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Pretface

This project was born out of the needs of those
taking the surgical critical care examination admin-
istered by the American Board of Surgery. We
realized that, although there are many good critical
care review texts, none was focused exclusively on
the unique problems posed by and care required
for the surgical patient. In the popular question-
and-answer format, this review book serves as
an excellent resource when caring for the sur-
gical patient with an acute process, whether the
patient requires critical care or surgical interven-
tion. In addition, the evolving specialties of acute-
care surgery and emergency general surgery, and
the role of caring for patients with other surgical
emergencies/trauma, are inseparable from surgical
critical care. The same surgical specialists care for
acute care/emergency surgery patients. Thus, it
makes sense to incorporate these fields into one
review book.

Medical students, residents, fellows, and prac-
ticing surgeons, will find this text useful, as will
nonsurgical specialties who care for the critically ill
and injured surgical patient. While it is primarily
a method of study for those planning to take the
critical care boards, many prefer the question-and-

answer format as a method of learning. This text is
divided into two main sections: surgical critical care
and emergency surgery. Each question is accompa-
nied by a vignette and associated references used
to support the answer. Some of the references cited
were recent and some of the questions reflective
of changing practice, but the main goal overall
was to provide current standard of care answers
to each question. We gathered experts in the field
of surgical critical care and emergency general
surgery who worked diligently to put this book
together and we are indebted to them for their
time and effort. The senior editor and mentors
were paired with those who recently had taken
the exam to ensure that the format and focus were
relevant.

In summary, this review book has all the neces-
sary elements to aid in reviewing for the exam and
to learn how to care for the critically ill patient with
a surgical problem.

Forrest O. Moore, MD, FACS
Peter M. Rhee, MD, FACS
Samuel A. Tisherman, MD, FACS
Gerard J. Fulda, MD, FACS
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PART ONE
Surgical Critical Care



Chapter 1

Respiratory and

Cardiovascular Physiology

Marcin A. Jankowski, DO and Frederick Giberson, MD, FACS

1. All of the following are mechanisms by which
vasodilators improve cardiac function in acute congestive
heart failure except:

A. Increase stroke volume

B. Decrease ventricular filling pressure
C. Increase ventricular preload

D. Decrease end-diastolic volume

E. Decrease afterload

Most patients with acute heart failure present
with increased left-ventricular filling pressure, high
systemic vascular resistance, high or normal blood
pressure and low cardiac output. These physio-
logic changes increase myocardial oxygen demand
and decrease the pressure gradient for myocar-
dial perfusion resulting in ischemia. Therapy with
vasodilators in the acute setting can often improve
hemodynamics and symptoms.

Nitroglycerine is a powerful venodilator with
mild vasodilitory effects. It relieves pulmonary con-
gestion through direct venodilation, reducing left
and right ventricular filling pressures, systemic vas-
cular resistance, wall stress, and myocardial oxygen
consumption. Cardiac output usually increases due
to decreased LV wall stress, decreased afterload,
and improvement in myocardial ischemia. The
development of tolerance within 16 to 24 hours
of starting the infusion is a potential drawback of
nitroglycerine.

Nitroprusside is an equal arteriolar and venous
tone reducer, lowering both systemic and vascular
resistance and left and right filling pressures. Its
effects on reducing afterload increase stroke vol-

Surgical Critical Care and Emergency Surgery: Clinical Questions and Answers,

First Edition. Edited by Forrest O. Moore, Peter M. Rhee,

Samuel A. Tisherman and Gerard J. Fulda.

© 2012 John Wiley & Sons, Ltd. Published 2012 by John Wiley & Sons, Ltd.

ume in heart failure. Potential complications of
nitroprusside include cyanide toxicity and the risk
of “coronary steal syndrome.”

In patients with acute heart failure, therapeutic
reduction of left-ventricular filling pressure with
any of the above agents correlates with improved
outcome.

Increased ventricular preload would increase the
filling pressure, causing further increases in wall
stress and myocardial oxygen consumption, leading
to ischemia.

Answer: C

Hollenberg, MS (2007) Vasodilators in acute heart failure.
Heart Failure Review 12, 143-7.

Marino P (2007) The ICU Book, 3rd edn, Lippincott
Williams & Wilkins, Philadelphia, PA, Chapter 14.

Nohria A, Lewis E, Stevenson, LW (2002) Medical man-
agement of advanced heart failure. Journal of the Ameri-
can Medical Association 287 (5), 628-40.

2. Which is the most important factor in determining
the rate of peripheral blood flow?

A. Laminar flow
. Length

. Viscosity

. Radius

m O o W

. Pressure gradient

The forces that determine peripheral blood flow
are derived from observations on ideal hydraulic
circuits that are rigid and the flow is steady and
laminar. This is quite different from the human
circulatory system which is compressible and flow
is pulsatile and turbulent. The Hagen-Poiseuille
equation states that flow is determined by the
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fourth power of the inner radius of the tube (Q =
Apmr*/8uL), where P is pressure, p is viscosity,
L is length, and r is radius. This means that a
twofold increase in the radius will result in a
sixteenfold increase in flow. As the equation states,
the remaining components of resistance, such as
pressure difference along the length of the tube
and fluid viscosity, are inversely related and exert
a much smaller influence on flow. Although this
equation may not accurately describe the flow state
in our circulatory system, it has useful applica-
tions in describing flow through catheters, flow
characteristics of different resuscitative fluids and
the hemodynamic effects of anemia and blood
transfusions on flow. With turbulent flow (Fanning
equation), the impact of the radius is raised to the
fifth power (r’) as opposed to the fourth power in
the Poiseuille equation.

It is important to realize that flow through
compressible tubes (blood vessels) is greatly influ-
enced by external pressure surrounding the tubes.
Therefore, if a tube is compressed by an external
force, the flow will be independent of the pressure
gradient along the tube.

Answer: D

Brown SP, Miller WC, Eason JM (2006) Exercise Physiology;
Basis of Human Movement in Health and Disease, Lippincott
Williams & Wilkins, Philadelphia.

Marino P (2007) The ICU Book, 3rd edn, Lippincott
Williams & Wilkins, Philadelphia, PA, Chapter 1.

3. Choose the correct physiologic process represented by
each of the cardiac pressure-volume loops below.

A. (1) Increased preload, increased stroke volume,
(2) Increased afterload, decreased stroke volume

B. (1) Decreased preload, increased stroke volume,
(2) Decreased afterload, increased stroke volume

C. (1) Increased preload, decreased stroke volume,
(2) Decreased afterload, increased stroke volume

D. (1) Decreased preload, decreased stroke volume,
(2) Increased afterload, decreased stroke volume

E. (1) Decreased preload, increased stroke volume,
(2) Increased afterload, decreased stroke volume

One of the most important factors in determining
stroke volume is the extent of cardiac filling during
diastole or the end-diastolic volume. This concept
is known as the Frank-Starling law of the heart.
This law states that, with all other factors equal, the
stroke volume will increase as the end-diastolic vol-
ume increases. In Figure 1, the ventricular preload
or end-diastolic volume (LV volume) is increased,
which ultimately increases stroke volume defined
by the area under the curve. Notice the LV pressure
is not affected. Increased afterload, at constant
preload, will have a negative impact on stroke
volume. In Figure 2, the ventricular afterload (LV
pressure) is increased, which results in a decreased
stroke volume, again defined by the area under
the curve.

Answer: A

Mohrman D, Heller L (2010) Cardiovascular Physiology,
7 edn, McGraw-Hill, New York, Chapter 3.

Shiels HA, White E (2008) The Frank-Starling mechanism
in vertebrate cardiac myocytes. Journal of Experimental
Biology 211 (13), 2005-13.




4. An 18-year-old patient is admitted to the ICU fol-
lowing a prolonged exploratory laparotomy and lysis of
adhesions for a small bowel obstruction. The patient has
had minimal urine output throughout the case and is
currently hypotensive. Identify the most effective way of
promoting end-organ perfusion in this patient.

A. Increase arterial pressure (total peripheral resistance)
with vasoactive agents

B. Decrease sympathetic drive with heavy sedation

C. Increase end-diastolic volume with controlled volume
resuscitation

D. Increase contractility with a positive inotropic agent

E. Increase end-systolic volume

This patient is presumed to be in hypovolemic
shock as a result of a prolonged operative procedure
with inadequate perioperative fluid resuscitation.
The insensible losses of an open abdomen for
several hours in addition to significant fluid shifts
due to the small bowel obstruction can significantly
lower intravascular volume. The low urine output
is another clue that this patient would benefit from
controlled volume resuscitation.

Starting a vasopressor such as norepinephrine
would increase the blood pressure but the effects
of increased afterload on the heart and the periph-
eral vasoconstriction leading to ischemia would be
detrimental in this patient. Lowering the sympa-
thetic drive with increased sedation will lead to
severe hypotension and worsening shock. Increas-
ing contractility with an inotrope in a hypovolemic
patient would add great stress to the heart and
still provide inadequate perfusion as a result of
low preload. An increase in end-systolic volume
would indicate a decreased stroke volume and
lower cardiac output and would not promote end-
organ perfusion.

CO = HR x SV
SV = EDV — ESV

According to the principle of continuity, the
stroke output of the heart is the main determinant
of circulatory blood flow. The forces that directly
affect the flow are preload, afterload and contrac-
tility. According to the Frank-Starling principle, in
the normal heart diastolic volume is the princi-
pal force that governs the strength of ventricular

Respiratory and Cardiovascular Physiology 5

contraction. This promotes adequate cardiac output
and good end-organ perfusion.

Answer: C

Marino P (2007) The ICU Book, 3rd edn, Lippincott
Williams & Wilkins, Philadelphia, PA, Chapter 12.

Mohrman D, Heller L (2010) Cardiovascular Physiology,
7 edn, McGraw-Hill, New York.

5. Which physiologic process is least likely to increase
myocardial oxygen consumption?

A. Increasing inotropic support

B. A 100% increase in heart rate

C. Increasing afterload

D. 100% increase in end-diastolic volume
E

. Increasing blood pressure

Myocardial oxygen consumption (MVO,) is pri-
marily determined by myocyte contraction. There-
fore, factors that increase tension generated by the
myocytes, the rate of tension development and
the number of cycles per unit time will ultimately
increase myocardial oxygen consumption. Accord-
ing to the Law of LaPlace, cardiac wall tension
is proportional to the product of intraventricular
pressure and the ventricular radius.

