structures in neck exploration. The cross section shows the carotid sheath and

its contents and the anatomy of trachea and esophagus.

anterolateral thoracotomy and, if cardiac arrest has occurred
and open cardiac massage is needed, a separate left anterolat-
eral thoracotomy may be added. The usual incision is in the
4th or Sth intercostal space, extending as a sweeping curve into
the axilla. If exposure is inadequate or for bilateral thoracic
injuries, the incision may be extended across the sternum into
the right chest as a “clam shell” thoracotomy. This provides
outstanding exposure but one has to look for the transected
internal mammary arteries and ligate them. When a patient
is in extremis from a penetrating injury at the thoracic inlet
and a massive hemothorax, a higher (3rd intercostal space)

incision provides access to the thoracic vessels at the inlet that
can be compressed manually while the patient is transported
to the Operating Room.

Once inside the chest, a rapid assessment of the pericar-
dium is made.” Tense, bluish pericardium suggests tampon-
ade and is relieved by a knife anterior to the phrenic nerve.
The pericardiotomy is then extended with a scissors parallel
to the nerve. In the presence of a cardiac laceration, cardior-
rhaphy may be achieved by staples, sutures, or gentle traction
on a Foley catheter balloon inserted through the laceration
(Figs. 5.4 and 5.5). Active hemorrhage from pulmonary
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lacerations is controlled by clamping the hilum of the lung
manually with fingers or by placing a vascular clamp across.
Some surgeons recommend “a lung twist” after the inferior
pulmonary ligament is divided. These maneuvers also aid in
the prevention of air embolism and aspiration of blood into
the uninjured lung. Active hemorrhage from the apex of the
pleural cavity suggests a subclavian vessel injury. Temporary

Anterior paraspinous
muscles

Anterior longitudinal
ligament

Vetebral veins

Left vertebral
artery

C3 spinal nerve

Vertebral vein

Inferior cervical
sympathetic gangvlion

Internal jugular vein

Thoracic duct

tamponade of the vessels may be achieved by packing with
large lap pads or pressure with a fist. The patient, if resusci-
tated, is then moved to the operating room. Cardiorrhaphy
is completed by interrupted sutures with pledgets, taking
care not to occlude the coronary vessels, if the wounds are
adjacent to them. Most bleeding pulmonary injuries are best
treated by resectional debridement.® In penetrating abdominal

C1
transverse

Vetebral process

artery

Levator
scapulae

Splenius
cervicis

Accessory
nerve (XI)

Cc

Inferior thyroid artery

Anterior scalene
muscle

Phrenic nerve

Thyrocervical trunk

Subclavian artery

FIGURES 5.3. A: Anatomy of the vertebral artery, showing the course surrounded by cervical transverse processes. Exposure is facilitated
by retraction of the anterior paraspinous muscles and anterior longitudinal ligament. B: Exposure of proximal vertebral artery by a supracla-
vicular incision, exposing the thyrocervical trunk from the subclavian artery. C: Exposure of the distal vertebral artery by sternocleidomastoid
incision, dividing its origin from the mastoid process and dividing the levator scapulae and the splenius cervicis muscles.
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FIGURES 5.4 AND 5.5. Cardiac repair with sutures crisscrossed to close the laceration and control of hemorrhage with placement of a Foley

catheter with the balloon inflated.

wounds with continuing hemorrhage, the descending thoracic
aorta may be occluded initially by finger compression over the
spine. Blunt finger dissection of the aorta must be performed
for a proper application of a thoracic aortic clamp. A Pen-
rose drain around the aorta applied as a tourniquet is a useful
alternative technique. While doing these maneuvers, beware
of injury to the esophagus or the intercostal vessels. Open car-
diac massage, if needed, is best performed by a two-handed
technique. Beware of the surgeon’s fingers causing a rent in the
soft, hypoxic ventricle.

Pitfalls of ERT: The potential problems of ERT include
improperly placed incisions with severe limitation of expo-
sure, incision through the female breast, iatrogenic injury to
the lung, intercostal or internal mammary vessels, pericar-
dium, lung, phrenic nerve, and coronary vessels. Hasty and
inexperienced efforts at descending thoracic aortic occlusion
may result in injury to the aorta, intercostal vessels, or the
esophagus. The uncontrolled, desperate nature of Emergency
Department Thoracotomy is a setup for injury to the operat-
ing team by sharp objects.

Injury to the Thoracic Esophagus

Operative repair is the treatment of choice for free thoracic
perforations, for injuries diagnosed both early (<24 hours) or
late (>24 hours). The presence of systemic sepsis, pneumotho-
rax, pneumomediastinum or pneumoperitoneum is indication
for early thoracotomy and repair.’

The operative approach consists of thoracotomy on the
side of the leak (left thoracotomy for lower esophageal
injury and right thoracotomy for upper esophageal injury),
exposure of the esophagus, and thorough debridement of all
necrotic tissue. The perforation is identified and closed. In

penetrating trauma, multiple perforations are not uncommon
and should be sought diligently. The choice of suture material
for closure of the perforation is variable between surgeons, as
is the necessity for a two-layered closure with inner absorb-
able and outer nonabsorbable sutures. While various tissues
are recommended as buttress for the suture, Richardson’®
used buttress by either muscle or pleura. Sternocleidomastoid
muscle is used to buttress or primarily close the defects in the
neck, and a flap of diaphragm is often used for thoracic per-
foration. Patients with perforated cancer or severe underlying
disease may need esophagectomy. Whichever method is used,
it is critical to drain the area extensively, usually with large
caliber chest tubes placed in the vicinity of the esophageal
repair.

Treatment of delayed recognition of the perforation: The
problems of delayed treatment involve extensive mediastini-
tis, necrosis of the esophageal wall, and the difficulty of effec-
tively closing the perforation, even with various buttressing
methods. Even when repair is technically feasible, subsequent
breakdown of the repair is the rule rather than the exception.
It is in such patients that “exclusion” procedures were prac-
ticed at one time, largely replaced in recent times by esophageal
stenting. In selected patients with controlled sepsis, esophageal
irrigation and wide drainage of the mediastinum and pleural
cavity are viable options.’

Control of Intrathoracic Bleeding

Pulmonary lacerations are best approached by localized
debridement-resection of the injured lung. Staplers are use-
ful to accomplish this rapidly and effectively. Only rarely is
formal lobectomy needed. Pneumonectomy is reserved for
extensive injury to the hilum and is even more uncommon.
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Intercostal vessel bleeding requiring operative control can eas-
ily be performed through a thoracotomy.

Damage-control Procedures in the Chest

These are not uncommon with success of early transport and
emergency resuscitation in patients with severe injury.

As described by Wall and associates, “Damage control in the
chest consists of different technical maneuvers to use quicker
and technically less demanding operations to accomplish the
same goal.”® These include resuscitative thoracotomy, nonan-
atomically stapled lung resections, pulmonary tractotomy, en
masse lobectomy/pneumonectomy, intravascular shunts and
vascular ligation instead of repair. The chest incision is provi-
sionally closed by prosthetic patches or towel clips.

Tracheobronchial Injury

Richardson® presented a personal series of laryngotracheal
injuries recently and pointed out the infrequency of these inju-
ries and the resultant limitation of experience. This report is
mandatory reading to be prepared to deal with these injuries.
The basic lessons are clear: tracheal injury in the neck from
blunt trauma needs resection and reanastomosis of the tra-
chea. The need for complete excision of damaged cartilage was
emphasized. The repair may be performed through the neck
with a sternal extension. For injury near the carina, a right
thoracotomy is preferred. Mainstem bronchial injury repre-
sents a major problem, especially from penetrating trauma.
Involvement of the pulmonary hilum with major vascular
injuries forces a pneumonectomy, a highly lethal procedure,
especially when performed on the patient in shock. For blunt
bronchial injury, end-to-end anastomosis is feasible. Preser-
vation of pulmonary tissue is clearly preferable. Richardson®
emphasized the poor long-term prognosis of these patients.
Fortunately, these injuries are relatively uncommon and the
inexperienced surgeon is admonished to call senior thoracic
surgeons for help.

OPERATIVE APPROACH TO
ABDOMINAL TRAUMA

Solid Organ Injury

Exploratory celiotomy is clearly indicated in patients with sus-
pected hollow viscus injury or hemodynamic instability with
solid organ injury. Prep the patient from chin to midthighs and
table-to-table laterally (be prepared for possible resuscitative
thoracotomy, median sternotomy, or availability of the groins
for vascular access or saphenous vein harvesting). The abdo-
men is explored by a long midline incision. After evacuation
of the peritoneal cavity of all blood, the abdomen is packed
in all the quadrants and serially explored. Control the most
active bleeding first.

Liver. Perihepatic packs and manual compression of the liver
by an assistant will reduce bleeding from the liver. Exploration
of the abdominal cavity is rapidly completed. Intestinal perfo-
ration, if present, is swiftly closed to prevent continued con-
tamination of the peritoneal cavity. The various options in the
operative treatment of the injured liver can then be considered.

Approximately 50%-60% of the liver lacerations, espe-
cially after penetrating trauma, are minor capsular tears that
have stopped bleeding at the time of laparotomy. These capsu-
lar tears and minor parenchymal lacerations may be left alone.

Grade 1II injuries are deeper lacerations, especially central in
location and may be actively bleeding at operation. Hemostasis
can temporarily be achieved by pressure. If bleeding resumes
after releasing the tamponade, liver sutures of an absorbable
material may be applied in an interlocking mattress fashion.
A better alternative is to explore the laceration by a hepatot-
omy and individually ligate the bleeding vessels. If a diffuse
bleeding continues, absorbable mattress sutures buttressed by
pledgets of gelfoam can be used to compress the parenchyma
and achieve hemostasis. The majority of liver injuries, fortu-
nately, can be controlled by these simple methods.

Burst injuries due to blunt trauma and large-caliber mis-
sile wounds cause greater destruction of the parenchyma
of the liver, often involving both lobes and require more
“complex repairs.” Ancillary techniques as autotransfusion by
a cell saver, blood warmers to combat hypothermia and mas-
sive transfusion protocols with emphasis on high Fresh Frozen
Plasma (FFP) to packed cell ratios, and appropriate resusci-
tation are crucial for a successful outcome. Adequate mobi-
lization of the liver by dividing its ligamentous attachments
enables the organ to be delivered into the operative wound
and facilitate manual compression of the liver.

Occlusion of the portal triad or Pringle’s maneuver reduces
vascular inflow to the liver and consequently may reduce
bleeding from the liver laceration. It consists of sliding the
operator’s hand into the lesser sac and occluding the free edge
of the lesser omentum and its contained portal and hepatic
vessels between the fingers. If the procedure is effective in
slowing the hemorrhage from the liver laceration, a vascular
clamp may be applied across the free edge of the omentum.
With reduction in the rate of bleeding by portal occlusion, the
liver laceration can be evaluated to control bleeding vessels
by direct visualization and ligation. Deeper lacerations may
be explored by the finger-fracture technique popularized by
Pachter et al.!® The parenchyma of the liver is teased between
the surgeon’s fingers so that the hepatic vessels are exposed as
threads traversing the teased liver substance (Fig. 5.6). These
can then be individually ligated. The process is continued till
the entire laceration is explored and hemostasis is achieved.
The staplers are an invaluable adjunct in this setting.

In the patient with large stellate fractures or deep lacera-
tions of the liver, the finger-fracture technique of hemostasis
and debridement of nonviable liver tissue inevitably results in
large defects in the hepatic lobes. Minor bleeding, usually of
venous origin, may persist from the raw surfaces of the divided
liver. A graft of viable omentum with an intact vascular supply
can be used to fill in this dead space and control the venous
bleeding (Fig. 5.7). This living tissue acts not only as a pack to
control bleeding, but may serve also as a rich source of macro-
phages to help minimize the risk of subsequent sepsis.

Anatomic lobectomy, or formal hepatic resection even though
underemphasized in recent years, has its role. Polanco et al."!
recently analyzed 216 patients with complex liver injury and
noted 21 anatomic segmentectomies, 23 nonanatomic resec-
tions, 3 left lobectomies, 8 right lobectomies, and 1 hepatec-
tomy with orthotopic liver transplant. The overall mortality
was 17.8%, but only 9% from liver injury. Despite these
impressive results, the consensus opinion in this country favors
resectional debridement. Selective vascular ligation of hepatic
artery, once popular, is now less commonly applied to hepatic
trauma. If active bleeding persists after resectional debride-
ment or packing, angiographic embolization is the preferred
method. On the other hand, do not leave the operating room
if control of surgical bleeding has not been achieved.

Despite these various techniques, in a small number of
patients, approximately 2%-5%, profuse bleeding persists
and may relate to the onset of coagulopathy. Massive red cell
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FIGURE 5.6. Hepatotomy with vascular ligation.

transfusion, hypothermia, and acidosis contribute to the devel-
opment of coagulation defects. The liver injury, which may have
stopped bleeding, may start to bleed diffusely without control-
lable points of hemorrhage. “Liver packing” has emerged as an
important advance to control this “nonmechanical” bleeding.!?
In such patients, perihepatic packing, abbreviated laparotomy,
damage control resuscitation with hepatic angiography as an
adjunct have emerged as the treatment of choice. The tech-
nique of packing is by Kerlix rolls tightly in the crevices of
the liver injury and over the raw areas of the resected liver.
Additional packs are placed around the liver and between the
organ and the diaphragm and the lateral abdominal wall. The
laparotomy is abbreviated, and the patient is taken to the ICU
for resuscitation. The packs are removed in 24-48 hours, when

FIGURE 5.7. Omental packing after debridement-resection of liver.

the coagulation factors have been replaced and the coagulopa-
thy corrected. Pack removal is accomplished by copious irriga-
tion with normal saline. The raw areas of the liver are carefully
inspected and nonviable tissue is debrided. The liver laceration
is drained extensively with closed suction drains.

As opposed to external tamponade, internal tamponade
is a valuable method in patients with missile wounds of the
liver that traverse the entire thickness of the lobes, an injury
too extensive to control without a major resection. In such
patients, a method of internal tamponade by a “Penrose
pack,” made by passage of a red rubber catheter through the
missile tract and pulling a wad of Penrose drains tied to the
end of the catheter through the laceration. The Penrose pack
acts as a tamponading plug and controls the bleeding. The
drains, brought to the exterior through the flank, also serve to
drain the laceration. A similar result may be achieved by using
a sterilized Sengstaken-Blakemore tube. The management of
retrohepatic venous injuries is discussed under the section on
abdominal vascular trauma.

Spleen. Except for high-grade splenic injuries with hemody-
namic instability, nonoperative management of splenic trauma
is the rule. In patients with penetrating trauma with multiple
injuries and in unstable patients, splenectomy is the preferred
treatment. Complete mobilization of the spleen from its liga-
ments, control and division of the splenic vessels at hilum,
attention to the short gastric vessels and the tail of the pancreas
are some of the technical details that need emphasis. Splen-
orrhaphy is an option when circumstances are favorable for
repair: hemodynamic stability and absence of major associated
injuries. Techniques include sutures with buttress of omentum,
strips of gelfoam or absorbable mesh; partial splenectomy or
splenic wrap with absorbable mesh'? (Figs. 5.8-5.10).