Since the MVO, is closely related to wall tension,
any changes that generate greater intraventricular
pressure from increased afterload or inotropic stim-
ulation will result in increased oxygen consump-
tion. Increasing inotropy will result in increased
MVO, due to the increased rate of tension and
the increased magnitude of the tension. Doubling
the heart rate will approximately double the MVO,
due to twice the number of tension cycles per
minute. Increased afterload will increase MVO, due
to increased wall tension. Increased preload or end-
diastolic volume does not affect MVO, to the same
extent. This is because preload is often expressed as
ventricular end-diastolic volume and is not directly
based on the radius. If we assume the ventricle is a
sphere, then:

V= 4/31T . 7‘3
Therefore

roc VvV
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Substituting this relationship into the Law of
LaPlace

TxP -JV

This relationship illustrates that a 100% increase
in ventricular volume will result in only a 26%
increase in wall tension. In contrast, a 100%
increase in ventricular pressure will result in a
100% increase in wall tension. For this reason, wall
tension, and therefore MVO,, is far less sensitive to
changes in ventricular volume than pressure.

Answer: D

Klabunde RE (2005) Cardiovascular Physiology Concepts,
Lippincott, Williams & Wilkins, Philadelphia, PA.

Rhoades R, Bell DR (2009) Medical Physiology: Principles
for Clinical Medicine, 3rd edn, Lippincott, Williams &
Wilkins, Philadelphia, PA.

6. A 73-year-old obese man with a past medical history
significant for diabetes, hypertension, and peripheral vas-
cular disease undergoes an elective right hemicolectomy.
While in the PACU, the patient becomes acutely hypoten-
sive and lethargic requiring immediate intubation. What
effects do you expect positive pressure ventilation to have
on your patient’s cardiac function?

A. Increased pleural pressure, increased transmural
pressure, increased ventricular afterload

B. Decreased pleural pressure, increased transmural
pressure, increased ventricular afterload

C. Decreased pleural pressure, decreased transmural
pressure, decreased ventricular afterload

D. Increased pleural pressure, decreased transmural
pressure, decreased ventricular afterload

E. Increased pleural pressure, increased transmural
pressure, decreased ventricular afterload

This patient has a significant medical history
that puts him at high risk of an acute coronary
event. Hypotension and decreased mental status
clearly indicate the need for immediate intubation.
The effects of positive pressure ventilation will
have direct effects on this patient’s cardiovascular
function. Ventricular afterload is a transmural force
so it is directly affected by the pleural pressure
on the outer surface of the heart. Positive pleural

pressures will enhance ventricular emptying by
promoting the inward movement of the ventricu-
lar wall during systole. In addition, the increased
pleural pressure will decrease transmural pressure
and decrease ventricular afterload. In this case,
the positive pressure ventilation provides cardiac
support by “unloading” the left ventricle resulting
in increased stroke volume, cardiac output and
ultimately better end-organ perfusion.

Answer: D

Marino P (2007) The ICU Book, 3rd edn, Lippincott
Williams & Wilkins, Philadelphia, PA, Chapter 1.

Solbert P, Wise, RA (2010) Mechanical interaction of
respiration and circulation. Comprehensive Physiology,
647-56.

7. Choose the incorrect statement regarding coronary
blood flow:

A. The blood in the coronary sinus has the lowest oxygen
saturation in the entire body

B. The relationship between myocardial oxygen demand
and coronary blood flow is linear

C. The myocardium has no oxygen reserve and relies
strictly on very high flow volumes

D. Myocardial tissue requires high perfusion pressures in
order to maintain constant flow

E. Coronary reserve refers to the maximal capacity of the
coronary circulation to dilate and increase blood flow
to the myocardium

Myocardial tissue does not always require high
perfusion pressures in order to maintain constant
flow. The myocardium has the capacity to maintain
constant blood flow over a wide range of perfusion
pressures. This process is termed autoregulation
and it allows the myocardium to be perfused even
under low perfusion pressures. All other statements
are correct.

Answer: D

Darovic G (2002) Cardiovascular anatomy and phys-
iology, in Hemodynamic Monitoring, Invasive and Non-
invasive Clinical Application, 3rd edn, WB. Saunders &
Co., Philadelphia, PA, Chapter 4, pp. 77-9.



Duncker DJ, Bache RJ (2008) Regulation of coronary
blood flow during exercise. Physiological Reviews 88 (3),
1009-86.

8. Following surgical debridement for lower extremity
necrotizing fasciitis, a 47-year-old man is admitted to the
ICU. A Swan-Ganz catheter was inserted for refractory
hypotension. The initial values are CVP = 5mm Hyg,
MAP = 50 mm Hg, PCWP = 8mm Hg, PaO, = 60 mm
Hyg, CO = 4.5 L/min, SVR = 450 dynes-sec/cm’, and O,
saturation of 93%. The hemoglobin is 8 g/dL. The most
effective intervention to maximize perfusion pressure and
oxygen delivery would be which of the following?

A. Titrate the FiO; to a Sa0, > 98%

B. Transfuse with two units of packed red blood cells
C. Fluid bolus with 1 L normal saline

D. Titrate the FiO; to a PaO, > 80
E

. Start a vasopressor

To maximize the oxygen delivery (DO,) and per-
fusion pressure to the vital organs, it is important to
determine the factors that directly affect it. Accord-
ing to the formula below, oxygen delivery (DO,) is
dependent on cardiac output (Q), the hemoglobin
level (Hb), and the O, saturation (Sa0,):

DO, = Q x (1.34 x Hb x Sa0, x 10)
+(0.003 x Pa0,)

This patient is likely septic from his infectious
process. In addition, the long operation likely
included a significant blood loss and fluid shifts
so hypovolemic/hemorrhagic shock is likely con-
tributing to this patient’s hypotension. The low
CVP, low wedge pressure indicates a need for
volume replacement. The fact that this patient is
anemic as a result of significant blood loss means
that transfusing this patient would likely benefit
his oxygen-carrying capacity as well as provide
volume replacement. Fluid bolus is not inappro-
priate; however, two units of packed red blood
cells would be more appropriate. Titrating the PaO,
would not add any benefit because, according to
the above equation, it contributes very little to the
overall oxygen delivery. Starting a vasopressor in
a hypovolemic patient is inappropriate at this time
and should be reserved for continued hypotension
after adequate fluid resuscitation. Titrating the FiO,
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to a saturation of greater than 98% would not be
clinically relevant. Although the patient requires
better oxygen-carrying capacity, this would be bet-
ter solved with red blood cell replacement.

Answer: B

Cavazzoni SZ, Dellinger PR (2006) Hemodynamic opti-
mization of sepsis-induced tissue hypoperfusion. Critical
Care 10 Suppl, 3, S2.

Marino P (2007) The ICU Book, 3rd edn, Lippincott
Williams & Wilkins, Philadelphia, PA, Chapter 2.

9. To promote adequate alveolar ventilation, decrease
shunting, and ultimately improve oxygenation, the addi-
tion of positive end-expiratory pressure (PEEP) in a
severely hypoxic patient with ARDS will:

A. Limit the increase in residual volume (RV)
. Limit the decrease in expiratory reserve volume (ERV)
. Limit the increase in inspiratory reserve volume (IRV)

. Limit the decrease in tidal volume (TV)

o 9 o W

. Increase pCO,

Patients with ARDS have a significantly de-
creased lung compliance, which leads to significant
alveolar collapse. This results in decreased surface
area for adequate gas exchange and an increased
alveolar shunt fraction resulting in hypoventila-
tion and refractory hypoxemia. The minimum vol-
ume and pressure of gas necessary to prevent
small airway collapse is the critical closing vol-
ume (CCV). When CCV exceeds functional residual
capacity (FRC), alveolar collapse occurs. The two
components of FRC are residual volume (RV) and
expiratory reserve volume (ERV).

The role of extrinsic positive end-expiratory pres-
sure (PEEP) in ARDS is to prevent alveolar collapse,
promote further alveolar recruitment, and improve
oxygenation by limiting the decrease in FRC and
maintaining it above the critical closing volume.
Therefore, limiting the decrease in ERV will limit
the decrease in FRC and keep it above the CCV thus
preventing alveolar collapse.

Limiting an increase in the residual volume
would keep the FRC below the CCV and promote
alveolar collapse. Positive-end expiratory pressure
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has no effect on inspiratory reserve volume (IRV)
or tidal volume (TV) and does not increase pCO,.

Answer: B

Rimensberger PC, Bryan AC (1999) Measurement of
functional residual capacity in the critically ill. Rel-
evance for the assessment of respiratory mechanics
during mechanical ventilation. Intensive Care Medicine 25
(5), 540-2.

Sidebotham D, McKee A, Gillham M, Levy J (2007)
Cardiothoracic Critical Care, Butterworth-Heinemann,
Philadelphia, PA.

10. The right atrial tracing below is consistent with:

| ey |

. Tricuspid stenosis
. Normal right atrial waveform tracing
. Tricuspid regurgitation

. Constrictive pericarditis

M 9 o W o

. Mitral stenosis

The normal jugular venous pulse contains three
positive waves. These positive deflections, labeled
“a,” “c”, and “v” occur, respectively, before the
carotid upstroke and just after the P wave of the
ECG (a wave); simultaneous with the upstroke of
the carotid pulse (¢ wave); and during ventricular
systole until the tricuspid valve opens (v wave). The
“a” wave is generated by atrial contraction, which
actively fills the right ventricle in end-diastole.
The “c” wave is caused either by transmission of
the carotid arterial impulse through the external
and internal jugular veins or by the bulging of
the tricuspid valve into the right atrium in early
systole. The “v” wave reflects the passive increase
in pressure and volume of the right atrium as it fills
in late systole and early diastole.

ug

Normally the crests of the “a” and “v” waves are
approximately equal in amplitude. The descents or
troughs of the jugular venous pulse occur between
the “a” and “c” wave (“x” descent), between the “c”

—

and “v” wave (“x” descent), and between the “v”
and “a” wave (“y” descent). The x and x" descents
reflect movement of the lower portion of the right
atrium toward the right ventricle during the final
phases of ventricular systole. The y descent repre-
sents the abrupt termination of the downstroke of
the v wave during early diastole after the tricuspid
valve opens and the right ventricle begins to fill
passively. Normally the y descent is neither as brisk
nor as deep as the x descent.

large a wave with impaired y descent
normal

A. Tricuspid stenosis.

B. Normal jugular venous tracing.

cv merger
normal
c
v
S1 32

C. Tricuspid regurgitation.

striking y descent
normal

31 82

D. Constrictive pericarditis



Answer: C

Hall JB, Schmidt GA, Wood LDH (eds) Principles of Critical
Care, 3rd edn, McGraw-Hill, New York.

McGee S (2007) Evidence-based Physical Diagnosis, 2nd edn,
W. B. Saunders & Co., Philadelphia, PA.

Pinsky LE, Wipt JE (n.d.) University of Washington
Department of Medicine. Advanced Physical Diagnosis.
Learning and Teaching at the Bedside. Edition 1,
http://depts.washington.edu/physdx/neck/index.html
(accessed November 6, 2011).

11. The addition of PEEP in optimizing ventilatory
support in patients with ARDS does all of the following
except:

A. Increase functional residual capacity (FRC) above the
alveolar closing pressure

B. Maximize inspiratory alveolar recruitment

C. Limit ventilation below the lower inflection point to
minimize shear-force injury

D. Improve V/Q mismatch

E. Increases the mean airway pressure

The addition of positive-end expiratory pressure
(PEEP) in patients who have ARDS has been shown
to be beneficial. By maintaining a small positive
pressure at the end of expiration, considerable
improvement in the arterial PaO, can be obtained.
The addition of PEEP maintains the functional
residual capacity (FRC) above the critical clos-
ing volume (CCV) of the alveoli, thus preventing
alveolar collapse. It also limits ventilation below
the lower inflection point minimizing shear force
injury to the alveoli. The prevention of alveolar col-
lapse results in improved V/Q mismatch, decreased
shunting, and improved gas exchange. The addition
of PEEP in ARDS also allows for lower FiO, to be
used in maintaining adequate oxygenation.

PEEP maximizes the expiratory alveolar recruit-
ment; it has no effect on the inspiratory portion of
ventilatory support.

Answer: B

Gattinoni L, Cairon M, Cressoni M, et al. (2006) Lung
recruitement in patients with acute respiratory dis-
tress syndrome. New England Journal of Medicine 354,
1775-86.
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West B (2008) Pulmonary Pathophysiology—The Essentials,
8th edn, Lippincott, Williams & Wilkins, Philadelphia,
PA.

12. A 70-year-old man with a history of diabetes,
hypertension, coronary artery disease, asthma and long-
standing cigarette smoking undergoes an emergency
laparotomy and Graham patch for a perforated duodenal
ulcer. Following the procedure he develops acute respi-
ratory distress and oxygen saturation of 88%. Blood gas
analysis reveals the following:

pH =743

pa0; = 55 mm Hg
HCO3 = 23 mmol/L
pCO; = 35 mm Hg

Based on the above results, you would calculate his A-
a gradient to be (assuming atmospheric pressure at sea
level, water vapor pressure = 47 mm Hg):

A. 8mm Hg
. 15mm Hg
. 30 mm Hg

. 52 mm Hyg

M 9 o W

. 61 mm Hg

The A-a gradient is equal to PAO, — PaO, (55
from ABG). The PAO, can be calculated using the
following equation:

PaOz = FIOZ(PB — PHZO) — (PaCOZ/RQ)
= 0.21 (760 — 47) — (35/0.8)
PaO, = 106 mm Hg

Therefore, A-a gradient (PaO, — PAO,) = 51 mm
Hg.

Answer: D

Marino P (2007) The ICU Book, 3rd edn, Lippincott
Williams & Wilkins, Philadelphia, PA, Chapter 19.

13. What is the most likely etiology of his respiratory
failure and the appropriate intervention?

A. Pulmonary edema, cardiac workup

B. Neuromuscular weakness, intubation and reversal of
anesthetic

C. Pulmonary embolism, systemic anticoagulation
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D. Acute asthma exacerbation, bronchodilators

E. Hypoventilation, pain control

Disorders that cause hypoxemia can be cat-
egorized into four groups: hypoventilation, low
inspired oxygen, shunting and V/Q mismatch.
Although all of these can potentially present with
hypoxemia, calculating the alveolar-arterial (A-a)
gradient and determining whether administering
100% oxygen is of benefit, can often determine the
specific type of hypoxemia and lead to quick and
effective treatment.

Acute hypoventilation often presents with an
elevated PaCO, and a normal A-a gradient. This
is usually seen in patients with altered mental
status due to excessive sedation, narcotic use or
residual anesthesia. Since this patient’s PaCO, is
low (35 mm Hg), it is not the cause of this patient’s
hypoxemia.

Low inspired oxygen presents with a low PO,
and a normal A-a gradient. Since this patient’s A-a
gradient is elevated, this is unlikely the cause of the
hypoxemia.

A V/Q mismatch (pulmonary embolism or acute
asthma exacerbation) presents with a normal
PaCO, and an elevated A-a gradient that does
correct with administration of 100% oxygen. Since
this patient’s hypoxemia does not improve after
being placed on the nonrebreather mask, it is
unlikely that this is the cause.

Shunting (pulmonary edema) presents with a
normal PaCO, and an elevated A-a gradient that
does not correct with the administration of 100%
oxygen. This patient has a normal PaCO,, an ele-
vated A-a gradient and hypoxemia that does not
correct with the administration of 100% oxygen.
This patient has a pulmonary shunt.

Although an A-a gradient can vary with age
and the concentration of inspired oxygen, an A-a
gradient of 51 is clearly elevated. This patient has a
normal PaCO, and an elevated A-a gradient that
did not improve with 100% oxygen administra-
tion therefore a shunt is clearly present. Common
causes of shunting include pulmonary edema and
pneumonia.

Reviewing this patient’s many risk factors
for a postoperative myocardial infarction and a
decreased left ventricular function makes pul-
monary edema the most likely explanation.

Answer: A

Weinberger SE, Cockrill BA, Mandel J (2008) Principles of
Pulmonary Medicine, 5th edn. W. B. Saunders, Philadel-
phia, PA.

14. You are taking care of a morbidly obese patient
on a ventilator who is hypotensive and hypoxic. His
peak airway pressures and plateau pressures have been
slowly rising over the last few days. You decide to
place an esophageal balloon catheter. The values are
obtained:

Pplat = 45 cm H,0
AtP =15 cm H,0
APes =5 cm H,O

What is the likely cause of the increased peak airway
pressures and what is your next intervention?

A. Decreased lung compliance, increase PEEP to 25 cm
H,0

B. Decreased lung compliance, high frequency oscillator
ventilation

C. Decreased chest wall compliance, increase PEEP to
25cm H,0

D. Decreased chest wall compliance, high-frequency oscil-
lator ventilation

E. Decreased lung compliance, bronchodilators

The high plateau pressures in this patient are
concerning for worsening lung function or poor
chest-wall mechanics due to obesity that don’t
allow for proper gas exchange. One way to differ-
entiate the major cause of these elevated plateau
pressures is to place an esophageal balloon. After
placement, measuring the proper pressures on
inspiration and expiration reveals that the largest
contributing factor to these high pressures is the
weight of the chest wall causing poor chest-wall
compliance. The small change in esophageal pres-
sures, as compared with the larger change in
transpulmonary pressures, indicates poor chest-
wall compliance and good lung compliance. It
is why the major factor in this patient’s high
inspiratory pressures is poor chest-wall compli-
ance. The patient is hypotensive, so increasing the
PEEP would likely result in further drop in blood
pressure. This is why high-frequency oscillator



ventilation would likely improve this patient’s
hypoxemia without atffecting the blood pressure.

Answer: D

Talmor D, Sarge T, O'Donnell C, Ritz R (2006) Esophageal
and transpulmonary pressures in acute respiratory fail-
ure. Critical Care Medicine 34 (5), 1389-94.

Valenza F., Chevallard G., Porro GA, Gattinoni L (2007)
Static and dynamic components of esophageal and
central venous pressure during intra-abdominal hyper-
tension. Critical Care Medicine 35 (6), 1575-81.

15.  All of the following cardiovascular changes occur
in pregnancy except:

A. Increased cardiac output
Decreased plasma volume
Increased heart rate

Decreased systemic vascular resistance

M9 oo =

Increased red blood cell mass — “relative anemia”

The following cardiovascular changes occur dur-
ing pregnancy:
e Decreased systemic vascular resistance
e Increased plasma volume
¢ Increased red blood cell volume
e Increased heart rate
e Increased ventricular distention
¢ Increased blood pressure
e Increased cardiac output
¢ Decreased peripheral vascular resistance

Answer: B

DeCherney AH, Nathan L (2007) Current Diagnosis and
Treatment: Obstetrics and Gynecology, 10th edn, McGraw-
Hill, New York, Chapter 7.

Yeomans, ER, Gilstrap, L. C. III. (2005) Physiologic
changes in pregnancy and their impact on critical care.
Critical Care Medicine 33, 256-8.

16. Choose the incorrect statement regarding the phys-
iology of the intra-aortic balloon pump:

A. Shortened intraventricular contraction phase leads to
increased oxygen demand

B. The tip of catheter should be between the second and
third rib on a chest x-ray
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C. Early inflation leads to increased afterload and
decreased cardiac output

D. Early or late deflation leads to a smaller afterload
reduction

E. Aortic valve insufficiency is a definite contraindication

Patients who suffer hemodynamic compro-
mise despite medical therapies may benefit from
mechanical cardiac support of an intra-aortic bal-
loon pump (IABP). One of the benefits of this
device is the decreased oxygen demand of the
myocardium as a result of the shortened intraven-
tricular contraction phase. It is of great importance
to confirm the proper placement of the balloon
catheter with a chest x-ray that shows the tip of
the balloon catheter to be 1 to 2cm below the
aortic knob or between the second and third rib.
If the balloon is placed too proximal in the aorta,
occlusion of the brachiocephalic, left carotid, or
left subclavian arteries may occur. If the balloon
is too distal, obstruction of the celiac, superior
mesenteric, and inferior mesenteric arteries may
lead to mesenteric ischemia. The renal arteries may
also be occluded, resulting in renal failure.

Additional complications of intra-aortic balloon-
pump placement include limb ischemia, aortic dis-
section, neurologic complications, thrombocytope-
nia, bleeding, and infection.

The inflation of the balloon catheter should occur
at the onset of diastole. This results in increased
diastolic pressures that promote perfusion of the
myocardium as well as distal organs. If inflation
occurs too early it will lead to increased afterload
and decreased cardiac output. Deflation should
occur at the onset of systole. Early or late deflation
will diminish the effects of afterload reduction. One
of the definite contraindications to placement of an
IABP is the presence of a hemodynamically signif-
icant aortic valve insufficiency. This would exacer-
bate the magnitude of the aortic regurgitation.

Answer: A

Ferguson JJ, Cohen M, Freedman RJ, Stone GW,
Joseph DL, Ohman EM (2001) The current practice of
intra-aortic balloon counterpulsation: results from the
Benchmark Registry. Journal of American Cardiology 38,
1456-62.
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Hurwitz, LM., Goodman PC (2005) Intraaortic balloon
pump location and aortic dissection. Am. J. Roentgenology
184, 1245-6.

Sidebotham D, McKee A, Gillham M, Levy J (2007)
Cardiothoracic Critical Care, Butterworth-Heinemann,
Philadelphia, PA.