PANCREATODUODENAL COMPLEX.#16

At celiotomy, the important findings suggestive of injury to
the duodeno-pancreatic complex!*!¢ are bile staining of the
retroperitoneum, small bubbles of entrapped air in the peri-
duodenal tissues, small periduodenal hematoma, fat necrosis
or saponification of tissues in the upper abdomen. Kocheriza-
tion (mobilization of the C-loop of the duodenum from its
retroperitoneal attachment) facilitates inspection of DI, DII,
and a portion of DIII as well as allows evaluation of the pan-
creatic head, periampullary area, and distal common bile
duct. The Cattell-Braasch maneuver consists of mobiliza-
tion of the hepatic flexure of the colon, sharp dissection of
the small bowel attachment from the ligament of Treitz to the
right lower quadrant, and cephalad displacement of the small
bowel. This brings D III into view along with the body of the
pancreas. DIV may be evaluated by mobilization of the liga-
ment of Treitz (Figs. 5.11 and 5.12).

The surgical management of these injuries depends on
hemodynamic stability, severity of duodenal injury, and the
presence and severity of associated pancreatic injury. In the
hemodynamically unstable patient, the optimal treatment is
an abbreviated laparotomy with rapid, provisional closure
of the duodenum by simple methods such as suture, stapling,
and rapid resection without establishing continuity. Control
of bleeding supersedes duodenal repair. In hemodynamically
stable patients with lower-grade lesions of the duodenum and
pancreas from civilian penetrating wounds and without delay
in diagnosis and treatment, the vast majority of duodenal inju-
ries may be managed by simple procedures of primary repair,
duodenoduodenostomy, or duodenojejunostomy. Segmental
resection and primary end-to-end duodenoduodenostomy is
usually feasible when dealing with injuries to DI, DIII, or DIV.

Complex repairs: Only a small number of duodenal inju-
ries require more involved procedures; complex grades of
injuries as defined above, delayed diagnosis, or forced delayed
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FIGURES 5.8-5.10. Technics of splenic salvage with sutures, mesh wrap, and partial splenectomy.

treatment by initial damage control procedure. Adjunctive
operative procedures are often added to protect the duodenal
suture line. Triple ostomy, particularly valuable when deal-
ing with high-grade lesions in the difficult region of DII, con-
sists of gastrostomy, duodenostomy, and jejunostomy. The
duodenostomy may be antegrade, proximal to the injury site
or retrograde, via a jejunostomy. Serosal patch and pedicled
mucosal grafts are not often used currently. One preferred

option when dealing with large duodenal defects is resection
and end-to-end duodenoduodenostomy or, especially in DII:
either side-to-end or end-to-end Roux-en-Y duodenojejunos-
tomy or a side-to-side duodenojejunostomy. These complex
procedures, however, are seldom used in large series of duo-
denal injuries.

Duodenal exclusion (Figs. 5.13 and 5.14): The principle of
duodenal exclusion is to divert gastric secretions away from
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FIGURES 5.11 AND 5.12. The Cattell-Braasch and Kocher maneuvers for exposure of duodenum and pancreas.

the duodenal repair and allow time for adequate healing of
repair and is currently performed as pyloric exclusion. This
procedure consists of primary repair of the duodenal wound,
closure of the pylorus with nonabsorbable sutures accom-
plished through a gastrotomy incision on the greater curvature
of the antrum, or placement of a staple line across the pylo-
rus. A gastrojejunostomy is then performed at the gastrotomy

site. Injury to the extrahepatic biliary system may be present
and should be sought. Total or near-total transection of the
common duct should be treated by biliary-enteric anastomo-
sis. Lateral repair will lead to stenosis.” Pancreaticoduode-
nectomy is the ultimate option for extensive injuries causing
uncontrollable peripancreatic hemorrhage, distal bile duct and
proximal pancreatic duct or ampullary injury with extensive

FIGURES 5.13 AND 5.14. Pyloric exclusion procedure with gastrojejunostomy.
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tissue destruction, and combined devascularizing injury to the
duodenum and head of the pancreas. Abbreviated laparotomy
in unstable patients with staged reconstruction should make
this a rare operation for trauma.

Pancreas'®

The majority of pancreatic injuries require operative treatment. '®
In the case of penetrating abdominal injury, laparotomy is the
rule rather than the exception. In addition to the pancreatic
injury, major associated wounds of the vascular structures
around the organ, namely, the superior mesenteric vessels, por-
tal vein, splenic vessels, inferior vena cava (IVC), and the aorta
are found. Pancreatic injury, under these circumstances, takes
a lesser priority than the vascular injuries. Control of bleeding
and appropriate resuscitation are the immediate goals. If the
patient is unstable with hypothermia, acidosis, and coagulopa-
thy, “damage control” or an abbreviated laparotomy is indi-
cated. In such circumstances, addressing the pancreatic injury
may be deferred until the second laparotomy.

In stable patients, thorough pancreatic exploration is vital
to avoid missed injury. This mandates complete visualization
and bimanual palpation of the pancreas. Exploration is indi-
cated with peripancreatic hematoma or bile staining around
the duodenum or when penetrating injury traverses the lesser
sac. The duodenum may be kocherized for exposure of the
head of the pancreas. The lesser sac is opened and division
of peritoneum along the lower border of the pancreas allows
complete mobilization of the gland. All hematomas and lac-
erations must be explored for hemostasis. Establishing major
ductal integrity is the goal: often, this can be determined by
the depth and site of the laceration. In the body and tail, large
and deep lacerations may be treated as if the duct is injured.
In the head of the organ, it is often difficult to investigate the
duct. Intraoperative ERCP is often difficult. Intraoperative
pancreatography is seldom used now. If there is a concomi-
tant duodenal laceration, the ampulla may be cannulated and
a small amount of methylene blue injected to verify the duc-
tal intergrity.. Drainage is the most critical part of pancreatic
injury management. For the minor grades of injuries (Grade I
and II), it is the definitive treatment. For the major grades, it is
an important component of treatment. Drainage must be ade-
quate and, preferably, of the closed suction type as opposed to
sump drainage. Drains must be left in place for at least 7-10
days to establish a pancreatic fistula, should a leak from the
major duct occur. Minor leaks usually stop spontaneously,
without any untoward sequelae.

Resection is the preferred method of treatment of major
injuries to the left of the superior mesenteric vessels. Distal
pancreatectomy may be rapidly accomplished by mobilizing
the gland and stapling with 4.5 mm staples. If the major duct
is readily identified in the stump of the gland, it may be ligated
with a nonabsorbable suture. No special treatment for the
resection line is necessary apart from control of bleeding. The
area is drained widely. Often, the spleen is removed because
of patient instability or concomitant injury to the spleen. In
stable patients with favorable anatomy, splenic salvage may be
accomplished by dissecting the splenic vessels from the pan-
creas and removing only the distal gland.

Injury in the head of the pancreas (to the right of superior
mesenteric vessels) is difficult to treat. Subtotal resection is
indicated for a totally disrupted gland but is avoided if the
body and tail are uninjured, since 85%-90% resection will
result in pancreatic exocrine or endocrine insufficiency. In
such patients, the author prefers to establish wide drainage
in the region of the injury, accepting the formation of a fis-
tula. Pyloric exclusion may be added, especially in the pres-
ence of associated high-grade injuries to the duodenum.'

Pancreatoduodenectomy is the ultimate treatment for the
most severe combined pancreatoduodenal injuries. Current
opinion reserves this procedure for devascularizing lesions
of both the duodenum and pancreas. The operation may be
done as a single-stage or multiple-stage procedure, depend-
ing on the stability of the patient. The infrequency with
which this operation is required is quite evident in all the
series; <2%.

It is important to emphasize the current trend toward con-
servative approach to pancreatic injuries. Resection is only
performed when the remnant can be handled effectively (e.g.,
distal pancreatectomy). In general, enteric anastomoses to the
pancreas is best avoided since the normal gland, as is often
found in these patients, handles sutures very poorly and the
morbidity of pancreato-enteric leaks is enormous. For com-
plex lacerations in the head, we prefer drainage, pyloric exclu-
sion with gastrojejunostomy, and a feeding jejunostomy.

Enteric Injury

In abbreviated operations for hemodynamic instability:
contamination control from enteric perforation is important.
After packing all quadrants of abdomen to reduce bleeding, all
the blood in the peritoneal cavity is evacuated. Rapid visual-
ization of the appropriate part of GI tract will identify the per-
forations or lacerations. These can be closed by placing Allis
or Babcock clamps on the edges of the lacerations. Marking
the areas of injury with these clamps, the bowel is “run” from
the stomach to the rectosigmoid junction. Next, exploration
of the bleeding sites must be done to control bleeding: from
the solid organs and the mesentery. If a “damage control” pro-
cedure is elected, rapid closure of the intestinal lesions is the
goal to facilitate abbreviated laparotomy. Several techniques
are available to accomplish this: a rapid running suture incor-
porating all the layers of the bowel and rapid stapling of the
bowel wall to close the lacerations’ rapid resection of the seg-
ment of bowel where multiple lacerations are present. The seg-
ment of bowel containing multiple lacerations may be resected
quickly and the ends of the bowel ligated with umbilical tapes

Stable patient: After closure of enteric perforations, the
peritoneal cavity should be thoroughly irrigated to clear con-
taminated fluid before embarking on definitive repairs.

Next, the GI tract is inspected again from the stomach to
the rectosigmoid to find all perforations. The gastroesopha-
geal junction, the fundus of the stomach, posterior lacerations
of the stomach, and all retroperitoneal portions of bowel are
difficult areas that need special attention (Figs. 5.15-5.19).

Stomach. All areas of the stomach must be visualized. The
G-E junction and the fundus of the stomach may be brought
into view by pulling the stomach down while holding the body
of the organ by Babcock forceps. These areas may then be
inspected and palpated. The lesser sac is entered by dividing
the gastrocolic ligament and the posterior wall of the stomach
is inspected and palpated in its entirety, proceeding from the
right to the left, reaching the posterior aspect of the first por-
tion of the duodenum. Beware of the posterior gastric wall
high on the fundus near the G-E junction, where injury can be
missed. Evaluation of the duodenum is described above.

Small Bowel. The entire small bowel, from the duodenal-
jejunal junction to the ileocecal wall must be carefully “run”
visualizing both walls of the bowel. Special attention must be
given to injuries near the mesenteric border. Small perforations
may be hidden in this area behind the mesenteric attachment.
All major mesenteric avulsions and rents must be carefully
exposed and hemostasis secured by ligation of individual vessels
or running a suture in the free edge of the rent. This maneuver,
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FIGURES 5.15-5.19. “Potential sites of missed injuries” that deserve
careful appraisal: G-E junction, ligament of Treitz, mesenteric border
of bowel, posterior wall of transverse colon, extraperitoneal rectum.
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as well as major rents in the mesentery may lead to ischemia of
the segment of the bowel and must be sought. If bowel viability
is doubtful and there is no risk for short-gut syndrome, these
segments of doubtful viability are best resected.

Colon. The entire colon must be visually inspected. In areas
of suspected injury, the colon must be mobilized from its
retroperitoneal attachments to inspect the posterior wall. In
patients with excessive fat and thick omentum, colon perfora-
tions may be hidden near the omental attachment to the trans-
verse colon. Hepatic and splenic flexures high under the liver
and the spleen and the rectosigmoid at the peritoneal reflection
are the other areas that need special attention. Hematomas
adjacent to bowel wall must be completely unroofed to expose
bowel wall in order not to miss a perforation. One must never
accept an odd number of holes in bowel unless one of the per-
forations has been proven to be tangential beyond any doubt.

In general, injuries from stab wounds and low-velocity gun
shot wounds are small perforations of the bowel that may be
repaired after debridement of the edges and control of bleeding
from the edges. Injuries from blunt trauma are large rents that
may need more extensive repairs or resection and anastomosis.
Lacerations in the bowel wall are repaired in the transverse axis
so as not to narrow the lumen. Perforations in close proxim-
ity (e.g., GSW x 2) may be combined into one and repaired.
Multiple perforations in a small segment of the small bowel are
best treated by resection of the segment of the intestine back to
healthy edges and anastomosis in an end-to-end fashion. The
mesenteric defect of the bowel segment is then closed to pre-
vent subsequent herniation of bowel loops. A GIA stapler can
be effective in resection and anastomosis of the bowel. Repair or
anastomosis may be performed by a variety of techniques and is
one of personal preference. No definitive data support one tech-
nique over the other: single versus two layers, interrupted versus
continuous sutures, and sutured versus stapled anastomoses. It
is better to avoid, in the author’s opinion, stapled anastomoses
when dealing with edematous bowel such as in delayed diagnosis
of bowel injuries. Gastric lacerations have a propensity to bleed
after repair because of the generous vascularity of the stomach.
Traditionally, therefore, a two-layered repair is preferred: inner
hemostatic running suture of absorbable suture and outer non-
absorbable sutures. Lacerations near the pylorus may be treated
by a pyloroplasty so that pyloric channel is not narrowed.

The majority of nondestructive colon injuries may be
repaired primarily with excellent results. Current opinion sup-
ports repair of the colon wounds even at reexploration after
“damage control” surgerys; if the colon is not edematous, the
lesion does not require resection, and other conditions, locally
and systemically, are favorable. Majority of the trauma cen-
ters do not recommend a primary colocolic anastomosis at
the first or reexploratory operations, unless the conditions
are extremely favorable. Colostomy is the safest approach
under these circumstances. Intraperitoneal rectal injuries may
be treated by mobilization of the rectosigmoid and primary
repair. Proximal colostomy is the preferred treatment for an
extraperitoneal rectal injury. Presacral drainage, colorectal
washout are recommended by some for high-velocity wounds
of the rectum. Their benefit in the management of all rectal
wounds is unproven. If the lesion is easily approachable by
proctoscopy, repair may be performed. Otherwise, repair of
the lesion is not a high priority as long as the feces are diverted
by a proximal colostomy.

Abdominal Vascular Injury!”->2

Injury to abdominal vessels accounts for 27%-33% of all vas-
cular trauma treated in urban trauma centers.'”?> Approxi-
mately 95% of these are from penetrating trauma and occur

in 10% of admissions with stab wounds and 25% with gun-
shot wounds. These injuries are rarely isolated and multiple
visceral injuries as well as multiple vascular injuries are com-
mon. About 10% of patients with penetrating abdominal vas-
cular injuries will present to the ED in an agonal state, without
vital signs and with a distended abdomen. In these patients, a
rapid left anterolateral thoracotomy in the ED will facilitate
occlusion of the descending thoracic aorta with the hope of
reducing intra-abdominal bleeding. However, the results of
this approach have been disappointing with a survival of only
2%-7%. Some patients also need ED thoracotomy because of
cardiac arrest. Survival in these circumstances is even less.

Patients who are stable or can be stabilized by resuscitative
thoracotomy are rapidly transported to the operating room.
The entire torso as well as the upper thighs is rapidly prepped
and draped into the operative field. In hypotensive patients,
a preliminary anterolateral thoracotomy may be indicated
in order to prevent extensive blood loss when the distended
abdomen is decompressed. Laparotomy is performed through
a long midline incision from the xiphoid to the pubis.