17. Choose the incorrect statement regarding the West
lung zones:

A. Zone I does not exist under normal physiologic condi-
tions

B. In hypovolemic states, zone 1 is converted to zone 2
and zone 3

C. V/Q ratio is higher in zone I than in zone 3

D. Artificial ventilation with excessive PEEP can increase
dead space ventilation

E. Perfusion and ventilation are better in the bases than
the apices of the lungs

The three West zones of the lung divide the
lung into three regions based on the relationship
between alveolar pressure (PA), pulmonary arterial
pressure (Pa) and pulmonary venous pressure (Pv).

Zone 1 represents alveolar dead space and is due
to arterial collapse secondary to increased alveolar
pressures (PA > Pa > Pv).

Zone 2 is approximately 3 cm above the heart
and represents and represents a zone of pulsatile
perfusion (Pa > PA > Pv).

Zone 3 represents the majority of healthy lungs
where no external resistance to blood flow exists
promoting continuous perfusion of ventilated lungs
(Pa > Pv > PA).

Zone 1 does not exist under normal physio-
logic conditions because pulmonary arterial pres-
sure is higher than alveolar pressure in all parts of
the lung. However, when a patient is placed on
mechanical ventilation (positive pressure ventila-
tion with PEEP) the alveolar pressure (PA) becomes
greater than the pulmonary arterial pressure (Pa)
and pulmonary venous pressure (Pv). This rep-
resents a conversion of zone 3 to zone 1 and 2
and marks an increase in alveolar dead space. In
a hypovolemic state, the pulmonary arterial and
venous pressures fall below the alveolar pressures
representing a similar conversion of zone 3 to zone
1 and 2. Both perfusion and ventilation are better
at the bases than the apices. However, perfusion is

better at the bases and ventilation is better at the
apices due to gravitational forces.

Answer: B

Lumb A (2000) Nunn's Applied Respiratory Physiology,
5 edn, Butterworth-Heinemann, Oxford.

West J, Dollery C, Naimark A (1964) Distribution of blood
flow in isolated lung; relation to vascular and alveolar
pressures. Journal of Applied Physiology 19, 713-24.

18. Choose the correct statement regarding clini-
cal implications of cardiopulmonary interactions during
mechanical ventilation:

A. The decreased transpulmonary pressure and decreased
systemic filling pressure is responsible for decreased
Venous return.

B. Right ventricular end-diastolic volume is increased
due to increased airway pressure and decreased
venous return

C. The difference between transpulmonary and systemic
filling pressures is the gradient for venous return.

D. Patients with severe left ventricular dysfunction may
have decreased transmural aortic pressure resulting in
decreased cardiac output

E. Patients with decreased PCWP usually improve with
additional PEEP

The increased transpulmonary pressure and
decreased systemic filling pressure is responsible
for decreased venous return to the heart resulting
in hypotension. This phenomenon is more pro-
nounced in hypovolemic patients and may worsen
hypotension in patients with low PCWP.

Right ventricular end-diastolic volume is de-
creased due to the increased transpulmonary pres-
sure and decreased venous return.

Patients with severe left ventricular dysfunction
may have decreased transmural aortic pressure
resulting in increased cardiac output.

Answer: C

Hurford W E (1999) Cardiopulmonary interactions during
mechanical ventilation. International Anesthesiology Clin-
ics 37 (3), 35-46.

Marino P (2007) The ICU Book, 3rd edn, Lippincott
Williams & Wilkins, Philadelphia, PA.



19. The location of optimal PEEP on a volume-
pressure curve is:

b N

. Slightly below the lower inflection point
B. Slightly above the lower inflection point
C. Slightly below the upper inflection point
D. Slightly above the upper inflection point
E

. Cannot be determined on the volume-pressure curve

In ARDS, patients often have lower compli-
ant lungs that require more pressure to achieve
the same volume of ventilation. On a pressure-
volume curve, the lower inflection point represents
increased pressure necessary to initiate the opening
of alveoli and initiate a breath. The upper inflection
point represents increased pressures with limited
gains in volume. Conventional ventilation often
reaches pressures that are above the upper inflec-
tion point and below the lower inflection point.
Any ventilation above the upper inflection point
results in some degree of overdistention and leads
to volutrauma. Ventilating below the lower inflec-
tion point results in under-recruitment and shear
force injury. The ideal mode of ventilation works
between the two inflection points eliminating over
distention and volutrauma and under-recruitment
and shear force injury. Use tidal volumes that are
below the upper inflection point and PEEP that is
above the lower inflection point.

Answer: B

Lubin MF, Smith RB, Dobson TF, Spell N, Walker HK
(2010) Medical Management of the Surgical Patient: A
Textbook of Perioperative Medicine, 4th edn, Cambridge
University Press, Cambridge.

Ward NS, Lin DY, Nelson DL, et al. (2002) Successful
determination of lower inflection point and maximal
compliance in a population of patients with acute
respiratory distress syndrome. Critical Care Medicine
30 (5), 963-8.

20. Identify the correct statement regarding the rela-
tionship between oxygen delivery and oxygen uptake
during a shock state:

A. Oxygen uptake is always constant at tissue level due to
increased oxygen extraction

B. Oxygen uptake at tissue level is always oxygen supply
dependent
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C. Critical oxygen delivery is constant and clinically pre-
dictable

D. Critical oxygen delivery is the lowest level required to
support aerobic metabolism

E. Oxygen uptake increases with oxygen delivery in a
linear relationship

As changes in oxygen supply (DO,) vary, the
body’s oxygen transport system attempts to main-
tain a constant delivery of oxygen (VO,) to the
tissues. This is possible due to the body’s ability to
adjust its level of oxygen extraction. As delivery of
oxygen decreases, the extraction ratio will initially
increase in a reciprocal manner. This allows for
a constant oxygen supply to the tissues. Unfortu-
nately, once the extraction ratio reaches its limit,
any additional decrease in oxygen supply will result
in an equal decrease of oxygen delivery. At this
point, critical oxygen delivery is reached represent-
ing the lowest level of oxygen to support aero-
bic metabolism. After this point, oxygen delivery
becomes supply dependent and the rate of aerobic
metabolism is directly limited by the oxygen sup-
ply. Therefore, oxygen uptake is only constant until
it reaches maximal oxygen extraction and becomes
oxygen-supply dependent. Oxygen uptake at the
tissue level is only oxygen-supply dependent only
after the critical oxygen delivery is reached and
dysoxia occurs. Unfortunately, identifying the crit-
ical oxygen delivery in ICU patients is not possible
and is clinically irrelevant.

Answer: D

Marino P (2007) The ICU Book, 3rd edn, Lippincott
Williams & Wilkins, Philadelphia, PA, Chapter 1.

Schumacker PT, Cain SM (1987) The concept of a critical
oxygen delivery. Intensive Care Medicine 13(4), 223-9.

21. You are caring for a patient in ARDS who exhibits
severe bilateral pulmonary infiltrates. The cause for his
hypoxia is related to transvascular fluid shifts resulting
in interstitial edema. Identify the primary reason for this
pathologic process.

A. Increased capillary and interstitial hydrostatic pres-
sure gradient

B. Increased oncotic reflection coefficient
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C. Increased capillary and interstitial oncotic pressure
gradient

D. Increased capillary membrane permeability coefficient

E. Increased oncotic pressure differences

This question refers to the Starling equation
which describes the forces that influence the move-
ment of fluid across capillary membranes.

Jy = K¢([P. — Pi]) — o[m — ]

P. = Capillary hydrostatic pressure
P; = Interstitial hydrostatic pressure
. = Capillary oncotic pressure

m; = Interstitial oncotic pressure

Ky = Permeability coefficient

o = Reflection coefficient

In ALI/ARDS, the oncotic pressure difference
between the capillary and the interstitium is essen-

tially zero due to the membrane damage caused by
mediators, which allows for large protein leaks into
the interstitum, causing equilibrium. The oncotic
pressure difference is zero, so the product with the
reflection coefficient is essentially zero. According
to this equation only two forces determine the
extent of transmembrane fluid flux: the perme-
ability coefficient and the hydrostatic pressure. In
this case, the increased permeability coefficient is
the major determinant of overwhelming intersi-
tial edema since high hydrostatic pressures are
often seen in congestive heart failure and not in
ALI/ARDS.

Answer: D

Lewis CA, Martin GS (2004) Understanding and man-
aging fluid balance in patients with acute lung injury.
Current Opinion in Critical Care 10 (1), 13-17.

Hamid Q, Shannon J, Martin J. (2005) Physiologic Basis
of Respiratory Disease, B. C. Decker, Hamilton, ON,
Canada.



Chapter 2 Cardiopulmonary
Resuscitation, Oxygen Delivery,

and Shock

Timothy J. Harrison, MS, DO and Mark Cipolle, MD, PhD, FACS, FCCM

1. All of the following are positive predictors of survival
after sudden cardiac arrest except:

A. Witnessed cardiac arrest
B. Initiation of CPR by bystander

C. Initial rhythm of ventricular tachycardia (VT) or
ventricular fibrillation (VF)

D. Chronic diabetes mellitus

E. Early access to external defibrillation

Significant underlying comorbidities such as
prior myocardial ischemia and diabetes have no
role in influencing survival rates from sudden car-
diac arrest. Survival rates are extremely variable
throughout the current literature and can range
from 0 to 18%. There are several factors that
influence these survival rates. Community educa-
tion plays a large role in the survival of patients
who have undergone a significant cardiac event.
Cardiopulmonary resuscitation certification as well
as rapid notification of emergency medical services
(EMS), and rapid initiation of CPR and defibril-
lation all contribute to improving survival. Other
factors include witnessed versus nonwitnessed car-
diac arrest, race, age, sex, and initial VT or VF
rhythm. The problem is that only about 20 to
30% of patients have CPR performed during a
cardiac arrest. As the length of time increases, the
chance of survival significantly falls. Patients who
are initially in VT or VF have a two to three
times greater chance of survival than patients who

Surgical Critical Care and Emergency Surgery: Clinical Questions and Answers,

First Edition. Edited by Forrest O. Moore, Peter M. Rhee,

Samuel A. Tisherman and Gerard J. Fulda.

© 2012 John Wiley & Sons, Ltd. Published 2012 by John Wiley & Sons, Ltd.

initially present in pulseless electrical activity (PEA)
arrest.

Answer: D

Cummins RO, Ornato JP, Thies WH, Pepe PE (1991)
Improving survival from sudden cardiac arrest: the
“chain of survival” concept. A statement for health
professionals from the Advanced Cardiac Life Sup-
port Subcommittee and the Emergency Cardiac Care
Committee, American Heart Association. Circulation 83,
1832-47.

Deutschman C, Neligan P (2010) Evidence-Based Practice of
Critical Care, W. B. Saunders & Co., Philadelphia, PA.
Zipes D, Hein W (1998) Sudden cardiac death. Circulation

98, 2334-51.

2. For prehospital VF arrest, compared to lidocaine,
amiodarone administration in the field:

A. Improves survival to hospital admission
. Decreases the rate of vasopressor use for hypotension
. Decreases use of atropine for treatment of bradycardia

. Improves survival to hospital discharge

M 9 o W

. Results in a decrease in ICU days

Dorian evaluated this question and found more
patients receiving amiodarone in the field had a
better chance of survival to hospital admission
than patients in the lidocaine group (22.8% versus
12.0%, P = 0.009). Results showed that there was
no significant difference between the two groups
with regard to vasopressor usage for hypoten-
sion, or atropine usage for bradycardia. Results
also revealed that there was no difference in the
rates of hospital discharge between the two groups

15
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(5.0% versus 3.0%). The ALIVE trial results did
support the 2005 American Heart Association rec-
ommendation to use amiodarone as the first-line
antiarrhythmic agent in cardiac arrest. The guide-
lines state that amiodarone should be given as a
300 mg intravenous bolus, followed by one dose
of 150 mg intravenously for ventricular fibrillation,
paroxysmal ventricular tachycardia, unresponsive
to CPR, shock, or vasopressors.

Answer: A

Deutschman C, Neligan P (2010) Evidence-Based Practice of
Critical Care. WB Saunders & Co., Philadelphia, PA.

Dorian P, Cass D, Schwartz B, et al. (2002) Amiodarone
as compared with lidocaine for shock-resistant ventric-
ular fibrillation. New England Journal of Medicine 346,
884-90.

3. All of the following are underlying causes of PEA
arrest except:

A. Tension pneumothorax
B. Hyperkalemia

C. Hypomagnesemia

D. Hypothermia

E. Cardiac tamponade

Hypomagnesemia is not commonly associated
with PEA arrests. PEA is defined as cardiac elec-
trical activity on the monitor with the absence of
a pulse or blood pressure. Recent studies using
ultrasound showed evidence of mechanical activity
of the heart, however there was not enough ante-
grade force to produce a palpable pulse or a blood
pressure. Medications to treat PEA arrest include
epinephrine, and in some cases, atropine. Defini-
tive treatment of PEA involves finding and treating
the underlying cause. The causes are commonly
referred to as the six “Hs” and the five “Ts”. The six
“H’s” include hypovolemia, hypoxia, hydrogen ion
(acidosis), hypo/hyperkalemia, hypoglycemia, and
hypothermia. The five “Ts” include toxins, tampon-
ade (cardiac), tension pneumothorax, thrombosis
(cardiac or pulmonary), and trauma. Hypomag-
nesemia manifests as weakness, muscle cramps,
increased CNS irritability with tremors, athetosis,
nystagmus, and an extensor plantar reflex. Most

frequently, hypomagnesemia is associated with tor-
sades de pointes, not PEA.

Answer: C

American Heart Association (2005) Part 7.2: Management
of cardiac arrest. Circulation 112, (suppl 1), IV-58-IV-
66.

Criner GJ, Barnette RE, D’Alonzo GE (2010) Critical Care
Study Guide, Text and Review, Springer, New York.

4. CPR provides approximately what percentage of
myocardial blood flow and what percentage of cerebral
blood flow?

A. 10-30% of myocardial blood flow and 30-40% cere-
bral blood flow

B. 30-40% of normal myocardial blood flow and
10-30% of cerebral blood flow

C. 50-60% of myocardial blood flow and cerebral blood
flow

D. 70-80% of myocardial blood flow and cerebral blood
flow

E. With proper chest compressions, approximately 90 %
of normal myocardial blood flow and cerebral blood

flow

Despite proper CPR technique, standard closed-
chest compressions provide only 10-30% of myo-
cardial blood flow and 30-40% of cerebral blood
flow. Most studies have shown that regional organ
perfusion, which is achieved during CPR, is con-
siderably less than that achieved during normal
sinus rhythm. Previous research in this area has
stated that a minimum aortic diastolic pressure of
approximately 40 mmHg is needed to have a return
of spontaneous circulation. Patients who do survive
cardiac arrest typically have a coronary perfusion
pressure of greater than 15 mmHg.

Answer: A

Del Guercio LRM, Feins NR, Cohn J, etal. (1965) Compar-
ison of blood flow during external and internal cardiac
massage in man. Circulation 31/32 (suppl. 1), 171.

Kern K (1997) Cardiopulmonary resuscitation physiol-
ogy. ACC Current Journal Review 6, 11-13.



Cardiopulmonary Resuscitation, Oxygen Delivery, and Shock 17

5. All of the following are recommended in the 2005
AHA guidelines regarding CPR and sudden cardiac arrest
except

A. Use a compression to ventilation ratio (C/V ratio) of
30:2

B. Initiate chest compressions prior to defibrillation for
ventricular fibrillation in sudden cardiac arrest

C. Deliver only one shock when attempting defibrillation

D. Use high-dose epinephrine after two rounds of unsuc-
cessful defibrillation

E. Moderately induced hypothermia in survivors of in-
hospital or out-of-hospital cardiac arrest

The use of high-dose epinephrine has not been
shown to improve survival after sudden cardiac
arrest. Epinephrine at a dose of 1 mg is still the cur-
rent recommendation for patients with asystole or
PEA arrest. The first new recommendation was to
change the old 15:2 C/V ratio to 30:2 in patients of
all ages except newborns. This new ratio is based on
several studies showing that over time, blood-flow
increases with more chest compressions. Perform-
ing 15 compressions then two rescue breaths causes
the mechanism to be interrupted and decreases
blood flow to the tissues. The new 30:2 ratio is
thought to reduce hyperventilation of the patient,
decrease interruptions of compressions and make it
easier for healthcare workers to understand. Com-
pression first versus shock first for ventricular fib-
rillation in sudden cardiac arrest is based on studies
that looked at the interval between the call to the
emergency medical services and delivery of the ini-
tial shock If the interval was 4-5 minutes or longer,
a period of CPR before attempted shock improved
survival in patients. One shock versus the three-
shock sequence for attempted defibrillation is the
latest recommendation. The guidelines state that
only one shock of 150 or 200 joules using a biphasic
defibrillator or 360 joules of a monophasic defibril-
lator should be used in these patients. In an effort
to decrease transthoracic impedence, a three-shock
sequence was used in rapid succession. Because
the new biphasic defibrillators have an excellent
first shock efficacy, the one-shock method for
attempted defibrillation was added to the current
guidelines. Also recommended in the 2005 guide-
lines was the use of hypothermia after cardiac

arrest. Brain neurons are extremely sensitive to
a reduction in cerebral blood flow, which can
cause permanent brain damage in minutes. Two
recent trials demonstrated improved survival rates
in patients that underwent mild hypothermia as
compared to patients who received standard ther-
apy. Both studies also showed an improvement in
neurologic function after hypothermia treatment.
In several small studies, high-dose epinephrine
failed to show any survival benefit in patients that
have suffered cardiac arrest.

Answer: D

Deutschman C, Neligan P (2010) Evidence-Based Practice of
Critical Care, W. B. Saunders & Co., Philadelphia, PA.
Zaritsky A, Morley P (2005) American Heart Associa-
tion guidelines for cardiopulmonary resuscitation and
emergency cardiovascular care. Editorial: The evidence
evaluation process for the 2005 International Consen-
sus on Cardiopulmonary Resuscitation and Emergency
Cardiovascular Care Science with Treatment Recom-

mendations. Circulation 112, 128-30.

6. Whatis the oxygen content (Ca0,) in an ICU patient
who has a hemoglobin of 11.0 gm/dl, an oxygen satu-
ration (Sa0,) of 96%, and an arterial oxygen partial
pressure of (Pa0,) of 90 mm Hy.

A. 10 mL/dl
11 mL/dl
12 mL/dl
13 mL/dl

SIS

14 mL/dl
The oxygen content of the blood can be cal-
culated from knowing the patients hemoglobin,
oxygen saturation, and partial pressure of arterial
oxygen and the following formula.

Ca0, = (1.3 x Hb x Sa0,) + (0.003 x Pa0O,)

Ca0, = (1.3 x 11 x 0.96) + (0.003 x 90)

Ca0, = (13.72) + (0.27)
= 13.99 or 14 mL/dl
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Answer: E

Marino P (2007). The ICU Book, 3rd edn, Lippincott
Williams & Wilkins, Philadelphia, PA.

7. What is the oxygen delivery (DO,) of an ICU patient
with hemoglobin of 10.0 gm/dl; an oxygen saturation
of 98% on room air, PaO, of 92mm Hg, and a cardiac
output of 4 L/min?

A. 410 mL/min
B. 510 mL/min
C. 521 mL/min
D. 50.96 ml/min
E. 610 mL/min
Oxygen delivery can be calculated knowing the
patient’s hemoglobin, oxygen saturation, partial

pressure of arterial oxygen, and cardiac output and
using the following formula.

DO, = Q x Ca0, or DO, = Q ((1.3 x Hb x Sa0,)
4 (0.003 x Pa0,)) x 10

Q = cardiac output, CaCo, = oxygen content of
the blood

DO, =4 x ((1.3x 10 x0.98) + (0.003 x 92)) x 10
DO, =520.6 or 521 mL/min

The equation is multiplied by 10 to convert
volumes percent to mL/min. A DO, index can be
calculated by substituting the cardiac index for the
cardiac output, which is the cardiac output divided
by the body surface area (BSA).

Answer: C

Marino P (2007) The ICU Book, 3rd edn, Lippincott
Williams & Wilkins, Philadelphia, PA.

8. Calculate the oxygen consumption (VO,) in a ven-
tilated patient in your ICU with a cardiac output of
5 L/min, a Hb of 12.0 gm/dl, PaO, 90 mmHg, an
Sa0; of 95%, and an SvO; of 60%.

A. 178 mL/min

B. 278 mL/min
C. 378 mL/min
D. 478 mL/min
E. 578 mL/min
Venous oxygen consumption, VO, can be cal-
culated knowing the patients hemoglobin, oxygen

saturation, partial pressure of arterial oxygen, car-
diac output and the following formula.

VO, = Cardiac output x oxygen content
x the difference in oxygen saturation
between arterial and venous blood.
VO, = QL/min x((1.3 mL/g x Hb mL/dl)
4+ (0.003 x Pa0;)) x (SaO; — SvO,) x 10

VO, =5 x ((1.3 x 12.0) 4+ (0.003 x 90))
x (0.95 —0.60) x 10
VO, =5 x 15.87 x 0.35 x 10

VO, = 277.7 mL/min

Answer: B

Marino P (2007) The ICU Book, 3rd edn, Lippincott
Williams & Wilkins, Philadelphia, PA.