Suspecting vascular injury: Abdominal vascular injury may
be suspected by the presence of a large amount of blood in the
abdomen or the presence of hematoma. The vascular zones
of the abdomen are the midline Zone I (supramesocolic and
inframesocolic), Zone II on either side located in the perineph-
ric gutters, and Zone III in the pelvis. All hematomas in these
zones incorporate vascular structures and need to be explored.
The presence of an expanding hematoma or brisk, bright red
blood through penetrating wounds will suggest a major vas-
cular injury.

The next step is to evacuate intraperitoneal blood rap-
idly and pack the abdomen with laparotomy pads. The point
of hematoma or bleeding is compressed manually. Volume
replacement and maintenance of physiologic stability are the
next goals. Proximal and distal control is rapidly obtained by
dissection, often facilitated by the hematoma. Exposure of
individual blood vessels is described below. The laceration(s)
are repaired by the usual vascular techniques, the abdomen is
irrigated with warm saline, and minor points of bleeding are
ligated or sutured. Bowel perforations are temporarily closed
so that contamination of the peritoneal cavity will not con-
tinue. At this point, a decision is made whether to continue
with the operation or to abbreviate the laparotomy for dam-
age control, as discussed in other chapters.

Abdominal Aorta. In the patients with hematoma in the
supramesocolic space, it is important to obtain proximal con-
trol of the aorta at the aortic hiatus in the diaphragm, if not
obtained already in the left chest by thoracotomy and cross-
clamping in the chest (Figs. 5.20-5.23).

Abdominal control is first accomplished by medial mobi-
lization of all the left-sided intra-abdominal viscera including
the kidney (the so-called Mattox’s maneuver), Figure 5.24.
This will allow exposure of the celiac axis, the SMA as well
as the origin of the renal arteries. An alternative approach for
the suprarenal, infra-SMA abdominal aorta is by an extensive
Kocherization of the duodenum medially and by incision of
the retroperitoneal tissue to the left of IVC. Once proximal
control is achieved, the aorta is dissected distally, exposing
the perforation(s). Bleeding may, at this time, be controlled
by manual compression either by sponge sticks or hand. In
the majority of patients, the injuries to the suprarenal aorta
are small defects in the wall that can be closed with a continu-
ous suture of 3 or 4 polypropylene after debridement. More
extensive loss in the aortic wall needs resection of a part of
the aorta and insertion of an interposition graft, usually of
12-14mm, of Dacron or PTFE. Fortunately, these injuries
are not common and the majority of the series have fewer
than 20 patients each with a mean survival of about 30%.
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FIGURE 5.20. Aortic compression against the spine. The same effect
may be obtained by two sponge forceps on either side of the aorta
with a rolled gauge holding them.

Infrarenal aortic injury is easier to expose and manage by the
same principles.

Celiac Axis Injury

Exposure of celiac axis is by medial rotation of viscera, as
described above. Injury to the celiac axis is usually treated
with ligation because of the lack of any short-term morbidity,
if the SMA is patent.

Superior Mesenteric Vessels. Exposure of SM vessels
is difficult and may be achieved as described for the aorta.
Injury to the superior mesenteric vein also may require divi-
sion of the neck of the pancreas to expose the confluence of
splenic and portal veins. More distal injury may be exposed by
dissection through an incision in the root of the mesentery.
More proximal injury may be approached through the lesser
sac and mobilization of the pancreas. Small lateral injuries
are treated with 5.0 or 6.0 polypropylene suture while exten-
sive injuries require a synthetic graft from the aorta. It is
usual to plan a second-look operation after repair of SMA
to detect bowel ischemia early. These injuries have a high
mortality (45%-75%) because of the difficulty in exposure.
Proximal injuries are best treated by ligation and a second-
look operation. More distal injuries in the transverse meso-
colon should always be repaired because of the high risk of
bowel ischemia.

Infrahepatic Vena Cava. Injury to the IVC presents as a
large hematoma next to the duodenum or with active bleed-
ing from this site. This is best exposed by mobilization of
the cecum, ascending colon, and hepatic flexure medially
(Figs. 5.25 and 5.26). The C-loop of the duodenum is mobi-
lized medially by Kocherization of the duodenum. Proximal
and distal compression by sponge sticks may facilitate the

exposure of the IVC rent. Usually, a large amount of bleed-
ing will ensue, requiring manual compression of the bleeding
IVC. One useful technique is to apply pressure with sponge
to control the bleeding, slow withdrawal of the pack to
expose small segments of the caval injury and controlling the
perforation(s) with rapid application of a Satinsky clamp on
the vessel. One useful technique is to approximate the edges
of the laceration with Allis clamps progressively, as the pack
is withdrawn. The laceration is then closed with polypropyl-
ene sutures.

A wound in the suprarenal IVC is best approached by
obtaining proximal control above the renal veins by retract-
ing the liver superiorly and applying compression on the IVC
against the spine at this level. A rapid exposure of both renal
veins and IVC will facilitate control of the entire IVC and
exposure of the injury. Injuries to the inferior vena cava are
repaired by a transverse suture of 5.0 polypropylene.

The posterior laceration IVC must be identified and
repaired. The best approach for this is to repair the posterior
laceration through the anterior laceration by direct visualiza-
tion. The IVC may also be rotated to approach the posterior
aspect. Ligation of the lumbar veins may facilitate this expo-
sure and repair of the posterior perforation.

In the profoundly hypotensive patient who is coagulo-
pathic, ligation of the IVC is an option. It is, of course, poorly
tolerated by the patient in profound hypovolemia but occa-
sional survival is possible

Portal Venous Injury, Hepatic Artery Injury,
or Retrohepatic Vena Caval Injury

Massive bleeding from the hepatoduodenal ligament or from
behind the liver is indicative of these injuries. Exposure of the
first two is obtained by dissection in the free edge of the lesser
sac and identification of the portal vein in its posterior plane.
More proximal portal venous injuries at the confluence of
splenic and superior mesenteric veins require transection of
the neck of the pancreas. Lateral venorrhaphy is the preferred
mode of repair of the portal vein. Occasionally, an end-to-
end anastomosis may be necessary. More complex repairs are
not needed since ligation of the portal vein is a viable option.
Injured hepatic artery may be ligated and this is usually well
tolerated as long as the portal vein is patent.

Bleeding from behind the liver, which is not easily con-
trolled by a Pringle’s maneuver, suggests a retrohepatic venous
injury. If the bleeding can be controlled by packing, this may
be all that is needed. Continuing bleeding demands exposure
and repair of the bleeding veins.

Retrohepatic Venous Injury

Retrohepatic venous injury should be suspected in the pres-
ence of rapid bleeding or a large retroperitoneal hematoma
behind the liver or when the bleeding is not controlled by por-
tal triad occlusion. Once there is a suspicion of a retrohepatic
venous injury, the area should be packed with laparotomy
pads, portal triad occlusion completed, and preparation made
for massive transfusions. Mobilization of the liver and gen-
tle dissection may, on occasion, visualize the hepatic venous
injury and repair may be carried out. More frequently, these
maneuvers only accentuate the bleeding. If an atriocaval shunt
and vascular isolation of the liver is decided upon, the midline
celiotomy incision should be extended as a median sternotomy
to gain control of the supradiaphragmatic vena cava. While a
variety of tubes have been used for the shunt, a wide (no. 36)
chest tube or an endotracheal tube are readily available and
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FIGURES 5.21-5.23. Control of supra-celiac abdominal aorta.

serve the purpose well. Vascular isolation is achieved by secur-
ing the tube at the intrapericardial vena cava and suprarenal
vena cava with umbilical tapes. The open end of the shunt
beyond the atrial appendage can be used for rapid transfusion.
Once vascular isolation is completed, the area of the perihe-
patic veins can be explored and repaired. The use of an endo-
tracheal tube and inflation of the balloon in the suprarenal
cava obviates the need for isolating the suprarenal cava.
While these steps in achieving vascular isolation of the liver
by an atriocaval shunt appear relatively simple, in practice,
the method is fraught with pitfalls and dangers. Burch et al.??
analyzed a 11-year experience with 35 patients with atriocaval

shunts from Ben Taub hospital. This is the largest series of
this technique yet published. They highlighted many of the
pitfalls of this technique and noted that 7 patients had a total
of 8 technical problems in the insertion of the shunt. These
included late placement in 3 patients, tourniquets below the
renal veins in 2 patients, and injury to suprarenal vena cava
in 2 patients. Six of the 35 survived. All of the survivors had
gunshot wounds of the retrohepatic vena cava. None of the
patients who required either a resuscitative thoracotomy or
concomitant hepatic resection survived.

Dissatisfied by the high mortality of atriocaval shunting for
juxtahepatic venous injury, Pachter et al.'" recommended (1)
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FIGURE 5.24. Modified left visceral rotation to expose the supra and
infra renal aorta.

compression of the injury site while resuscitation is in progress;
(2) early diagnosis of the injury by failure of Pringle’s maneuver
to staunch bleeding; (3) prolonged portal triad occlusion (up to
1 hour) using topical hypothermia and steroids; and (4) exten-
sive finger fracture of the liver parenchyma up to the site of vas-
cular injury and primary repair or ligation of the venous injury.
It should be borne in mind that not all juxtahepatic venous inju-
ries require atriocaval shunting. On occasion, the injury may
be visible on lobar mobilization and be amenable to repair by
the placement of a Babcock or Satinsky clamp. Ligation of the
injured hepatic vein is a viable option in patients with a tenuous
physiologic status. Finally, it needs to be reiterated that tight
perihepatic packing can control bleeding from injured retrohe-
patic venous injury and may serve as the definitive treatment.

Renal Pedicle. Injury to the renal pedicle presents as a lat-
eral hematoma. Renal artery injury is often associated with
aortic tear and the fastest and safest approach is nephrec-
tomy after making sure that there is a contralateral kid-
ney. In more stable conditions, these lateral hematomas are
best explored after preliminary control of the renal pedicle
(Figs. 5.27 and 5.28). This can be achieved by dissection at
the root of the mesocolon and opening the retroperitoneum.
Injuries to the renal veins are exposed as described for infe-
rior vena cava. Small lacerations can be repaired by lateral
venorrhaphy with 5-0 or 6-0 prolene sutures. In more exten-
sive injury or with venous ligation, nephrectomy is the most
expeditious recourse. Lateral perirenal hematomas from blunt
trauma are often left unexplored by the majority, especially
if there is no injury to the calyceal system. Blunt renal artery
lesions are rarely encountered. Renal salvage after penetrating

FIGURE 5.25 AND 5.26. Right-sided visceral rotation to expose the IVC, parts of the aorta, ureter, and the retroperitoneum.
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Right renal vein Left renal vein Left renal artery

Gonadal vein

Right renal artery

FIGURES 5.27 AND 5.28. Preliminary isolation of renal vessels before exploring a perinephric hematoma.

renovascular injuries is only 30%-40%. Renal preservation
after injury to the renal parenchyma is possible by a variety of
techniques outlined by Figures 5.29-5.31.

In the presence of a lateral pelvic hematoma, iliac vessel
injury should be suspected. These are usually from penetrating
trauma, but may be due to pelvic fractures from blunt trauma.
Proximal and distal vascular control may be obtained at the
aortic bifurcation and at the inguinal ligament. The internal
iliac artery may need to be controlled to prevent back bleeding
and may be ligated, if torn. Lateral repair or vein interposition
graft is the optimal management approach for the external iliac
artery. This is a critical artery and ligation has a high probabil-
ity of resultant limb loss. Extra-anatomic bypass may be neces-
sary when limb viability is threatened. Injury to the iliac veins
is more difficult to control, especially at the confluence of veins.
Ligation of the injured iliac vein is a better option than interpo-
sition grafts, if lateral venorrhaphy is not possible. This should
be followed by a fasciotomy of the ipsilateral leg. The survival
from these injuries will depend upon the presence of associated
injuries. Isolated arterial injuries carry a survival rate of 87%,
while it was about 94% for isolated iliac venous injuries.

In summary, the presence of major abdominal vascular
injury is apparent early. In patients who are stable to reach
the operating room, a reasonable survival may be expected.
The exceptions are wounds of suprarenal aorta and the retro-
hepatic veins. With increasing appreciation of physiology and
the application of principles of “damage control,” as discussed
below, survival is much improved in recent series.

Minimally Invasive Surgery in Trauma and
Acute Care Surgery*

Laparoscopy can play a major role in the evaluation and man-
agement of the stable patient with penetrating trauma to the
abdomen.?>** Laparoscopy is invaluable in the evaluation of
thoracoabdominal wounds (the so-called intrathoracic abdo-
men). Laparoscopy also has a role in selected patients with

missile wounds with doubtful trajectory through the peri-
toneal cavity. Selective management of abdominal gunshot
wounds can be accomplished without morbidity. A significant
number of patients with minor grades of hemoperitoneum,
minor lacerations of liver and spleen, and nonexpanding
mesenteric hematomas away from bowel wall can be man-
aged without laparotomy successfully. It is noteworthy that
recent experience is encouraging in the problematic issue of
bowel injury—a high index of suspicion and a low threshold
for laparotomy in the presence of hematomas near or around
the bowel wall and a greater proficiency in running the small
bowel and mobilizing the retroperitoneal colon.

Operative Technique. A 10-mm 30 degree forward-seeing
laparoscope is inserted via a 10-mm trocar placed by cutdown
into the peritoneal cavity with intra-abdominal pressures lim-
ited to 15 mm Hg. First, peritoneal violation is confirmed. A
10-mm camera port is created at the suprapubic region for
alternative use and two 5-mm ports are placed at right and left
paramedian sites. The surgeon inspects the stomach, omen-
tum, transverse colon, and diaphragm on the patient’s left side
from the umbilical camera port with the patient in the reverse
Trendelenburg’s position. The pancreas and the posterior gas-
tric wall are inspected after the scope is introduced into the
lesser sac if a hematoma or fluid accumulation is found in
the lesser sac. Next, the pelvic organs are inspected with the
patient in Trendelenburg position. For complete evaluation of
the ascending colon and the small bowel, the laparoscope is
inserted into the suprapubic camera port, and with atraumatic
grasping forceps through the umbilical port and the left para-
median port, the bowel is “run.” By changing the position to
the right, the surgeon runs the proximal one-third of the small
bowel and the descending colon. Once all injuries are assessed,
the surgeon can decide upon laparoscopic repair, open laparot-
omy or hand-assisted laparoscopic resection, and anastomosis
of the bowel. Some of the therapeutic procedures now success-
fully performed in trauma include hemostasis of bleeding solid
organs, splenectomy, cholecystectomy, distal pancreatectomy,
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A Deep mid-renal
laceration into pelvis

B Closure of pelvis
Ligation of vessels

FIGURES 5.29 AND 5.30. Techniques of renorrhaphy.

C Defect closure

D Absorbable gelatin
sponge (gelfoam)
bolster

repair of diaphragm lacerations with intracorporeal sutures or
staples, and repair or resection and anastomosis of perforated
hollow organs with laparoscopy-assisted procedures. A care-
ful honest evaluation of his/her own surgical expertise, patient
stability, adequacy of available in staff and tools are important
prerequisites for the surgeon in the success of minimally inva-
sive techniques in trauma.

Diagnostic and Therapeutic Laparoscopy in
the Evaluation of Acute Abdomen

The principles of diagnostic laparoscopy are increasingly applied
to acute care surgery.*2® A recent meta-analysis on the subject
confirmed the excellent role in establishing the diagnosis of
acute cholecystitis and intestinal ischemia in critically ill patients
atlevel 2 and 3 evidence, as well as in cardiac surgery patients to
exclude abdominal catastrophes. It is well tolerated if performed
by trained acute care surgeons. The role of laparoscopy in the
diagnosis of acute appendicitis in women has been confirmed
as superior to CT scan. Therapeutic laparoscopy is increasingly
applied in selected patients with small bowel obstruction, incar-
cerated hernias, perforated peptic ulcer, adnexal pathology, and
acute diverticulitis. In some instances, randomized studies have
proven the superiority of laparoscopic-assisted surgery over
conventional open procedures (e.g., sigmoid resection for com-
plicated acute diverticulitis).?® The therapeutic arm of minimally
invasive surgery is expanding rapidly.

The Role of Thoracoscopy in Trauma?

Both laparoscopy and thoracoscopy? are useful techniques for
evaluating the diaphragm after penetrating trauma. Thoracos-
copy provides excellent visualization of the posterior recesses
of the thoracic cavity, areas often not well seen with the lapa-
roscope. Consequently, it should be the preferred approach
for posterior wounds from the posterior axillary line to the
spine. For an anterior lower chest wound with potential injury
to the dome of the diaphragm, thoracoscopy can confirm the
injury, facilitate evacuation of residual blood and clots from
the hemithorax, and also permit easy repair of the diaphragm.
In the absence of a pneumothorax and if the wound is ante-
rior and low in the interspaces, laparoscopy offers the follow-
ing advantages: (1) An unnecessary thoracostomy tube may
be avoided and (2) abdominal injuries can be assessed. Tho-
racoscopy may be performed by routinely available instru-
ments such as sponge forceps, lung clamp, Yankauer suction.
General endotracheal anesthesia with a double lumen tube is
commonly used to allow collapse of the lung on the injured
side. The full lateral decubitus position, as for a posterolateral
thoracotomy, provides the best visualization of the diaphragm
with the mediastinum shifting away. The modified lateral posi-
tion with the patient’s torso propped up with a “bean bag”
and the arm suspended above the head with a screen works
well, should an abdominal exploration become necessary. The
optimal positioning of the camera and accessory ports is in
the shape of a baseball diamond with the camera at the home
plate, the area of interest at second base, and the additional
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A Partial polar nephrectomy

FIGURE 5.31. Technique of partial nephrectomy.

B Collecting system closure

)

C Omental pedicle flap

ports at first and third bases. The initial incision for the cam-
era placement is in the 6th or 7th space or at the site of the
tube thoracostomy. The placement of additional ports may be
determined after the initial inspection with the thoracoscope.
Generally, three or four ports are needed and should be placed
so that they may be incorporated into the thoracotomy inci-
sion, should one become necessary.

Ports placed in the 3rd interspace provide excellent expo-
sure of the apical region. Posteriorly placed (in the scapular
line) port in the 3rd or 4th space provides access to the carina
on the right and peritracheal regions on both sides. For inspec-
tion of the diaphragm, the camera is placed in the Sth inter-
space, in the anterior axillary line for anterior wounds and
posterior axillary line for posterior wounds. The thoracic cav-
ity is suctioned of all blood and clots and rapidly inspected for
active bleeding. The chest wound is probed with a blunt clamp
to indicate the area of the diaphragm at greatest risk. The area
of concern is easily inspected with suitable retraction of the
lung and mediastinum. Occasionally, herniated omentum or
abdominal structures mark the presence of a diaphragmatic
wound and hernia. These may be reduced, the diaphragm
repaired, and the abdomen investigated by laparoscopy. For
clotted hemothorax, the thoracic cavity is emptied of all blood
and clots and one or more chest tubes are inserted into the
chest under thoracoscopic guidance. Irrigation of the chest
and efficient emptying of the chest by the thoracoscope will
help prevent subsequent residual hemothorax or empyema.
The ideal timing is within the 1st week after thoracic injury.

With increasing technical expertise and advanced training
in minimally invasive surgery, both laparoscopy and thoracos-
copy have become applicable for both diagnostic and thera-
peutic indications in trauma and acute care surgery.

DAMAGE CONTROL
(ABBREVIATED LAPAROTOMY)*-!

No discussion of surgical procedures for trauma and acute
care surgery can be complete without a mention of “damage
control” surgery?*3! discussed in detail elsewhere in this text.
First discussed by Stone in 1983, the technique involved sav-
ing the day for another day in battle by truncation of laparotomy,

intra-abdominal packing for tamponade of mechanical bleed-
ing, and subsequent completion of definitive surgical repair
when the patient is in better physiologic condition.

Damage control consists of three separate parts: rapid
control of hemorrhage and contamination; intra-abdominal
packing and temporary abdominal closure (Part I), correction
of hypothermia by rewarming; correction of coagulopathy;
fluid resuscitation and optimization of tissue perfusion (Part
IT) and reexploration for definitive management of injuries
and abdominal closure (Part III). This concept of abbreviated
laparotomy and non-closure of abdomen has lead to profound
advantages in the management of severely unstable trauma
patients. These principles are now being applied to various
aspects of acute care surgery. Morgan et al.** demonstrated
this in 8 patients with exsanguinating hemorrhage and severe
sepsis related to pancreatic surgery. Similar application of
damage control can be applied to all critically ill patients with
acute abdominal conditions.

BASIC OPERATIVE APPROACHES
IN EXTREMITY INJURIES?*

While a complete discussion of extremity surgery is beyond the
scope of this chapter, the principles that deserve emphasis are
temporary prevention of hemorrhage by pressure dressings or
tourniquet and prompt identification and definition of impaired
perfusion.®? Arterial inflow/venous outflow is quickly reestab-
lished by insertion of temporary intraluminal shunts, external
fixators to stabilize fractures, debridement of necrotic soft tis-
sues, and completion of fasciotomy for suspected or confirmed
compartment syndromes.: This is “damage control” extremity
surgery. Following orthopedic stabilization at a second opera-
tive procedure, the shunts are removed and a reversed autog-
enous saphenous vein graft from an uninjured lower extremity
is used to restore arterial continuity. Venous drainage is rees-
tablished even temporarily, accepting the inevitable clotting of
these repairs and grafts in the venous system. Coverage of vas-
cular suture lines and conduits under healthy tissue is the next
important principle. Finally, the importance of primary ampu-
tation of unsalvageable mangled extremity to save the patient’s
life, while a difficult decision, cannot be overemphasized.
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SUMMARY AND CONCLUSION

The basic operative techniques in trauma and acute care surgery
follow the time-honored principles of caring for the critically ill
or injured patient: emergency priorities focusing on restoration
of normal physiology as rapidly as possible before anatomic
repairs. Proficiency in acute care surgery is synonymous with
the ability to use all of the currently available techniques.
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CHAPTER 6

DAMAGE CONTROL

MANAGEMENT/OPEN ABDOMEN

BRETT H. WAIBEL AND MICHAEL F. ROTONDO

HISTORY AND EVOLUTION
OF DAMAGE CONTROL

While historically the management of the injured patient was
done by the general surgeon, treating these patients like an elec-
tive surgery patient, with attempts at definitive repair at onset,
failed to obtain satisfactory results, mainly due to fundamental
differences in physiology and anatomic issues. The multisys-
tem trauma patient has the potential for severely destructive
injuries across multiple organs and/or body spaces usually not
seen with the elective surgery patient. In addition, a prolonged
time from injury to definitive care allows for ongoing bleeding
and visceral contamination, resulting in altered physiology on
presentation. The elective surgery patient presents with stable
physiology, and does not suffer from uncontrolled bleeding
or visceral contamination generally. Finally, the initial evalu-
ation between these patients is necessarily different. The mul-
tisystem trauma patient may not have the physiologic reserve
to undergo extensive evaluation and imaging commonly uti-
lized with elective surgical patients. Furthermore, the shock
state common in emergent trauma patients often prevents the
patient from being able to provide a basic medical history. It
is these essential differences of altered physiology, delay of
presentation, complications from ongoing bleeding and con-
tamination, and limited or absent preoperative medical history
and evaluation that make the traditional attempt of definitive
repair at presentation often futile. Ongoing bleeding from
coagulopathy, initial physiologic failure from unresuscitatable
shock, and subsequent multiple organ system failure later in
the patient’s hospital course present specific challenges that
defy conventional therapy.'-

While this problem was known and discussed in the first
half of the 20th century, it was not until the early 1980s that
the foundations for a solution were placed. H. Harlan Stone
presented work in aborting laparotomy for coagulopathic
bleeding using abdominal packing and Burch with hepatic
injuries demonstrated improvement in outcomes over tradi-
tional approaches.** However, the term “damage control” and
its sequence was not defined and refined until the 1990s by
Rotondo and Schwab.*”

While initially developed for abdominal injury with uncon-
trolled hemorrhage, damage control concepts have expanded
into other areas, including vascular surgery and orthope-
dics.’®! These concepts have even altered the way the mili-
tary organizes its treatment of severely injured soldiers.'>"
In emergent general surgery, damage control techniques have
been applied to those patients who develop similar physi-
ologic instability and intolerance of the shock state.'*** How-
ever, with the aggressive resuscitation employed along with
damage control, the incidence of abdominal compartment
syndrome (ACS) and open abdomens has increased.?!**> The
increased exposure to open abdomens has allowed surgeons
to gain experience in their management with development of
multiple methods of obtaining temporary abdominal closure.
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Additionally, recognition of ACS, both in trauma and with
intra-abdominal catastrophe, and its treatment has probably
been a huge source of the improved outcomes in both patient
populations. 62223

New strategies have been devised to reduce the volume of
resuscitation as well as deal with the metabolic alterations
the shock state and the resuscitation itself creates. Permis-
sive hypotension and “damage control resuscitation” using
fresh frozen plasma in a 1:1 ratio with packed red blood cell
have been recently debated in the literature.?**% Many novel
strategies involving transfusion ratios, alternative fluids, and
hemostatic dressings are currently being evaluated.?’ As resus-
citative technique and our understanding of control of physi-
ology prior to operative intervention improve, the need for
damage control and its adjuncts may decrease.

DAMAGE CONTROL
INDICATIONS

In the traditional approach by general surgeons, control
of bleeding and contamination were achieved and followed
immediately with definitive repair and closure of the abdo-
men at the first surgery. The core concepts of damage control
surgery evolved out of the failure of traditional approaches
to exsanguinating hemorrhage from traumatic injury. Damage
control changed the traditional sequence via termination of the
initial laparotomy after cessation of hemorrhage and control
of contamination, preferably before the development of physi-
ologic exhaustion as noted by the development of acidosis,
coagulopathy, and hypothermia (“the bloody vicious cycle”).>
Instead, definitive repair is delayed until after reestablishment
of the patient’s physiology in the ICU. Abdominal closure may
even be delayed further if the resuscitation required to treat
the patient would lead to ACS (Table 6.1).

The decision to carry out a damage control procedure
should be made early in the operation, before the development
of hypothermia, acidosis, and coagulopathy. Waiting for the
development of this triad to abbreviate the operation reduces
the success of damage control surgery, as the components of
this triad interact to worsen ongoing hemorrhage, ultimately
leading to the patient’s demise.’! While temperature below
35°C, pH below 7.2 or base deficit exceeding 8, and evidence
of coagulopathy clinically or via laboratory are often discussed
as indications for abbreviating the operation in favor of dam-
age control, no definitive values exist for consideration of a
damage control procedure.’?-3*

In addition to physiology parameters, another indication
for damage control is the presence of multiple injuries, both
within and without the operative field, which would exceed
the patient’s physiologic reserve to definitively repair. Complex
injuries, such as those combined to the pancreas and duode-
num, may require exceedingly long operative times. Prefer-
ably, the damage control laparotomy should be <90 minutes
in duration.
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TABLE 6.1

INDICATIONS FOR DAMAGE CONTROL

1. Hemodynamic instability

2. Coagulopathy on presentation or during operation
(clinical or laboratory)

3. Severe metabolic acidosis (pH < 7.2 or base deficit > 8)
4. Hypothermia (< 35° C)

5. Prohibitive operative time required to repair injuries
(>90 minutes)

. High-energy blunt torso trauma
. Multiple penetrating torso injuries

. Multiple visceral injuries with major vascular trauma

O o N &

. Multiple injuries across body cavities

10. Massive transfusion requirements (> 10 units packed

red blood cells)

11. Presence of injuries better treated with nonsurgical
adjuncts

Injuries outside of the operative field are easily forgotten,
especially those across multiple body cavities. Continuing or
recurrent hemorrhage from these sites can hasten a patient’s
advance toward physiologic collapse and may not be imme-
diately identifiable by the operative team. Hemorrhage con-
trol should be treated as a continuum across body cavities
and regions, with the surgeon starting at the perceived most
compelling source of hemorrhage and expeditiously moving to
other sites as the situation develops, keeping in mind sites that
are outside the operative field.

Injuries that may be better treated with adjuncts, such as
angiographic embolization of hepatic or pelvic injuries, are
another potential indication for damage control surgery.
When identified intraoperatively, such an injury can be tempo-
rized with packing followed by angioembolization. The varia-
tion in physiologic reserve across different patient populations
must also be considered. The elderly, young, and those with
multiple medical comorbidities have less tolerance for pro-
longed surgical procedures.

Thus, constant reevaluation of the patient is needed to
identify those patients who would benefit from an abbrevi-
ated operative approach and subsequent aggressive secondary
resuscitation. The evolving physiology, time for repair, concur-
rent injuries and their effects on the patient, and the patient
themselves all factor into the decision to abbreviate the opera-
tion to prevent collapse of the patient’s physiology.

DAMAGE CONTROL SEQUENCE

When first conceptualized for exsanguinating truncal trauma,
damage control focused upon management of ongoing hem-
orrhage and visceral contamination from abdominal injuries
(part 1). This was followed by reestablishment of the patient’s
physiology in the intensive care unit (part 2) before defini-
tive repair in the operation room (part 3) and closure of the
abdominal wall (part 4). With further process improvement,
the significance of the prehospital setting (ground zero) and
expansion of damage control to extra-abdominal injury began
to be evaluated (Algorithm. 6.1). A description of the pro-
cess in the exsanguinating abdominal trauma patient follows,
though many parallels can be noted in other emergent surgery
patients, such as those with abdominal sepsis.

GROUND ZERO: PREHOSPITAL
CARE/INITIAL RESUSCITATION

The prehospital care received by the trauma patient can have
profound implications on their outcomes. The need for rapid
transport or transfer to definitive care cannot be overempha-
sized.’”*® Theories on resuscitation have arisen recognizing
the potential of traditional methods of focusing on increas-
ing hydrostatic pressure to normal levels to restore tissue per-
fusion to destabilize clots and increase bleeding, which may
have a deleterious effect upon the patient.?* A moderate resus-
citation goal to systolics of 80-90mm Hg with concomitant
signs of end-organ perfusion during transport may be more
prudent for patients with prolonged transfer times.?*** Some
militaries are resuscitating only to the presence of a radial
pulse and cleared sensorium in austere environs.*'* Prehos-
pital hypotension, despite resolution before arrival at the hos-
pital, should be considered a warning sign for a more severely
injured patient with the potential for a prolonged operation.*
Communication between the transporting crew and hospital
personnel before arrival allows for mobilization of resources
to prevent delays in the care of the unstable trauma patient.