9. The most effective way of generating ATP is via
cellular respiration. The complete cellular respiration of
glucose will yield:

A. 26 ATP
B. 34 ATP
C. 36 ATP
D. 32 ATP

E. 42 ATP

At the cellular level, cellular respiration and
oxidative phosphorylation are the most efficient
way of generating ATP, through a series of
oxidation-reduction reactions in which oxygen
becomes the final electron acceptor. Thirty-six
ATPs are generated via aerobic metabolism during
cellular respiration. Anaerobic metabolism converts
pyruvate into lactate, which is a very inefficient
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way to produce ATP. Some books will give the
number of ATP as 38; however, two molecules of
ATP are consumed during the process, which yields
36 ATP.

Answer: C

Bylund-Fellenius AC, Walker PM, Elander A, Holm S,
et al. (1981) Energy metabolism in relation to oxygen
partial pressure in human skeletal muscle during exer-
cise. Journal of Biological Chemistry 200, 247-55.

Campbell NA, Reece JB (2008) Biology, Benjamin Cum-
mings: San Francisco, CA, p. 176.

10. Al of the following shift the oxygen-dissociation
curve to the left except:

A. Fetal Hb

B. Carboxyhemoglobin
C. Respiratory alkalosis
D. Chronic anemia
E

. Hypophosphatemia

The oxygen-dissociation curve is a great tool
to help understand how hemoglobin carries and
releases oxygen. The sinusoidal curve plots the
proportion of saturated hemoglobin on the verti-
cal axis against oxygen tension on the horizontal
axis. There are multiple factors that will shift the
curve either to the right or to the left. A right-
ward shift indicates that the hemoglobin has a
decreased affinity for oxygen. In other words, it is
more difficult for hemoglobin to bind to oxygen
but easier for the hemoglobin to release oxygen
bound to it. The added effect of this rightward
shift increases the partial pressure of oxygen in
the tissues where it is mostly needed, such as
during strenuous exercise, or various shock states.
In contrast, a leftward shift indicates that the
hemoglobin has an increased affinity for oxygen,
so that the hemoglobin binds oxygen more easily
but unloads it more judiciously. Fetal hemoglobin
causes a leftward shift of the oxygen-dissociation
curve because there is reduced binding of 2,3 DPG
to fetal hemoglobin. 2,3 DPG binds best to beta
chains of adult hemoglobin. Fetal hemoglobin con-
sists of two alpha chains and two gamma chains.

Fetal hemoglobin is therefore less sensitive to the
effects of 2,3 DPG, lowering the p50 level and shift-
ing the curve to the left. Hemoglobin binds with
carbon monoxide 200-250 times more readily than
with oxygen. The presence of just one molecule of
carbon monoxide on one of the heme sites causes
the oxygen on the other heme sites to bind with
greater affinity. This makes it more difficult for
the hemoglobin to release the oxygen, shifting the
curve to the left. Carbon dioxide affects the oxygen-
dissociation curve in two ways; it influences the
intracellular pH via the Bohr effect, and there is
an accumulation of CO,, which causes the produc-
tion of carbamino compounds, which then bind to
hemoglobin forming carbaminohemoglobin. Low
levels of carbamino compound cause the curve
to shift to the right, while higher levels cause
a leftward shift. 2,3 DPG is an organophosphate,
which is created by erythrocytes during glycolysis.
In the presence of diminished peripheral tissue
oxygen availability, such as hypoxemia, COPD,
anemia, and congestive heart failure, the produc-
tion of 2,3 DPG is significantly increased. High
levels of 2,3 DPG shift the curve to the right, while
low levels of 2,3 DPG shift the curve to the left,
as seen in conditions such as septic shock, and
hypophosphatemia.

Answer: D

Marini JJ, Wheeler AP (2006) Critical Care Medicine, The
Essentials, Lippincott Williams & Wilkins, Philadelphia,
PA.

The Physiology Viva (2003)
(accessed April 2, 2011).
Oxygen-Hemoglobin dissociation curve (2011) http://en
.wikipedia.org/wiki/Oxygen%E2 %80 % 93hemoglobin

_dissociation_curve (accessed March 25, 2011).

www.anesthesiamcq.com

11. The diagnosis of SIRS may include all of the
following except:

A. A blood pressure of 86/40 mm Hg
B. Temperature of 35.6 °C

C. Heart rate of 103 beats/minute

D. PaCO, of 27 mm Hg
E

. WBCof 15.5 x 10°/microL
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Hypotension is not included in the criteria for the
diagnosis of systemic inflammatory response syn-
drome (SIRS). This is a syndrome characterized by
abnormal regulation of various cytokines leading to
generalized inflammation, organ dysfunction and
eventual organ failure. The definition of SIRS was
formalized in 1992 following a consensus statement
between the American College of Chest Physicians
and the Society of Critical Care Medicine. SIRS was
defined as being present when two or more of the
following criteria are met:

Temperature: >38 °C or <36 °C

Heart rate: >90 bpm

Respiratory rate >20 breaths/minute or PaCO, <32 mm
Hg

WBC >12 000/microL or <4000/microL

The causes of SIRS can be broken down into
infectious causes, which include sepsis, or nonin-
fectious causes, which can include trauma, burns,
pancreatitis, hemorrhage and ischemia. Treatment
should be directed at fixing the underlying etiology.

Answer: A

Marini JJ, Wheeler AP (2006) Critical Care Medicine, The
Essentials, Lippincott Williams & Wilkins, Philadelphia,
PA.

Marino P (2007) The ICU Book, 3rd edn, Lippincott
Williams & Wilkins, Philadelphia, PA.

12. Al of the following are consistent with cardiogenic
shock except:

A. PAOP > 18 mm Hg
B. C.I < 2.2 L/min/m?
C. 8a0, of 86%

D. Pulmonary edema
E. SVO, 0f 90%

A SVO, of 90% is increased from the normal
range of 70 to 75%, which would be consistent
with septic shock but not cardiogenic shock. Car-
diogenic shock results from either a direct or indi-
rect insult to the heart, leading to a decreased
output, and can be further defined as low cardiac
output, despite normal ventricular filling pressures.
Cardiogenic shock is diagnosed when the cardiac

index is less than 2.2 L/min/m?, and the pul-
monary wedge pressure is greater than 18 mm Hg,
which excludes answers A and B. The decreased
contractility of the left ventricle is the etiology of
cardiogenic shock. Because the ejection fraction
is reduced, the ventricle tries to compensate by
becoming more compliant in an etfort to increase
stroke volume. After a certain point, the ventricle
can no longer work at this level and begins to
fail. This failure leads to a significant decrease
in cardiac output, which then leads to a buildup
of pulmonary edema, an increase in myocardial
oxygen consumption, and an increased intrapul-
monary shunt. For these reasons, answers C and
D are excluded. Progressive cardiac failure would
result in a decrease in SVO,, not an increase.

Answer: E

Marino P (2007) The ICU Book, 3rd edn, Lippincott
Williams & Wilkins, Philadelphia, PA.

Marini JJ, Wheeler AP (2006) Critical Care Medicine, The
Essentials. Lippincott Williams & Wilkins, Philadelphia,
PA.

13.  All of the following statements regarding pulsus
paradoxus are true except:

A. It is considered a normal variant during the inspira-
tory phase of respiration

B. It has been shown to be a positive predictor of the
severity of pericardial tamponade

C. A slight increase in blood pressure occurs with inspi-
ration, while a drop in blood pressure is seen during
exhalation

D. Heart sounds can be auscultated when a radial pulse
is not felt during exhalation.

Pulsus paradoxus is defined as a decrease in
systolic blood pressure of greater than 10 mm Hg
during the inspiratory phase of the respiratory
cycle. It is considered a normal variant during
this phase of the respiratory cycle. Under normal
conditions, there are several changes in intratho-
racic pressure that are transmitted to the heart and
great vessels. During inspiration, there is distention
of the right ventricle due to increased venous
return. This causes the interventricular septum to
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bulge into the left ventricle, which then causes
increased pooling of blood in the expanded lungs,
further decreasing return to the left ventricle and
decreasing stroke volume of the left ventricle. So
this fall in stroke volume of the left ventricle is
reflected as a fall in systolic pressure. On clini-
cal examination, you are able to auscultate the
heart during inspiration but do lose a signal at the
radial artery. Pulsus paradoxus has been shown to
be a positive predictor of the severity of pericar-
dial tamponade as demonstrated by Curtiss, et al.
Pulsus paradoxus has been linked to several dis-
ease processes that can be separated into cardiac,
pulmonary and noncardiac/nonpulmlonary causes.
Cardiac causes are tamponade, constrictive peri-
carditis, pericardial effusion, and cardiogenic shock.
Pulmonary causes include pulmonary embolism,
tension pneumothorax, asthma, and COPD. Non-
cardiac/nonpulmonary causes include anaphylactic
reactions and shock, and obstruction of the supe-
rior vena cava.

Answer: C

Curtiss EI, Reddy PS, Uretsky BF, Cecchetti AA (1988)
Pulsus paradoxus: definition and relation to the severity
of cardiac tamponade. American Heart Journal 115 (2),
391-8. PMID 3341174.

Guyton AG (1963) Circulatory Physiology: Cardiac Output
and Its Regulation, W. B. Saunders, Philadelphia, PA.

14. Compared to neurogenic shock, spinal shock
involves:

A. Loss of sensation followed by motor paralysis and
gradual recovery of some reflexes

B. A distributive type of shock resulting in hypotension
and bradycardia that is from disruption of the auto-
nomic pathways within the spinal cord

C. A sudden loss of sympathetic stimulation to the blood
vessels

D. The loss of neurologic function of the spinal cord
following a prolonged period of hypotension

Spinal shock refers to a loss of sensation fol-
lowed by motor paralysis and eventual recovery
of some reflexes. Spinal shock results in an acute
flaccidity and loss of reflexes following spinal cord
injury and is not due to systemic hypotension.
Spinal shock initially presents as a complete loss of
cord function. As the shock state improves some
primitive reflexes such as the bulbo-cavernosus
will return. Spinal shock can occur at any cord
level.

Neurogenic shock involves hemodynamic
compromise associated with bradycardia and
a decreased systemic vascular resistance that
typically occurs with injuries above the level
of T6. Neurogenic shock is a distributive type
of shock which is due to disruption of the
sympathetic autonomic pathways within the spinal
cord, resulting in hypotension and bradycardia.
Treatment consists of volume resuscitation and
vasopressors for blood-pressure control, most
notably dopamine.

Answer: A

Marini JJ, Wheeler AP (2006) Critical Care Medicine, The
Essentials. Lippincott Williams & Wilkins, Philadelphia,
PA.

Piepmeyer JM, Lehmann KB and Lane JG (1985) Car-
diovascular instability following acute cervical spine
trauma. Central Nervous System Trauma 2, 153-9.

Neurogenic  Shock (2011) http://en.wikipedia.org/wiki/
Neurogenic_shock (accessed April 5, 2011).

Spinal Shock (2008) www.wheelessonline.com/ortho/
8669 (accessed April 5, 2011).



Chapter 3 Arrhythmias, Acute
Coronary Syndromes, and
Hypertensive Emergencies

Harrison T. Pitcher, MD and Timothy J. Harrison, DO

1. The action potential is expressed as the change in cel-
lular membrane voltage over time during depolarization
and repolarization of cardiac cells. All of the following are
correct regarding the cardiac action potential except:

A. Phase 4 represents the resting membrane potential
and is defined as the period from the end of repolar-
ization to the next depolarization

B. Inphase 3 the membrane conductance to all of the ions
remains low and cells are unresponsive to stimuli

C. Phase 2 is represented by slow, inward L-type cal-
cium channels and outward movement of potassium
through slow, delayed rectifier potassium channels
becoming activated

D. Phase 1 represents early, transient repolarization due
to rapid inactivation of sodium gated channels and
activation of outward potassium channels

E. The slope of phase 0 helps determine the maxi-
mum rate of depolarization of the cell and impulse
propagation
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There are two types of cardiac action poten-
tials. The “slow-response” action potentials that
make up the pacemaker cells are commonly found
in the sinoatrial and atrioventricular nodes and
the “fast-response” action potentials are commonly
made up of the atrial myocytes, the ventricular
myocytes, and the Purkinje cells. There are five
phases associated with the cardiac action potential.
Phase 0 represents the rapid, depolarization phase,
and is characterized by fast sodium ion influx.
The slope of phase 0 determines the maximum
rate of depolarization of the cell and the impulse
propagation. Phase 1 represents early repolariza-
tion caused by the rapid inactivation of the sodium
channels and the activation of potassium channels
moving potassium out of the cell. Phase 1 has
a characteristic “notch” on the graph. Phase 2 is
the “plateau” phase of the cardiac action poten-
tial. The membrane conductance remains relatively
low and cells are unresponsive to outside stimuli
due to activation of slow, inward L-type calcium
channels and outward movement of potassium
from the cells through slow, delayed rectifier potas-
sium channels. Phase 3 represents repolarization
of the cell, caused by inactivation of the slow
gated calcium channels and continued activation of
the rectifier potassium channels. It is during this
phase of the cardiac action potential that the cells
recover the ability to respond to stimuli and regain
their “excitability”. The relative refractory period
can also be associated with Phase 3 of the action
potential. This is when a strong stimulus is applied
to cells at the end of Phase 3 which encounters
other recovered sodium channels thus generating
a new action potential. Finally, Phase 4 is noted as
the resting membrane potential and is the period
from the end of repolarization until the start of
depolarization.
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Answer: B

Cardiovascular Physiology Concepts (2007) www.
cvphysiology.com/Arrhythmias/A010.htm
(accessed February 27, 2011).

2. With regards to the vascular supply to the cardiac
conduction system, all of the following are correct except:

A. The AV node receives dual blood supply from the
right coronary artery, and the left anterior descending
artery

B. The blood supply to the SA node is from the right
coronary artery and the left circumflex artery

C. The blood supply to the anterior fascicle is from the
posterior descending artery

D. The blood supply to the Bundle of His and the right
bundle branch is from the left anterior descending
circulation

E. The posterior fascicle receives its blood supply from the
left anterior descending artery and the left circumflex
artery

The SA node is located on the superior, lateral
surface of the right atrium near the entrance of the
superior vena cava. In 60% of cases, the SA node
receives its blood supply from the right coronary
artery, and 40% of the time from the left circumflex
artery. The AV node has a dual blood supply.
It receives blood from the posterior descending
artery from the right coronary artery and septal
branches from the left anterior descending artery.

The Bundle of His, and the right bundle branch
receives its blood supply from the Left Anterior
Descending artery. The Bundle of His protrudes
through the central fibrous body and then divides
into the left and right bundle branches. The left
bundle branch then further divides into the ante-
rior and posterior fascicle. The anterior fascicle
receives its blood supply from the left anterior
descending artery, the posterior fascicle receives
its blood from the left anterior descending artery
and the left circumflex artery. The blood supply to
the anterior fascicle, a division of the left bundle
branch, comes from the left anterior descending
artery.

Answer: C

Criner GJ, Barnette RE, D’Alonzo GE (2010) Critical Care
Study Guide, Text and Review. Springer: New York.

Electric Conduction System of the Heart. http://en.wikipedia
.org/wiki/Electrical_conduction_system_of_the_heart
(accessed March 1, 2011).

3. A 2l-year-old football player is evaluated for symp-
tomatic tachycardia. He first noticed the symptoms at
age 9 while running and has noticed the episodes are
becoming more frequent and lasting longer. He denies
ever losing consciousness and uses an albuterol inhaler for
asthma. He describes atypical chest pain, slight dyspnea,
and palpitations. His stress echocardiogram was normal
and his baseline EKG is shown here.
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Based upon your patient’s symptoms and the EKG find-
ings, your diagnosis is:

A. First-degree AV block
B. Atrial fibrillation with slow ventricular response

C. SVT with functional bundle branch block or aberrant
conduction

D. Wolff-Parkinson—White syndrome
E. Mobitz Type II AV block

Wolff-Parkinson-White syndrome is a pre-
excitation syndrome associated with an atrioven-
tricular reentrant tachycardia. The tachycardia is
due to an accessory pathway within the conduction
system of the heart known as the Bundle of Kent.
Certain medications, physical activity, and stress
can send the electrical impulse into the acces-
sory Bundle of Kent causing the prior unidirec-
tional block to quickly recover its excitability thus
sending the impulse back to reenter the circuit.
Most patients remain asymptomatic throughout
their lives; however a small percentage of patients
becomes symptomatic and progresses to ventricular
fibrillation, which then causes sudden death. Peo-
ple who are symptomatic during episodes of tachy-
cardia experience palpitations, dizziness, shortness
of breath, and fainting or near-fainting spells.
Classic EKG findings include; a short P-R interval
(<0.12s), a wide QRS complex (>0.12s), slur-
ring of the initial upstroke of the QRS complex

(a delta wave), and abnormal T waves indicating
problems with repolarization. A classic delta wave
can be seen in the precordial leads. Acute treat-
ment in a hypotensive patient involves cardiover-
sion and amiodarone or procainamide in a more
stable patient. The definitive treatment for WPW
syndrome involves radiofrequency ablation of the
accessory pathway.

Answer: D

Marini JJ, Wheeler AP (2006) Critical Care Medicine, The
Essentials, Lippincott Williams & Wilkins, Philadelphia,
PA.

4. A 40-year-old Asian man with controlled hyperten-
sion suddenly collapses while eating. His son promptly
initiates CPR. On paramedic arrival he is in ventricular
fibrillation and is successfully converted to normal sinus
rhythm with external defibrillation. In the emergency
room, the EKG shown here was obtained.

He had a second episode of ventricular fibrillation in the
ED and was again successfully defibrillated. Definitive
treatment for this patient’s diagnosis would be:

A. Observation
. Isoproterenol
. Quinidine

. Implantable cardiac defibrillator

M9 a W

. Surgical revascularization
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The clinical scenario and classic EKG find-
ings suggest Brugada syndrome. Placement of an
implantable cardiac defibrillator is the only defini-
tive for this cardiac pathology. Brugada syndrome
has an autosomal dominant pattern of transmission
and is characterized by cardiac conduction delays,
which can lead to ventricular fibrillation and sud-
den cardiac death. It is more common in men and
Asians. EKG findings typically reveal a right bundle
branch block with ST segment elevations in the
precordial leads. The pathophysiology is thought to
be caused by an alteration in the transmembrane
ion currents that together constitute the cardiac
action potential. In this case, choice A would not
be correct. Even though the patient remains in
normal sinus rhythm, the underlying problem has
not been fixed, and he would likely revert to ven-
tricular fibrillation. Choice B is an option to help
treat ventricular tachycardia storms by augmenting
the cardiac L-type channels; however, it is not a
definitive treatment. Quinidine is sometimes used
because it is a class 1A sodium channel blocker
that also blocks the outward potassium channel
current (Ito current), which prevents the heart
from going into ventricular fibrillation. Surgical
revascularization is not an option in these patients.
An ICD should be surgically placed, which will then
be programmed to fire when it detects an unstable
rhythm.

Answer: D

Alings M, Wilde A (1999) “Brugada” syndrome: clini-
cal data and suggested pathophysiological mechanism.
Circulation 99 (5), 666-73.

5. 4 57-year-old woman is admitted to the ICU after
being intubated for respiratory failure following an
asthma attack. Several hours after intubation she remains
hypotensive. Her EKG is concerning for ST segment ele-
vations in the precordial leads. Troponin is elevated at
0.56 pg/L. Cardiac catheterization demonstrates that her
vessels are completely normal. Bedside echocardiogram is
done, which reveals an ejection fraction of approximately
25% and significant hypokinesis of the mid and apical
segments of the left ventricle. Your diagnosis is:

A. Broken heart syndrome
B. Myocardial infarction

C. Acute pericarditis

D. Pulmonary embolism

E. Coronary artery vasospasm

Takotsubo’s syndrome or broken heart syndrome
is a transient cardiomyopathy that causes signifi-
cant cardiac depression and closely resembles acute
coronary syndromes. This is a typical presentation
of a patient with this cardiac disorder; respiratory
failure after a significant upper airway problem,
EKG changes, with an increase in cardiac enzymes,
mimicking acute myocardial infarction. However,
when the patient undergoes cardiac catheteriza-
tion, there is ballooning of the left ventricular
and no significant stenotic lesions of the coronary
vessels. Researchers believe that this syndrome is
caused by stress-induced catecholamine release,
with toxicity to and subsequent stunning of the
myocardium. Diagnosis is typically by thorough
history and physical, EKG changes, most com-
monly ST segment elevation and T wave inversion,
Echocardiogram showing significant wall motion
abnormalities, mildly elevated cardiac enzymes,
and cardiac angiography ruling out acute car-
diac ischemia secondary to occlusion of coronary
vessels. Acute coronary syndrome should be the
diagnosis until proven otherwise. The prognosis
remains excellent and exceeds 95%. Most patients
experience a complete recovery in about four to
eight weeks and recurrence is less than 3%.

Answer: A

Dorfman TA, Iskandrian AE (2009) Takotsubo car-
diomyopathy: State-of-the-art review. Journal of Nuclear
Cardiology 16 (1), 122-34.

Kawai S, Kitabatake A, Tomoike H (2007) Guidelines
for diagnosis of Takotsubo (ampulla) cardiomyopathy.
Circulation Journal 71 (6), 990-2.