Advanced Trauma Life Support is the foundation for care
at this stage.* Airway management and correction of breath-
ing disorders using adjuncts like endotracheal intubation and
tube thoracostomy are well described. Circulation assessment
with point control of hemorrhage and alignment of fractures
should be performed. Resuscitation is begun via large bore
intravenous and occasionally intraosseous catheters using
a combination of isotonic crystalloid and blood product. A
rapid evaluation using adjuncts, such as focused abdominal
sonography in trauma, diagnostic peritoneal lavage, tube tho-
racostomy, and radiographic imaging of the chest and pelvis,
to identify sites of ongoing hemorrhage is performed. The
rapidity and ease of the mentioned adjuncts makes them par-
ticularly useful, but are not absolute. Diaphragm injuries can
allow for transmission of blood between cavities. The areas
prone to unobserved bleeding in an unstable patient are intra-
thoracic, intraperitoneal, pelvic/retroperitoneal, or long bone
fracture sites. One must not forget the potential for bleeding
prior to arrival from external wounds, especially those associ-
ated with the scalp. Generally, fluid in the peritoneal cavity
with hypotension will lead to a celiotomy, while large volume
loss from tube thoracostomy (>1,500mL) or ongoing drain-
age (>200mL per hour over 3-4 hours) indicates the need for
a thoracotomy. Localization of ongoing hemorrhage allows
for better planning of operative intervention and can be per-
formed in <20 minutes.

PART 1: CONTROL OF
HEMORRHAGE AND
CONTAMINATION (INITTAL
LAPAROTOMY)

The initial operative intervention is the focus of the next phase.
The goal is an abbreviated operation for control of mechanical
hemorrhage and visceral contamination. The operation is
abbreviated to prevent depletion of the patient’s physiologic
reserve and initiation of nonmechanical (coagulopathic) hem-
orrhage. After evacuation of the peritoneal cavity, hemorrhage
control is established using abdominal packing, especially
with hepatic, retroperitoneal, and pelvic injuries. Shed blood
can be collected using a variety of techniques for return to the
patient; however, they remove the clotting factors, leading to
a coagulopathy without the concomitant use of plasma and
cryoprecipitate replacement.
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ALGORITHM 6.1

ALGORITHM 6.1 Damage control timeline.

While specifics of operative intervention are described else-
where, some underlying themes can be established.***” Central
is full exposure of the injuries to identify ongoing bleeding and
contamination. Numerous maneuvers, including Kocher, Mat-
tox, Aird, and Cattell-Braasch, allow for exposure of the ret-
roperitoneal structures as needed. Suture ligation and control
of the vascular pedicle of solid organs is commonly used to
gain rapid control of ongoing hemorrhage. Some solid organs,
such as the spleen or isolated kidney with normal contralat-
eral kidney, may be sacrificed if repair times are prohibitively
prolonged. Those vessels that provide end-organ supply or
outflow to vital organs/regions, such as the suprarenal vena
cava and portal vein, however, require repair. Shunting tech-
niques are available to allow temporary restoration of flow
during the resuscitation (part 2) phase before definitive repair
(part 3) while reducing ischemic injury.**3 A large variety of
hemostatic agents have entered the market over the last few
years.** While human data is limited to case series, animal data
does exist showing improved outcomes in hemorrhage control.
Some early generation agents released large amounts of thermal

energy, leading to burns of uninjured tissues.’>*® Adjuncts, such
as angiography with embolization, may be needed to obtain
hemorrhage control in inaccessible areas, such as the pelvis.

Control of intestinal injuries causing contamination of the
peritoneal cavity is the second important objective. Closure of
the visceral wound with suture or stapling techniques can easily
and quickly control ongoing contamination. Formal repairs are
avoided in the unstable patient with intestines left in discontinuity
until definitive repair is performed in part 3 of damage control.

Positioning in the operating room is important, especially
with multiple compartment injuries. The combined thoracic/
abdominal compartment injuries are not suited by either a
supine or decubitus position used in abdominal or thoracic
trauma. The taxicab hailing position will often allow for prac-
tical exploration of both compartments (Fig. 6.1). The patient
is placed in a supine position with the chest laterally rotated
30 degrees anterior to the coronal plane using folded blankets
to one side based upon preoperative evaluation. The arm can
be included into the operative field if manipulation is required.
The position also allows for sternotomy if needed.



Chapter 6: Damage Control Management/Open Abdomen

FIGURE 6.1. Taxi cab hailing position: note torso rotation to 30 degrees anterior to coronal plane with blankets. Arm abducted to
90 degrees for exposure of chest wall.

Temporary abdominal closures can further decrease the
time in the operating room. Use of the abdominal pack or
vacuum-assisted abdominal dressing allows for rapid reentry
while preserving fascial integrity for latter closure.’”*! In addi-
tion, effluent from the abdominal cavity can be managed and
quantified to facilitate the ongoing resuscitation.

PART 2: RESUSCITATION IN
INTENSIVE CARE UNIT

After the initial operation, the patient is transferred to the inten-
sive care unit to reestablish the patient’s physiology by aggres-
sive resuscitation with intravenous fluids and blood products
in conjunction with correction of hypothermia, acidosis, and
coagulopathy. The fluid choice for resuscitation can have major
effects. The use of normal saline in large volumes leads to a
hyperchloremic (nongap) metabolic acidosis.®* Animal models
suggest the potential for proinflammatory mediator stimulation
with lactated Ringer’s solution.®>%* Colloids have been suggested
as an substitute resuscitative fluid; however, evidence of superi-
ority to crystalloid does not exist, and maybe even increases
mortality in trauma patients.®*” Hypertonic saline reduces
inflammatory mediator activation in animal models, but has
failed to show superior improvements in mortality or morbidity
in clinical trials.%7! Isotonic crystalloids (normal saline/lactated
Ringer’s solution) are used for the majority of resuscitations.

A debate over transfusion policies in patients requiring
massive transfusion protocols (>10 units packed red blood cell
in first 24 hours) rages.?2%7283 A host of articles on transfu-
sion ratios have been published since 2007 with the military’s
report on improved survival with a 1:1:1 platelet:plasma:pRBC
transfusion ratio compared to the traditional 1:4 to 1:5
plasma:pRBC ratio. While most of the civilian literature sup-
ports this aggressive transfusion policy in a small group of
patients (1%-3% of civilian trauma patients), not all studies

have shown survival benefits. In addition, the optimal ratio
of plasma to red blood cells has yet to be fully determined.
Massive transfusion is not without complications, including
the potential for acute transfusion reactions, electrolyte disor-
ders (hypocalcemia and hyperkalemia), acidosis, hypothermia,
dilutional coagulopathy, and alteration of red blood cell mor-
phology and oxygen-binding affinity.>

Recombinant factor VIla has also been evaluated for its
potential in hemorrhage control due to the acquired coagu-
lopathy of trauma. Multiple case reports and one single
randomized controlled trial have been done with variable
results.?**% On the whole, it appears to reduce the transfusion
requirements, especially if given early in the course of acquired
coagulopathy, and correct the coagulation profile, but mortal-
ity does not appear to be improved. The recent multicenter
CONTROL trial was discontinued for futility due to low mor-
tality rates.” Also, the potential for thromboembolic events
has been argued given its mechanism of action.'® Other com-
pounds, such as prothrombin complex concentrates (PCCs),
are also now being evaluated. While having a history of clini-
cal use in hemorrhage from vitamin K antagonist coagulopa-
thy and hemophilia with inhibitors, animal models are being
developed for trauma with PCCs. 10110

While induced hypothermia has shown benefit in some
elective surgical interventions, hypothermia on arrival to
definitive care (spontaneous hypothermia) has shown almost
uniform negative consequences in trauma patients.!'*!!”
A depletion of energy levels in the hypothermic trauma patient
compared to the elective surgical patient exists.''®12! Some of
this depletion may be due to metabolic exhaustion and inabil-
ity to restore the adenosine triphosphate supply, while some
may be due to uncontrolled shivering in the prehospital setting
and the energy consumption associated with it.'*? Recent stud-
ies on hypothermia in trauma patients have used a tempera-
ture of 36°C to define hypothermia compared to the cooler
35°C in older studies, with identification that the effects of
hypothermia occur at warmer temperatures than previously
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thought. 15117123124 \{hile hypothermia has some potential
positive effects on cellular preservation, especially in the cen-
tral nervous system, a multitude of negative effects are noted,
including alterations in metabolism and drug clearance, altered
renal function and diuresis, electrolyte disturbances due to ion
shift and renal loss, and inhibition of the coagulation pathways
and platelet dysfunction.'?® Given the increased risk of death
associated with hypothermia in trauma, expedient rewarming
of the patient is recommended. A multitude of noninvasive
and invasive measures, including intravascular heat exchange
catheters and body cavity lavage, exist.'?* However, whether
prevention of hypothermia in the prehospital setting translates
into improved outcomes has yet to be shown.

Metabolic issues must also be addressed during this phase. In
addition to electrolyte disturbances that need to be expediently
corrected, hyperglycemia is commonly present in these criti-
cally ill patients. Strict glycemic control with aggressive insulin
therapy has become commonplace since Van den Berghe’s 2001
study; yet, more recent studies have given variable results.!27-133
A recent meta-analysis found that intensive insulin therapy
increased the risk of hypoglycemia without a survival benefit
in critically ill patients; though a survival benefit was noted in
the surgical population when stratified by patient type (mixed,
medical, or surgical).’** Given these recent studies, some have
concluded that targeting age-normal glucose levels in units not
equipped or accustomed to aggressive insulin therapy should
be avoided and instead to target “to maintain blood glucose
levels as close to normal as possible without evoking unaccept-
able fluctuations, hypoglycemia, and hypokalemia”.'3

While multiple resuscitation endpoints have been described,
no single test is ideal.!**13% Even once vital signs are normal-
ized, the majority of patients exhibit evidence of inadequate
tissue perfusion and oxygenation.'® Given the poor response
of traditional vital signs, such as heart rate and blood pressure,
to detect shock, alternative measures are being developed, such
as shock index and heart rate variability.'**!5° Resuscitation
should continue until the shock state has resolved as deter-
mined by multiple methods of evaluation. While the medical
critical care literature general shows a lack of efficacy of pul-
monary artery catheter-based resuscitation, surgical literature
tends to support its use, especially with right ventricular end-
diastolic volume index (RVEDVI) pulmonary catheters.!'S!-153
This discrepancy probably exists due to the differences in the
patients themselves and volumes used to resuscitate between
medical and surgical disease processes. A RVEDVI pulmonary
catheter can help guide the resuscitation volume and pressure
use in the difficult resuscitation.

Generally, once hemorrhage is controlled, the patient can be
resuscitated and prepared for return to the operating room in
the following 24-48 hours. While normalization of vitals usu-
ally occurs rapidly, a short period of time to regain true physi-
ologic reserve is needed. In hypothermic trauma patients, the
energy stores lag behind normalization of vitals, even beyond
24 hours from injury.'” Failure to regain a stable physiology
in a short time is an indication that ongoing bleeding is present
or the patient is developing an ACS. This should hasten the
return to the operating room for reexploration before recovery
of the patient’s physiology.

Care should be taken to prevent iatrogenic injuries during
this and subsequent phases. Inappropriate ventilator strategies
can produce or extend injury. The ARDSNet studies demon-
strate the ventilator as a major inducer of pulmonary injury
and acute respiratory distress syndrome (ARDS)."*57 A lung
protective strategy of 4-6 mL/kg of lean body weight should
be used. Sedation and analgesia are commonly needed to pro-
mote synchrony between the patient and ventilator with these
strategies.’*® A small group of patients may even require neu-
romuscular blockade to achieve synchrony; however, their use
has not shown improvement in either mortality or oxygen con-
sumption in ARDS. Their use has been associated with higher

prevalence of myopathy and neuropathy, especially with renal
or hepatic dysfunction or asthma.'5%-1¢3

ACS is a common complication seen in the severely injured
patient. While normal intra-abdominal pressure is 5-7 mm Hg,
pressures above 12mm Hg are designated intra-abdominal
hypertension.'®*1% In some patients, the increased visceral
edema is noted at the initial surgery manifested by the inabil-
ity to return the visceral block to the peritoneal cavity; while
in others, a delayed presentation with development during the
resuscitation takes place.”? ACS, the clinical entity hallmarked
by hypotension, increased ventilatory pressures, and oliguria
in the presence of intra-abdominal hypertension, should be
routinely monitored for by checking bladder pressure mea-
surements.*”1%8 Clinical examination and abdominal circum-
ference measurements correlate poorly with intra-abdominal
pressure as the elasticity of the abdominal wall is not a linear
function of distention.'s*'”! While intra-abdominal pressures
exceeding 30 mm Hg are most associated with ACS, patients
have been noted to develop this syndrome with pressures
below this level.'”? In 2006, the World Society of Abdominal
Compartment Syndrome (WSACS) defined ACS as sustained
intra-abdominal pressures above 20mm Hg associated with
new organ dysfunction or failure.!s

The physiologic effects of ACS are global. The cardiovascu-
lar system undergoes an increase in peripheral vascular resis-
tance from compression of the vascular beds and increased
sympathetic signaling while venous return to the heart via the
inferior vena cava is decreased due to the increased abdominal
and thoracic pressures.!”>'”S Additionally, cardiac compression
causes atrial natriuretic peptide secretion to decrease, resulting
in further fluid sequestration. Eventually, the patient becomes
unresponsive to volume loading.'”® Pressure measurements
(central venous pressure, pulmonary capillary wedge pressure)
from pulmonary artery catheters become uncoupled to volume
status.'”” In this situation, RVEDVI, which does not depend
upon pressure measurements, becomes the best measure of vol-
ume status.**152 Ultimately, a cycle of hypotension treated with
volume resuscitation leads to further edema and increases in
intra-abdominal pressures that worsen the clinical syndrome.

Increases in ventilatory pressures occur with ACS. While
impediment of diaphragm movement from increased intra-
abdominal pressure is present, resulting in 20%-80% of the
intra-abdominal pressure being transmitted intrathoracic,
other factors are involved.'” Typically in these patients, aggres-
sive volume resuscitation has led to increased chest wall edema
and extravascular lung water, resulting in decreased pulmo-
nary compliance.!” Furthermore, increases in positive end-
expiratory pressures (PEEP) are used to help in the recruitment
of lung lost to a decline in negative pleural pressures that result
in ventilation—perfusion mismatch, especially in the lower lung
lobes. The combination of elevated PEEP along with transmis-
sion of intra-abdominal pressures results in increased intra-
thoracic pressures, which can further act to decrease cardiac
return and output.'”® The increase in intrathoracic pressures
coupled with a decline in pulmonary compliance leads to the
increase in ventilatory pressures needed for lung expansion.

Renal function impairment, noted by oliguria or anuria,
is the third clinical component of ACS and is independent of
volume expansion and maintenance of cardiac output.'s"!$2
Outside of direct compression of the ureters from a pelvic
hematoma, ureteral compression is not a cause of the renal
failure as stenting fails to correct the oliguria. While mixed
results have been seen in studies on direct renal parenchy-
mal compression, compression of the renal vein creates ACS
like failure, probably due to renal venous hypertension and
decreased blood flow in the kidney.'$31%5 Additionally, a decline
in the filtration gradient probably occurs as the increase in
intra-abdominal pressure exceeds proximal tubular pressures,
leading to a decrease in glomerular filtration rate. Activation
of the renin-angiotensin-aldosterone pathway further worsens
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oliguria with increases in antidiuretic hormone and aldoste-
rone.'$¢18” The combination of decreased cardiac output and
renal venous compression along with parenchymal compres-
sion and endocrine alterations leads to the “dose-dependent”
oliguria and anuria of ACS.

In addition to the aforementioned systems, ACS affects
other body systems. Visceral blood flow is almost uniformly
decreased and may be a component in intestinal anastomo-
sis failure.'$$"! Additionally, bacterial translocation appears
to increase with increased intra-abdominal pressures.!*>!%3
Transmission of intra-abdominal pressures is associated with
increased intracranial pressures.'”*'”® Some have advocated
decompressive laparotomy for patients with head injury and
intracranial hypertension.’”"”” Additionally, abdominal wall
blood flow is altered with increasing intra-abdominal pres-
sures.?” Closure with increased tension and relative tissue
ischemia may result in tissue necrosis and fascial dehiscence
to further complicate management of the abdominal wound.

Risk factors include severe hemorrhagic shock, damage
control surgery (especially with fascial closure), and elevated
penetrating abdominal trauma index. Elevated pulmonary
peak pressures and low gastric mucosal pH also correlate
with its development.?®! Aggressive fluid resuscitation has
been linked in several studies with volumes in excess of 10L
crystalloid, 10 units packed red blood cells (massive transfu-
sion), 0.25L/kg of crystalloid, or 6 L of crystalloid or units of
packed cells in 6 hours associated with an incidence between
5% and 30%, depending on the patient population and
definition used for ACS.?2202203 Tighter abdominal closures,
including primary fascial closure, have the highest incidence
of ACS, death, ARDS, and multiple organ failure; however,
use of the temporary abdominal closures does not guarantee
its prevention.?**2% The development of ACS in patients with
temporary abdominal closures has a higher mortality than in
those patients with an open abdomen without development
of ACS.2" It is through delays in identification and commenc-
ing therapy that increases in morbidity and mortality occur.2%®
Recognition and treatment with decompression of the abdom-
inal cavity improves perfusion and organ function.?>?'° In one
prospective study, the mortality of severity-adjusted patients
with an open abdomen approached that of patients without
an open abdomen with aggressive monitoring and treatment
of ACS based upon the WSACS guidelines.?>*!!

PART 3: DEFINITIVE INJURY
REPAIR (SUBSEQUENT
LAPAROTOMY)

Once the patient’s physiologic reserve has been restored, defini-
tive repair can be undertaken (Table 6.2). Abdominal packing is
removed and a complete examination with identification of all
injuries and control of remaining errant bleeding points is per-
formed. Uncontrolled hemorrhage, hemodynamic instability,
or inability to undergo a prolonged operation would prompt an
abbreviated laparotomy for control of hemorrhage and visceral
contamination followed by return to the ICU for resuscitation.

The definitive repairs required will depend upon the injury
and organ system concerned; however, one should consider
limiting the use of prosthetic material in a contaminated wound
and the need to return to the operating room for further wash-
outs prior to definitive closure. Some repairs can be considered
that would not have been undertaken in a traditional, single
operative setting. For example, isolated colon injuries have tra-
ditionally been treated with an ostomy; however, in a resus-
citated patient, one might consider a primary anastomosis,
especially if the patient would poorly tolerate an ostomy.?!? The
abdomen should be thoroughly irrigated upon completion of

TABLE 6.2

SEQUENCE OF DEFINITIVE REPAIR

. Careful removal of packs

. Inspection/identification of all injuries

. Control of remaining errant bleeding points

. Definitive gastrointestinal repair

. Thorough abdominal washout

Avoid stomas and tube enterostomies, if possible
. Nasoenteric feeding tube placement

. Closed suction drainage, if needed

. Temporary vs. definitive abdominal wound closure

—_
S

. Tracheostomy, if needed

—_
—_

. Radiographic evaluation for retained packing before
definitive abdominal closure

repairs. Closed suction drains should be used, when necessary.
While definitive closure of the abdomen is preferred, a tempo-
rary abdominal closure may be required. One should attempt
to ensure the intestines are located below the fascial level. The
omentum is useful in providing coverage of the abdominal vis-
cera to provide additional protection from injury.

Stomas and tube enterostomies should be avoided if pos-
sible owing to potential complications, as considerable changes
in abdominal wall geometry can occur in the critically ill
patient.?!3215, However, nutritional support is incredibly essen-
tial in this patient population.?!® Postpyloric nasoenteric feeding
tubes provide continuous feeding, even during return trips to
the operating room. Initiation of enteral feeds should be delayed
in unstable patients because of the possibility for intestinal
ischemia, but ought to be started after physiology is restored
and proven stable. Even with an open abdomen, early enteral
feeding is possible and associated with reduced septic complica-
tions.?'”?2° Earlier primary fascial closure, lower fistula rates,
and decreased cost compared to patients with later (>4 days)
enteral feeding was noted in one study of open abdomens.?*!

Since acute lung injury and ARDS manifest themselves dur-
ing the 2nd and 3rd hospital days and can prolong ventilator
requirements for several weeks, consideration of a tracheos-
tomy should be made early.??*?2® Ventilator circuit disruption
after onset of pulmonary dysfunction can have devastating
consequences; a tracheostomy provides for a more secure air-
way during this tenuous time. While early tracheostomy may
decrease ventilator days and ICU stay, a high degree of mis-
classification may exist in this literature.??’

PART 4: OPEN ABDOMINAL
WOUNDS AND DEFINITIVE
ABDOMINAL CLOSURE

Before definitive abdominal closure is obtained, a radiographic
evaluation is made. Given the rapid nature of the initial opera-
tions and use of packing, closing counts cannot be trusted.
Imaging allows for further evaluation that retained foreign
bodies are not present and provides for a permanent record of
complete pack removal.

Primarily due to the aggressive resuscitation used with dam-
age control at present, approximately 40%-70% of patients
cannot initially have primary fascial closure.”»*** Tempo-
rary closures are desirable for patients undergoing repeated
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operations or have a distended visceral block preventing clo-
sure without ACS developing. While closing an abdomen,
increases in airway pressure above 10mm Hg from baseline
indicate that fascial closure should be delayed.

Multiple temporary closure methods are available
(Table 6.3).57-59:61:230-236 Qptimally, a temporary closure should
control the viscera while preventing additional peritoneal cav-
ity contamination or visceral injury. The abdomen should be
sealed and effluent controlled to preserve skin/soft tissue integ-
rity. The closure should avoid unnecessary tension to prevent
subsequent ACS. Finally, fascial integrity should be preserved
for latter use during definitive closure.

When closure of the abdomen is not initially possible, skin
closure techniques, silo placement, or vacuum pack techniques
are most commonly used. Skin closure techniques using suture
or towel clips, while the easiest closures that maintain domain
while avoiding fascial injury, are rarely watertight and create
(towel clips) radiographic artifacts, complicating diagnostic
and therapeutic adjuncts.?”” Silo placement (Bogota bag) has
been replaced by vacuum-assisted abdominal closures due
to their dynamic properties.?**?*> The vacuum pack dressing
(Barker technique abdominal dressing) is formed from com-
monplace supplies and can be done outside the operating
room.’”* An impervious dressing, created from a perforated
plastic drape or surgical towel wrapped in Ioban (3M, St Paul,
MN), is positioned between the visceral block and abdominal
wall to prevent adhesions while allowing effluent to egress the
peritoneal cavity. An interposition layer of Kerlex (Kendall,
Mansfield, MA) rolls with embedded closed suction drains
is placed next. A final layer of Ioban over the wound main-
tains a watertight system for skin preservation while suction
is applied to the embedded drains for control of peritoneal
fluids (Fig. 6.2). Commercial vacuum-assisted dressings, such
as the KCI V.A.C. and ABThera (Kinetic Concepts, Inc., San
Antonio, TX) and Renasys systems (Smith & Nephew, Inc., St.
Petersburg, FL), exist. The internal portions of the dressing are
replaced with a protected polyurethane sponge that facilitates
fluid collection while providing continuous medial traction on
the fascial edges to help prevent domain loss (Fig. 6.3).

If definitive closure is further delayed, other techniques are
employed. Sequential abdominal wall closure with temporary
abdominal dressings in the remaining defect is one option.
Vacuum-assisted dressings can be used with interpositional
meshes, and decreases in multiple organ system failure, ACS,
necrotizing fasciitis, and fistula formation have been seen
with interpositional mesh use.?*32*¢ No single mesh is entirely
ideal. Some meshes, such as Vicryl (polyglactic acid, Ethi-
con, Somerville, NJ) and Dexon (polyglycolic acid, Davis and
Geck, Danbury, CT), have low tensile strength and are prone
to tearing. The polypropylene meshes (Marlex, Bard, Billerica,

TABLE 6.3

CLOSURE OF OPEN ABDOMINAL WOUNDS

1. Immediate term
a. Skin closure only (suture or towel clips)
b. Vacuum-assisted abdominal dressing

2. Intermediate term
a. Sequential fascial closure
b. Sequential skin closure
c. Interpositional mesh placement
d. Vacuum-assisted abdominal dressing

3. Long term (planned ventral hernia)
a. Interpositional Vicryl mesh placement followed by split
thickness skin grafting and abdominal wall reconstruction

FIGURE 6.2. Barker technique vacuum pack abdominal dressing.

MA; Prolene, Ethicon, Somerville, NJ; Surgipro, US Surgical,
Norwalk, CT) have higher tensile strength but are associated
with higher fistula rates (15%-50%) due to an aggressive
inflammatory reaction.”*’” Gore-Tex (polytetrafluoroethylene,
Gore and Associates, Flagstaff, AZ) mesh, while nonadherent
and strong, has a high infection rate in this setting due to its
design.

While closure rates vary greatly in the literature, fascial
closure can be achieved in most patients.**® Interpositional
meshes have fascial closure rates from 22%-88%, with most
of the literature in the lower part of that range.?3244247:249.250
Vacuum-assisted techniques range from 29%-100%, with
most studies on the higher end without increase in morbid-
ity or mortality.’*60248251258 Qnly one prospective study has
directly compared interpositional mesh to vacuum-assisted
abdominal dressings, with no difference in fascial closure rates
between them (26% vs. 31%, respectively).?” More complex
closures with permanent synthetic meshes and fascial releases
or extensive skin flaps are avoided at this stage, as they carry
increased infection and wound complication rates. They also
complicate or prevent abdominal wall reconstruction tech-
niques, such as component separation, at later dates.®!

For patients for whom definitive closure is not achievable, a
planned ventral hernia with subsequent abdominal wall recon-
struction is a viable option. An absorbable interpositional
mesh (Vicryl) is placed and followed with a split thickness skin
graft once granulation tissue appears (generally 10-14 days).
After 6-12 months, the underlying viscera will fall away from
the skin graft, indicating that the abdominal wall reconstruc-
tion can be done then. Waiting beyond 12 months will not
improve the operative field, but loss of domain issues becomes
more frequent. Tissue expanders or flaps may be needed if soft
tissue coverage is insufficient.?*2° If sufficient fascia is pres-
ent for closure, then a fascial closure is performed, potentially
with a mesh onlay. However, an underlay mesh (allograft or
prosthetic) in a subfascial or retrorectus position and/or com-
ponent separation are usually necessary for abdominal wall
reconstruction.?*!2¢5 Allograft meshes have begun to be used to
bridge defects, but long-term outcomes are unknown,25266-269
The possibility for tissue regeneration and infection resistance
compared to synthetics makes them potentially superior in the
future. Survivors with a planned ventral hernia feel decreased
levels of physical, social and emotional health, but with defini-
tive abdominal reconstruction, return to the general popula-
tion baseline.?”°
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FIGURE 6.3. KCI V.A.C. system.
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COMPLICATIONS AND DAMAGE
CONTROL

Complications occur primarily in two time periods with dam-
age control. The initial intervention and resuscitation phase
has complications related to the sequelae of shock, injury, and
resuscitation. These include ACS, missed injuries, and intra-
abdominal infections. The later complications of enterocuta-
neous fistula are found during an open abdominal phase.

Given the ill nature of the patient at presentation, missed
injuries have a higher potential to exist. Some injuries, such
as those to the diaphragm, retroperitoneal structures (duo-
denum, ureters, bladder, and rectum), and difficult-to-expose
structures (posterior wall of stomach, pancreas, GE junction,
retroperitoneal colon, and mesenteric border of bowel), are
more common due to anatomy. Repeated examinations can
improve capture of these injuries, but damage control is not a
substitute for complete injury identification and control.?”!?7
The missed unusual or insufficiently controlled vascular injury
invariably leads to the patient’s death.

Intra-abdominal infection rates vary from 10% to 70%
and appear linked to the duration abdominal packs are
retained.?”>2”5 The interval between washouts, however, is
highly variable depending on the clinical situation. More fre-
quent washouts promote less abscess formation, but increase

the risk of fistula formation with more bowel manipulation.
While usual surveillance methods are used in damage control
patients, weekly abdominal CT scans for abscess surveillance
may be needed in those patients with persistent fever or leuko-
cytosis. Ventilator-associated pneumonia and catheter-related
infections are also common in the damage control patients.

Enterocutaneous fistula formation depends upon sev-
eral factors, including the nature of the injuries, the degree
of bowel manipulation, and care and closure technique of
the open abdomen. While higher rates have been noted in
the literature, fistula rates generally vary between 1% and
15%.230259:276277 Unfortunately, they tend to be the more
aggressive enteroatmospheric fistulae that occur within the
granulating bed of the open abdominal wound with lower
nonsurgical closure rates than typical fistula (around 25%).23
When encountered, standard therapies of bowel rest and total
parenteral nutrition are begun. While many techniques exist
in the literature beyond use of frequent dressing changes and
suction drains, all fall short of ideal in controlling the caus-
tic effluent.?’$2%% Thus, different strategies must be known as
individual patients will have differing responses to a therapy.
If effluent control can be obtained, a skin graft may be useful
for placement of an enterostomal appliance, and the fistula
managed as an ostomy. Fistula closure is normally deferred
until abdominal wall reconstruction and is associated with
increased complications.?®*
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Section 1: Fundamental Principles

DAMAGE CONTROL AND
ABDOMINAL SEPSIS

Emergency general surgery has adopted the techniques of
damage control and the open abdomen. Many of the man-
agement concerns of the damage control trauma patient and
the abdominal sepsis patient during the resuscitation and
open abdomen phases overlap. The open abdomen allows
for instant access to the peritoneal cavity and improved peri-
toneal toilet with control of effluent, when further debride-
ment is needed or source control cannot be obtained due to
patient hemodynamic instability.'"® The present studies have
been small, often with mixed populations of abdominal sepsis,
trauma, and ACS, and vary concerning mortality between the
open and closed abdomen cohorts.”-2%285:28¢ The prevention of
ACS probably has most influence on outcomes after an opera-
tion for peritonitis.

However, alterations to the damage control sequence are
needed for abdominal sepsis patients. An intra-abdominal
catastrophe without hemorrhage needs initial stabilization
of vitals, which with aggressive resuscitation can generally
be done in a few hours, preceding operative intervention
to prevent hemodynamic collapse on anesthesia induc-
tion. The operative goal is source control and wide drain-
age of the surgical process. A temporary abdominal closure
is used when multiple operations are needed for debride-
ment/source control, significant visceral edema prevents
closure or further resuscitation has a high risk of creating
an ACS, or the patient’s hemodynamic instability precludes
further operative intervention. Afterward, resuscitation is
performed again. The development of a distributive shock,
which is generally self-limiting to a few days, is common
after operative intervention in an infected surgical field.
The heretofore described open abdomen techniques can be
used to manage the open abdominal wound, especially with
control of effluent from the abdominal wound. They do not
replace wide drainage of the surgical field, however. Com-
pared to patients with traumatic injury, fascial closure rates
may be lower.2%”
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CHAPTER 7

AIRWAY MANAGEMENT

MATTHEW KEITH WHALIN, CARLA IRENE HAACK, TIMOTHY G. BUCHMAN, AND PAUL S. GARCIA

HISTORY, DEFINITIONS, AND
BASICS

“There is nothing living that does not breathe, and nothing
breathing that does not live.”
—Lectures on the Whole of Anatomy (Harvey, 1653)

William Harvey’s recognition of the importance of ventilation
marked a turning point in medical history. Prior generations of
practitioners followed the teachings of Galen who opined that
the lungs existed to cool the heart. Following Harvey, 18th
Century European communities organized “Rescue Societies”
to save drowning victims.

As airway structures were increasingly recognized for their
specific roles as conduits of gases destined for the alveoli; oral
and nasal devices were developed for the specific purpose of
resuscitation. These were naturally adapted to stabilize air-
ways for use with first-generation inhalational anesthetics such
as chloroform. Periodically, airway emergencies would occur.
Tracheostomy, which had fallen into disrepute during the
middle ages, reappeared as an essential tool for anesthesiolo-
gists when performed by John Snow (who famously delivered
chloroform as an obstetrical anesthetic to Queen Victoria) to
save a patient’s life. As anesthesia itself disseminated through
surgical practice, so did the need for surgical airway skills.

Fortunately, technology has made the need for emergent
surgical airways rare. Airway management progressed from
natural airways and “blind” techniques, through direct visu-
alization, and is now facilitated by video tools including
videolaryngoscopy and fiberoptic laryngobronchoscopy. As
emergent surgical airways are performed less frequently, some
of those skills have been lost, yet operative teams (surgeons
and anesthesiologists) must find common strategies to ensure
that the procedure can be performed safely when needed. The
need is invariably urgent or emergent. Thus, consideration of
alternative airway strategies (Plan A, Plan B..., surgical air-
way) is an essential part of every airway plan.

IS AN ARTIFICIAL AIRWAY
NECESSARY?

Before selecting a strategy for securing an artificial airway in
an acute care situation, practitioners must first ask themselves
whether airway manipulation is necessary. Adequate surgi-
cal anesthesia can often be accomplished by either peripheral
nerve blockade or neuraxial (spinal/epidural) techniques, espe-
cially where limb or pelvic surgery is required. While these
skills require advanced training and in some cases specialized
equipment not immediately available in all situations, infiltra-
tive local anesthesia should also always be considered as an
option for the procedurally trained acute care physician, as it
has been used successfully in several trauma situations includ-
ing cesarean section,! craniotomy for epidural hematoma,?
and facial injury after motor vehicle accidents that include
zygomatic arch fractures and multiple lacerations.? Irrespec-
tive of the situation, training in airway management is crucial
for every acute care physician, because unexpected events are
frequent occurrences* and preparedness is a high priority.

Herein, we define a “secured airway device” to be a patent
conduit for gas exchange that is unlikely to fail through con-
ventional manipulation of a patient’s body position encoun-
tered during a perioperative period (including transport to/
from stretchers, ICU beds, and operating room tables). A
“definitive airway device” is defined as a patent conduit for
gas exchange that involves the trachea and a specialized plastic
connection, which universally fits most ventilators and manual
ventilation equipment. Current advanced cardiac life support
(ACLS) guidelines use a slightly broader term (the “advanced
airway device”) to describe tubular conduits that facilitate
ventilation.’ By this definition, some advanced airway devices
require advanced skill and training (endotracheal tubes),
while others require minimal skill and training (such as the
supraglottic airways [see laryngeal mask airways (LMAs) and
Combi-tubes below]). In most acute care situations, a defini-
tive airway such as an oral endotracheal tube is preferred over
the supraglottic advanced airway devices. However, certain
scenarios necessitate the use of an LMA or Combi-tube (or
even mask) on a temporary basis.

After placement, the position and patency of all airway
devices must be confirmed as soon as possible by either direct
means (visualization of conduit in trachea) or indirect means
(e.g., end-tidal CO,, blood gas results, or chest x-ray). The
“gold standard” for accepting any airway device as func-
tional is end-tidal CO, monitoring as it provides nearly instant
physiologic confirmation of cardiac output and successful gas
exchange. Because a secured airway device known to exist in
the trachea is a definitive airway device and a definitive air-
way device becomes secured with either strong adhesive tape
or through the use of a mechanical strap holder, these two
terms will often be used interchangeably in clinical settings.
Moreover, in clinical practice of acute care surgery, the word
“device” is often omitted, as in “the patient’s airway was
secured.”

To avoid confusion with specific anatomical structures,
also referred to as airways, this shortening will be avoided.
For this chapter, we will assume all secured airway devices are
confirmed and all definitive airway devices are confirmed and
subsequently secured unless explicitly noted.

COMMON DEVICES AND TIMING
OF PLACEMENT

The three most common definitive airway devices in acute sur-
gical care patients are the oral endotracheal tube (oral ETT),
the nasal ETT, and the tracheostomy tube.® Besides specialized
semipermanent tracheostomy tubes, these devices all contain
an inflatable bulb designed as a barrier to prevent the entry
of stomach contents or copious oral secretions into the con-
ducting airways (see aspiration below). The choice of device
will depend on several factors such as procedure site, ease of
placement, and hemodynamic stability of the patient. In most
patients, the oral ETT is the most efficient way to establish
a definitive airway (see below for difficult airway consider-
ations and intubation techniques). Because placement of
an oral ETT is facilitated with neck extension (and in some
instances flexion), precautions must be taken in patients with
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known or suspected cervical instability. Basal skull fractures
are an absolute contraindication to nasal ETTs. Tracheostomy
or needle cricothyrotomy as a bridge to tracheostomy (see
end of Chapter) constitutes the default backup plan for any
acutely ill patient in whom a definitive airway device cannot
be established by other means. Although the oral ETTs are
the most common airways in these patients, a tracheostomy is
an acceptable (and sometimes desirable) plan “A” in patients
with a suspected or known difficult airway who are likely to
require mechanical ventilation for extended periods of time.

Protection of the airway is often used as a justification of
the establishment of a definitive airway. Common wisdom
holds that as a patient progresses through depressed levels of
consciousness, the airway reflexes attenuate and the inability
to cough and swallow secretions may lead to an increased risk
of aspiration of stomach contents. It is prudent to consider the
use of a definitive airway device in a patient whose Glasgow
Coma Scale (GCS) is deteriorating. Many clinicians regard
descent through a GCS of 9 as an indication to establish a
definitive airway device, although the patient’s history and
baseline mental status must also be considered. While gener-
ally accepted as an indication for endotracheal intubation, a
GCS of <9 is not necessarily a contraindication to extubation.

Aspiration has traditionally been associated with poor out-
comes in trauma patients.”® High morbidity and mortality is
associated with the development of chemical pneumonitis or
aspiration pneumonia. Prevention of aspiration is therefore a
goal of airway protection. It is prudent to delay elective surgery
until a patient has fasted for 8 hours or more, to allow time
for gastric emptying. Some controversy surrounds the specific
time interval. In 2011, the American Society of Anesthesiolo-
gists (ASA) revised their published guidelines to include special
considerations for otherwise healthy patients not at increased
risk for delayed gastric emptying. For these patients, the recom-
mended minimum fasting period for clear liquids is 2 hours, and
6 hours for nonhuman milk and for light meals not containing
fried or fatty food.” Regardless, major trauma can slow gastric
emptying (as can diabetes and hiatal hernias) and, if possible,
prophylactic treatment with antacids, H2-blockers, and agents
that speed gastric motility are recommended as long as their
administration does not impede more urgent treatments.

Other risks and complications associated with intubation
are both less common and less severe than the failure either
to mask ventilate or to establish a secure airway. Tooth, gum,
and lip damage can occur with any oral manipulation. Nasal
ETTs are traumatic to the nasal mucosa. Bleeding can be mini-
mized with a topical vasoconstrictor, such as phenylephrine.
The posterior pharynx can be inadvertently penetrated.'® Such
penetration is a major concern in patient who had previously
received radiation treatment to the head, neck, or face.

MASK VENTILATION

Mask ventilation is the most fundamental and essential skill of
airway management, yet it is undervalued from educational and
clinical perspectives. Whether a patient requires sedation for a
minor procedure or is facing pending respiratory failure, evalu-
ation for potentially difficult mask ventilation should occur in
tandem with evaluation for potential difficult intubation (see
Tables 7.1 and 7.2). It is easy for mask ventilation to become
an afterthought in the acute care setting since most patients
in trauma surgery are generally intubated without masking
to minimize aspiration risk (see section on Rapid Sequence
Induction). When intubation fails in a patient who is easy to
mask ventilate, there is time to call for help, retrieve additional
equipment, or prepare for a surgical airway. In contrast, failed
intubation of a patient who is difficult or impossible to mask
ventilate can rapidly become a fatal situation. Thus, even in the

TABLE 7.1

SUMMARY OF POOLED SENSITIVITY AND
SPECIFICITY OF COMMONLY USED METHODS
OF AIRWAY EVALUATION

EXAMINATION SENSITIVITY SPECIFICITY
(%) (%)

Mallampati 49 86
classification

Thyromental 20 94

distance

Sternomental 62 82

distance

Mouth opening 46 89

Data derived from Wilson ME, Spiegelhalter D, Robertson J, et al.
Predicting difficult intubation. Br | Anaesth. 1988;61:211.

setting of emergency surgery where time is of the essence, iden-
tification of the patient who is a potentially difficult to mask
ventilate should prompt a discussion between the surgeons and
anesthesiologists about contingency plans for failed intubation.

It is critical to rapidly assess the adequacy of mask ventila-
tion and make adjustments (or abandon attempts at masking)
in a timely fashion. As discussed in a recent review,!'! adequacy
can be difficult to define. What is considered safe in the operat-
ing room may be of questionable security in the trauma heli-
copter or hospital elevator. The modern anesthesia machine
in most operating rooms not only provides inhaled anesthesia
but is well-equipped with several monitors capable of assess-
ing adequacy of ventilation. The flexible bag connected to the
anesthesia machine will deflate and inflate with the spontane-
ous ventilation of a patient as long as the mask is well-placed

TABLE 7.2

ASSESSMENT AND PREDICTABILITY OF DIFFICULT MASK
VENTILATION

CRITERIA FOR DIFFICULT MASK VENTILATION

Inability for one anesthesiologist to maintain oxygen satura-
tion >92%

Irreparable gas leak around face mask

Need for >4 L/min gas flow (or use of fresh gas flow button
more than twice)

No chest movement

Two-handed mask ventilation needed

Change of operator required

INDEPENDENT RISK FACTORS FOR DIFFICULT
MASK VENTILLATION

PATIENT FEATURE ODDS RATIO
Presence of a beard 3.18
Body mass index >26 ng/m? 2.75
Lack of teeth 2.28
Age >S5Sy 2.26
History of snoring 1.84

From Langeron O, Masso E, Huraux C, et al. Prediction of difficult
mask ventilation. Anesthesiology. 2000;92:1229.




(“sealed”) to the face. It is important to recognize that the bag
for manual ventilation in the operating room performs differ-
ently from the more familiar self-inflating (Ambu TM) bag.
During manual ventilation in the apneic patient, the bag in the
operating room will fail to reinflate with leakage of air, and
often this is a clue that the mask may need to be readjusted
(see C-E technique below). The digital readout of the exhaled
tidal volume can also be used to confirm delivery of manually
or machine-delivered ventilated breaths. Most importantly, a
persistent end-tidal CO, (etCO,) waveform on the capnograph
signals gas exchange. With most sampling systems, etCO, will
only appear after several breaths. Importantly, the appearance
of etCO, verifies both ventilation and perfusion. This makes
etCO, monitoring an especially important tool.

Outside of the operating room, it can be challenging to
assess the adequacy of mask ventilation. Bag movement is unre-
liable as most emergency carts are stocked with self-inflating
bags. Physical examination should reveal chest rise and breath
sounds with spontaneous or manual ventilation. Although less
reliable than etCO,, the observation of condensation in the
mask is a good sign that gas exchange is taking place. Simi-
larly, maintenance or improvement in oxygen saturation (as
measured by arterial blood gas or pulse oximetry) is another
indirect method that provides confidence in one’s ventilation
technique. However, etCO, is quickly being recognized as the
gold standard monitor of ventilation. The ASA’s 2010 moni-
toring guidelines recommend etCO, monitoring for deep seda-
tion and the 2010 ACLS guidelines encourage its use in CPR.°
These guidelines may translate to increased availability of
these monitors outside the operating room. Local administra-
tors and their clinical leaders should include etCO, monitoring
capability as they evaluate purchasing of new equipment.

Problems with mask ventilation can generally be classified
into one of two categories: (1) difficulty creating an adequate
seal or (2) obstruction to airflow. Examples of the former
include patients with thick beards, edentulous patients, and
patients with severe facial trauma. Obstruction to airflow may
occur anywhere along the airway, from bronchoconstriction
or masses within the lungs to larygnospasm to collapse of the
upper airway in a patient with obstructive sleep apnea. Even in
the absence of sleep apnea, morbid obesity can lead to enough
extrathoracic pressure to impede mask ventilation. Chest
compressions performed as part of cardiopulmonary resusci-
tation can divert mask ventilation breaths from the lungs to
the stomach, and for this reason, current (as of 2010) ACLS
guidelines mandate that cycles of 30 compressions followed
by two quick breaths be continued until an advanced airway is
in place.’ Subtle improvements in the technique of mask ven-
tilation as well as airway adjuncts can alleviate many cases of
difficult mask ventilation.

In traditional one-handed masking, the practitioner’s left
hand is responsible not only for creating an adequate seal, but
also for minimizing upper airway obstruction by providing
jaw thrust. The left thumb and index finger form a “C” and
apply the mask to the face, taking care not to compress the
bridge of the nose or interfere with the eyes. The remaining
three fingers are spread along the mandible to form an “E,”
with the fifth digit behind the angle of the jaw to maximize
vertical thrust. Novices and trainees need to be constantly
reminded to “lift the face to the mask” rather than pressing
the mask on the face. It is also important to remember that the
jaw thrust is very uncomfortable and should not be performed
on conscious patients whose airway muscular tone is adequate
to prevent their tongue from obstructing their airway.

At the first sign of difficulty with one-handed masking, two
adjustment techniques are available to the lone practitioner.
One is to use both hands to readjust the mask seal and provide
maximal jaw thrust, as sometimes it is easier to maintain a
strong jaw thrust with one hand than it is to create one with
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a single hand. Having optimized the seal and jaw thrust, the
right hand goes back to squeezing the bag. The second tech-
nique is placement of airway adjuncts (orally or nasally), often
followed by the two-handed readjustment described above.

Airway Adjuncts

Placement of an oral airway is often facilitated by using a
wooden tongue depressor. Without a depressor, the oral air-
way should initially be inserted with the curve pointing away
from the tongue, and then rotated to follow the curve of the
tongue as the tip reaches the posterior pharynx. Either way,
care must be taken to bring the tongue forward to open the
airway, but not so far that it rests between the lower teeth and
the oral airway (which could lead to laceration). It is impor-
tant to select a size appropriate to the patient, though a size
10 (100 mm) oral airway is adequate for most adults. A prop-
erly placed oral airway is typically very effective at facilitating
mask ventilation, but this adjunct should only be placed in
patients with depressed levels of consciousness, as it sits at the
base of the tongue and can be uncomfortable and stimulate a
gag reflex.

Nasopharyngeal airways (“nasal trumpets”) are better tol-
erated in awake patients, though they should be avoided in
patients with known or suspected skull base fractures. The
nasal airway should be long enough to extend past soft tis-
sue obstruction but not so long as it contacts the base of the
tongue as the trumpet could be occluded by a large tongue or
stimulate a gag reflex. Usually, size 30-34 is appropriate for
adults, but it is prudent to check the fit by holding it against
the side of the face to see if it extends from the nare to the
angle of the mandible using its natural curve.

When repositioning and airway adjuncts do not allow
adequate one-handed masking, you should progress to two-
handed masking or alternative approaches to airway manage-
ment. Even experienced anesthesia providers using oral airways
in routine cases deliver larger tidal volumes with two-handed
masking, and a two-handed technique should be used as soon
as practicable.!> Most acute care situations involve either a self-
inflating mask bag or an anesthesia machine, which necessi-
tates the aid of a second provider to squeeze the bag. There are
several approaches to two-handed masking, but one common
method is to apply a seal with both thumbs and use the remain-
ing fingers to maximize jaw thrust. In some situations, a third
person is needed to depress the mask at an area of leak.

It is important to remember that the total volume of most
adult-sized bags is 2 L and adverse effects of delivering the
entire volume in some situations can occur. In patients with a
full stomach, every attempt should be made to avoid deliver-
ing high volumes and pressures to prevent emesis from stom-
ach distention. It is estimated that delivering pressures of over
20cm H,O can open the lower esophageal sphincter in patients
with normal esophageal anatomy. Normal tidal volumes vary
between 4 and 8 mL per kg of ideal body weight. Positive-end
expiratory pressure (PEEP), most commonly accomplished
through the use of a specialized valve, is a preferred method
for maintaining recruitment of end alveoli during manual
ventilation as opposed to delivering large tidal volumes. The
respiratory rate must allow for an appropriate time of exha-
lation, especially in patients with chronic obstructive pulmo-
nary disease who may be more prone to “breath-stacking” or
auto-PEEP.

In an emergency situation, it is time-consuming and dan-
gerous to progress through each of these modifications in a
stepwise fashion. For these cases, it is prudent to immediately
place a nasal or oral airway adjunct. Outside of the operat-
ing room where patient positioning may be suboptimal and
monitors of the adequacy of ventilation are less accessible, it
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is appropriate to begin with two-handed masking if enough
help is available. In situations of cardiac arrest, the acute care
surgeon is often supervising resuscitation efforts and should
be sure that ventilation is being optimized with oral airways
and two-handed masking. As part of the quality improvement
program at our level 1 trauma hospital, we found that these
techniques were being used in only 25% of cardiac arrests in
a 6-month sample set (manuscript in progress). Finally, it is
important to remember that adequate mask ventilation should
not be considered a long-term solution for most acute care
situations as blood in the airway, facial edema and fluid shifts,
or provider fatigue can quickly turn adequate mask ventilation
into an airway emergency.

ENDOTRACHEAL INTUBATION

Direct Laryngoscopy: Evaluation and
Performance

Should a patient require an advanced airway, whether for
elective surgery or respiratory failure, an endotracheal tube
is often the first choice. As with all aspects of airway manage-
ment, planning and preparation are paramount even in critical
situations. After taking the patient history and clinical situa-
tion into account, the next step in the process is evaluation of
the airway.

Despite ongoing attempts to apply evidence-based medicine
to the prediction of difficult intubations, existing tests suffer
from low specificity.!> We favor an airway evaluation that can
be completed quickly and without complicated anatomical
measurements or calculations. Bedside measurements in fin-
ger breadths are common. Every practitioner should be aware
of exactly how many centimeters are spanned with two and
with three finger breadths of his/her hand. Potentially difficult
intubations are suggested by limited mouth opening, limited
neck extension, limited ability to prognath the jaw, immobility
of anterior neck tissues (e.g., radiation changes), and a short
thyromental distance (<5cm). The Mallampati classification
(Fig. 7.1) refers to the view obtained by asking a patient sitting
upright to open his mouth maximally and protrude his tongue.
A view of the tonsillar pillars constitutes class I, view of part
but not the entire uvula is class II, soft palate only is class III,
and hard palate only is class IV. Identification of a class III
or IV view raises concern for potentially difficult intubation.
The test is properly performed without the patient phonat-
ing, but if a poor view does not improve with phonation, it
is particularly worrisome. Practitioners must be aware that
serial attempts at laryngoscopy lead to trauma, bleeding, and
edema, all of which conspire to make the next attempt more
difficult: every effort should be made to optimize conditions
for the first attempt.

Preoxygenation is one of the cornerstones of prepara-
tion for intubation. It prolongs the time between apnea and
desaturation not only by maximizing oxygen saturation of
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FIGURE 7.1. Photographic examples of Mallampati class. A-D: Mallampati [-IV. (From Barash PG, Cullen BE, Stoelting RK,
et al. Clinical Anesthesia. 6th ed. Philadelphia, PA: Lippincott Williams & Wilkins, 2009.)




hemoglobin, but also by replacing the nitrogen in the patient’s
functional residual capacity with oxygen. One convenient
endpoint to preoxygenation is delivery of oxygen to the spon-
taneously breathing patient until the measured expired oxy-
gen concentration equals or exceeds 90%. Many critically ill
patients will never reach this goal and outside of the operat-
ing room there is rarely access to a gas analyzer, so one must
remain flexible in this regard. Even after a prolonged period of
preoxygenation, patients who are obese or who have limited
physiologic reserve can desaturate within seconds of becoming
apneic. It is therefore essential to have all necessary equipment
assembled, organized, and within easy reach. No matter what
the setting, patient positioning often sets the stage for success
or failure.

One aspect of positioning involves ergonomics. To facili-
tate visualization of the airway structures without leaning
or bending, the patient should be moved up to the end of
the bed and the height set so that his or her head comes
to the level of the xiphoid process of the laryngoscopist. In
emergent situations, it is sometimes necessary to intubate
patients on the ground or in a lateral or prone position, but
this increases the difficulty significantly. Another aspect of
positioning involves the creation of a direct line of sight from
the patient’s mouth to his vocal cords. For patients with a
normal body habitus, slight elevation of the head on a folded
sheet and extension of the neck into a “sniffing position”
can facilitate direct laryngoscopy. An obese patient should
have her upper body on an incline sufficient to keep the angle
of her jaw higher than her sternal notch (Fig. 7.2). When
viewed from the side, the patient’s upper body appears to be
on a “ramp”.

With the patient optimally positioned and preoxygenated,
equipment should be arranged within easy reach. This equip-
ment should include a rigid suction device, endotracheal tubes
of the appropriate sizes, and working laryngoscopes. The
suction device (typically a curved plastic “Yankauer” suction
tip) is essential to clear debris or secretions obstructing view
of the cords and to quickly remove emesis should it occur.
The laryngoscope light source should be bright enough to cre-
ate a spotlight on an object 5 or more centimeters from the
tip. Laryngoscopes are designed to be held in the left hand.

o
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Laryngoscope blades come in two basic styles: straight and
curved.

The most common straight blade is the Miller blade, first
introduced in 1941. The tip of the blade is used to lift the
epiglottis to develop a straight line of sight to the vocal cords.
Its use requires great control since small movements can cause
the epiglottis to slide off the end of the blade. It is also chal-
lenging to maintain a view while inserting the tube and it is
sometimes useful to have an assistant pull on the right corner
of the patient’s mouth to create more space. Although straight
blades are extremely effective in experienced hands, curved
blades might be considered easier to master.

Robert Macintosh introduced a laryngoscope with a curved
blade in 1943 and it remains widely used today. The flange
facilitates displacement of the tongue to the left side of the
mouth. The tip of the blade is placed in the vallecula and the
laryngoscopist applies caudad and ventral force to develop a
view of the vocal cords. With both the straight and curved
blades, any rocking motion of the wrist will result in dental
trauma. Such rocking motion is to be avoided, but a number
of other techniques can often improve a poor view.

To create a direct line of vision to the vocal cords, it is
sometimes necessary to lift the patients head off the bed and
further extend the neck. The right hand can lift the head
to develop the view and that position is maintained by the
left hand while grasping the endotracheal tube in your right
hand. Another useful technique is bimanual laryngoscopy,
in which the laryngoscopist’s right hand applies pressure at
the cricoid cartilage dorsally, laterally, and longitudinally to
bring the cords into view. An assistant can then be instructed
to substitute his hand in order to keep the larynx in the iden-
tical position while the laryngoscopist places the endotra-
cheal tube.

Even with these maneuvers, it is sometimes only possible
to see the arytenoid cartilage. An experienced laryngoscopist
will often use an endotracheal tube that has a stylet, which
maintains the tube configured with an anterior curve in order
to intubate the trachea semiblind. In these situations, or when
only the epiglottis is visible, an endotracheal tube introducer
(e.g., bougie or Eschmann catheter) may be helpful. Introduc-
ers are plastic tubes with some shape memory and a bend

FIGURE 7.2. Achieving proper positioning of the obese patient for airway manipulation. (From Barash PG, Cullen BF,
Stoelting RK, et al. Clinical Anesthesia, 6th ed. Philadelphia, PA: Lippincott Williams & Wilkins, 2009.)
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2-3cm from the tip. The tip is directed under the epiglottis
and advanced gently until tactile resistance from the tracheal
rings is felt. An endotracheal tube is then advanced over the
introducer akin to the Seldinger technique for vascular can-
nulation. This technique is less straightforward than it seems;
the endotracheal tube may be unable to move past the curve
of the posterior pharynx or at the level of the epiglottis and
may require additional manipulation (i.e., twisting) to move
the tube into the trachea.

Following placement of an endotracheal tube, the operator
is responsible for immediately seeking verification of proper
placement. While condensation in the tube and chest move-
ments with manual ventilation are reassuring signs of endo-
tracheal placement, one must also auscultate the axillae for
bilateral and symmetric breath sounds as well as verifying the
absence of sounds over the stomach. Most importantly, there
should be persistent exhaled CO, as assayed by a capnograph
or a disposable color change device (but again recall that in
a cardiac arrest there may be insufficient blood flow to carry
CO, to the lungs). Advancement of the endotracheal tube
too deep will result in an endobronchial intubation (typically
in the right main stem). Some of the signs of endobronchial
intubation are mimicked by many other conditions in the
acutely ill: asymmetric breath sounds and low pulse oxim-
etry. Hemodynamic instability can also be a sign of endo-
bronchial intubation if the delivered tidal volume results in
large enough intrathoracic pressures to periodically impede
venous return through compression of the vena cava and right
atrium. Endobronchial intubation should be suspected when
increased peak airway pressures are noted (either quantita-
tively by digital monitor or qualitatively by difficult manual
ventilation by bag).

Whenever the endotracheal tube location is in doubt, either
immediate visualization with a fiberoptic broncoscope or else a
chest x-ray should be used to confirm proper position. Besides
the possibility of pneumothorax from high intrathoracic pres-
sures, the consequences of an endobronchial intubation might
be mild in comparison to the patient’s overall acute health sta-
tus and as long as ventilation is possible (even if suboptimal),
the diagnosis of endobronchial intubation should not delay
surgical intervention in the most acutely ill patient. However,
we recommend confirmation of proper airway placement of
endotracheal tubes (through end-tidal CO, monitoring) in
most cases before proceeding with invasive procedures or sur-
gery. It is also important to secure the endotracheal tube with
tape or a specialized device to avoid airway disasters after a
procedure has begun.

The Importance of Documentation

After intubation, it is important to document the type of
blade used, number of attempts, and depth of the tube in
an airway note. The note should comment on the ease of
mask ventilation (one hand vs. two, with or without oral
airway) and should mention any special techniques used
(ramping, cricoid pressure, endotracheal tube introducer). It
is also useful to record the view of the glottis. The modified
Cormack and Lehane classification categorizes views as fol-
lows: entire vocal cords is grade 1, partial view of the cords
is grade 2a, arytenoids only is 2b, epiglottis only is grade 3,
and neither the glottis nor epiglottis is grade 4. The original
system called grade 2 anything more than the epiglottis alone
but less than the full cords. Subdividing class 2 gives very
useful information since in one study 65% of grade 2b views
were deemed difficult intubations versus only 13% of grade
2a views."

If there is time, locating prior airway notes should be part
of the airway evaluation. A history of difficult intubation

should prompt special preparation for alternative techniques.
Even a patient who was easy to intubate last year or last week
may now be difficult due to weight gain, surgery, radiation
treatment, or the development of edema, bleeding, or masses
in the airway. If the overall evaluation of the airway suggests a
potentially difficult mask or intubation, a clear plan with alter-
native strategies should be formulated in advance (see ASA
Difficult Airway Algorithm, Algorithm 7.1, from American
Society of Anesthesiologists).!

Alternatives to Direct Laryngoscopy

Endotracheal intubation can be achieved by a number of
methods other than direct laryngoscopy. One such method
is the use of a video laryngoscope such as the Glidescope or
Pentax AWS. These systems have a miniature camera incorpo-
rated into the laryngoscope blade and connected to a viewing
monitor. This allows the operator (and other team members)
to “see around the corner” and can produce excellent views
of the glottis when immobility of the neck, a large tongue, or
a short thyromental distance would make a direct view nearly
impossible. Nevertheless, this excellent view does not always
translate into an easy intubation. Just as a direct line of sight
allows a direct path for the endotracheal tube, so an indirect
view implies a circuitous path for the tube to travel. A stylet
is almost mandatory, and some systems come with specialized
stylets to match the curve of the blade.
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