6. A 76-year-old man comes to the emergency room
after his wife states that “he has been falling a lot lately”.
He is immediately placed on the cardiac monitor and a
12-lead EKG is obtained, which is shown here.

This EKG represents which of the following?

A. Complete heart block

B. Second degree heart block, Mobitz type IT
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C. Second degree heart block, Mobitz type I (Wencke-
bach)

D. Myocardial infarction

E. First degree heart block

This patient’s symptoms are classically seen in
the various types of heart blocks. A history of
falling, or syncope seems to go along with the
physiology behind heart blocks. The EKG findings
are characterized by progressive prolongation of the
P-R interval on consecutive beats, followed by a
dropped QRS complex, followed then by the P-
R setting, and the cycle repeating, as shown in
the above EKG. Type I second degree AV block
is almost always a disease of the AV node. On
the other hand, Type II second degree AV block
(Mobitz type II) is almost always a disease of the
distal conduction system (Bundle of His). On EKG,
Mobitz type II is characterized by intermittently
non-conducted P waves that do not lengthen or
shorten the P-R interval. Mobitz type II AV block
can progress to complete heart block leading to

sudden cardiac death. First-degree heart block is
characterized by a P-R interval greater than 0.2 s,
which is not seen in this EKG. The EKG findings of
complete heart block, or third-degree heart block,
include no concordance between the P waves and

the QRS complexes. The most definitive treatment
for AV nodal blocks is an implantable pacemaker.

Answer: C

Barold SS, Hayes DL (2001) Second-degree atrioventricu-
lar block: a reappraisal. Mayo Clinical Proceedings 76 (1),
44-57.

Heart Block, Second Degree (2009) http://emedicine
.medscape.com/article/758383-overview (accessed
February 26, 2011).

7. All of the following are true regarding left anterior
fascicular block except:

A. It is the most common intraventricular conduction
defect
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B. It may mimic left ventricular hypertrophy (LVH) in
lead aVL, and mask LVH voltage in leads V5 and V6

C. 1S complexes can be seen in leads II, III, aVF

D. Right axis deviation in the frontal plane (usually
> 100 degrees)

E. Usually see poor R wave progression in leads VI1-V3
and deeper S waves in leads V5 and V6

Left anterior fascicular block is the most com-
mon conduction in general and the most com-
mon conduction delay seen in acute anterior wall
myocardial infarction due to occlusion of the left
anterior descending artery. All of the choices seen
above are EKG characteristics of LAFB except for
choice D. LAFB is classically associated with left
axis deviation in a frontal plane usually —45 to
—90 degrees. There is no specific treatment for the
different types of hemiblocks other than diagnosing
and treatment the underlying cardiac ischemia. The
EKG criteria are as follows:

Left axis deviation (usually —45 to —90 degrees);

rS complexes in leads II, III, aVF;

small g-waves in leads I and/or aVL;

R-peak time in lead aVL >0.04s, often with slurred
R wave downstroke;

QRS duration usually <0.12s unless there is coexisting
RBBB;

poor R wave progression in leads V1-V3 and deeper
S-waves in leads V5 and V6

to note: LAFB may look like LVH in lead aVL, and hide
LVH in leads V% and V6.

Answer: D

Raoof S, George L, Saleh A, Sung A (2009) ACP Manual of
Critical Care, McGraw-Hill, New York.

8. The main difference between hypertensive emer-
gency and hypertensive urgency is:

A. The presence of end-organ damage

B. Hypertensive emergencies always have a higher mean
arterial pressure

C. Hypertensive emergencies are more common in the
elderly, African Americans, and twice as high in men
than women

D. Hypertensive urgency has a higher risk of stroke
E. AandC

The characteristics of both hypertensive emer-
gency and hypertensive urgency are of signifi-
cant elevations in systolic and diastolic pressure.
However, hypertensive emergency is associated
with end organ damage and is more common
in the elderly, African Americans, and men. The
organs most commonly affected are the brain,
heart, eyes and kidneys. The goal of hypertensive
emergency is to reduce the blood pressure fairly
quickly using IV anti-hypertensive medications in
a controlled critical care environment. Although
the goal of hypertensive urgency is relatively the
same, lowering of blood pressure with hyperten-
sive urgency can be done over a longer period
of time.

Answer: E

Marik PE, Varon J (2007) Hypertensive crises: challenges
and management. Chest 131 (6), 1949-62.

9. Two weeks following a myocardial infarction,
64-year-old man is admitted to the trauma service with
multiple rib fractures and a pulmonary contusion. He has
a history of alcohol abuse and has been noncompliant
with his cardiac medications. On examination he had a
pulse of 100 beats/minute, blood pressure 100/70 mm Hyg,
respirations 20/minute, tenderness and bruising along
the right lateral chest wall and no other significant
findings. A 12-lead ECG confirms a recent inferior
myocardial infarction and an echocardiogram is shown
here.

In view of this finding, which of the following is the most
appropriate management for this patient?

A. Confirmatory cardiac catheterization
. Six months of oral anticoagulation
. Pericardiocentesis

. NSAIDs for six weeks

M U o W

. Immediate referral to the cardiac surgical service

The echocardiogram reveals a very large ventric-
ular pseudoaneurysm of the left ventricle
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The outer boundary of the pseudoaneurysm is
marked by vertical lines O and the communication
with the left ventricle by vertical lines 1.

A pseudoaneurysm (false aneurysm) results from
a free wall rupture of the left ventricle, usually
as a result of a previous myocardial infarction.
The rupture is contained by overlying pericardium
and lacks any organized cardiac structures, unlike
a true ventricular aneurysm. The occurrence of
free-wall rupture is less than 1%; however the
mortality is significant and one-half of the ruptures
will result in out-of-hospital sudden deaths. Diag-
nosis is usually made within six months of infarc-
tion. Surgical intervention for large or expand-
ing pseudoaneurysm is recommended when the
diagnosis is made. Contrast ventriculography is
diagnostic in only 54% of patients versus 97%
for 2D echocardiography, therefore answer A is
redundant. Pericardiocentesis would be ill advised
and NSAIDs possibly increase the chance of free
rupture. Although Coumadin is of value in circum-
stances of left-ventricular clot in the setting of a
true left-ventricular aneurysm, it is contraindicated
in this setting.

Answer: E
Atik FA, Lytle BW (2007) Surgical Treatment of Post

Infarction Left Ventricular Pseudoaneurysm. The Annals
of Thoracic Surgery 83, 526-531.

Armstrong WF, Ryan T (2010) Feigenbaum's Echocardiog-
raphy. Lippincott Williams & Wilkins: Philadelphia.

Cohn LH, Edmunds LH (2003) Cardiac Surgery in the Adult.
The McGraw-Hill Companies: New York.

Califf R, Roe M (2010) Acute Coronary Syndrome Essentials.
Jones & Bartlett Learning.

Frances C, Romero A, Grady D (1998) Left Ventricular
Pseudoaneurysm. J Am College Cardiology 32, 557-561.
Reardon MJ, Carr CL, Diamond A, et al. (1997) Ischemic
Left Ventricular Free Wall Rupture: prediction, diag-
nosis and treatment. Ann Thoracic Surgery 64, 1509—

1513.

10. A 39-year-old obese man presents to the emergency
room the evening prior to elective hernia surgery with
several hours of sudden onset chest pain and shortness
of breath. He admits to being anxious concerning the
morning surgery. His medications include albuterol, and
Lipitor. His pulse is reqular and he has a blood pressure of
165/89 mm Hg respiratory rate is 22/minute. He is sitting
at the edge of the examining table and states he finds it
“easier to breath and feels better” in that position. His
electrocardiogram is shown.

Which of the following options for the care of this patient
would be least indicated on the basis of his electrocardio-
gram and clinical findings?

A. Cardiac catheterization

B. Echocardiogram
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C. Albuterol
D. Thrombolytics
E. 650 mg of ASA

The 12 lead reveals ST elevation and diffuse J-
point elevation throughout the electrocardiogram
(solid arrows) with no localization to coronary
artery distribution. There is atrial segment elevation
in leads aVR (hollow arrows).

12-lead ECG with arrows showing pericarditis

Diffuse ST segment elevation and PR segment
elevation in lead aVR strongly support the diagnosis
of acute pericarditis. It is important to discern acute
pericarditis from an acute myocardial injury. An
echocardiogram, in the absence of a prior myocar-
dial infarction, demonstrates normal LV function
without wall motion abnormality. An echocardio-
gram would be appropriate to demonstrate the
presence or absence of a pericardial effusion which
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occurs in up to 30% of patients with acute peri-
carditis. D would be inappropriate due to the poten-
tial of significant morbidity and potentially mortal-
ity due to a hemorrhagic pericardial effusion and
possible cardiac tamponade that could develop in
the setting of thrombolytics given in a patient with
acute pericarditis. The most recent published acute
coronary syndrome guidelines suggest ASA as the
primary therapeutic modality. Indomethacin and
corticosteroids have been relegated to refractory
cases due to concerns regarding increased coronary
vascular resistance, and increased risk of myocar-
dial rupture in the setting of a healing previously
unrecognized myocardial infarction. Improvement
in chest pain is classic on sitting up and leaning
forward in acute pericarditis.

Answer: D

Bermon J, Haffajee CI, Alpert JS (1981) Therapy
of Symptomatic pericarditis after myocardial infarc-
tion: retrospective and prospective studies of aspirin,
indomethacin, prednisone, and spontaneous resolu-
tion. Am Heart J 101, 750-753.

Gabrielli A, Layon, AJ, Yu M (2009) Civetta, Taylor, ¢
Kirby’s Critical Care. Lippincott Williams and Wilkins:
Philadelphia.

Parillo JE, Dellinger RD (2008) Critical Care Medicine Prin-
ciples of Diagnosis and Management in the Adult. Mosby:
Philadelphia.

Califf R, Roe M (2010) Acute Coronary Syndrome Essentials.
Jones & Bartlett Learning.

11. 4 72-year-old woman is admitted with nausea
and vomiting and a small bowel ileus. She is hypokalemic
and mildly hypomagnesemic. Her initial electrocardio-
gram in the emergency room just prior to tramsfer is
illustrated below.

Two hours later she complains of retrosternal chest pain
relieved by sublingual nitroglycerin. Her daughter states
that her mother had been complaining of palpitations for
the past three days and has had “heart failure” in the
past. Physical examination: heart rate 91 beats/minute
and irregular, blood pressure 117/75 mm Hg,
respiratory rate 20 breaths/minute, and oxygen
saturation of 95% on face mask. Which would be most
appropriate?

A. Synchronized monophasic cardioversion

B. Intravenous amiodarone and anticoagulation

C. Intravenous ibutilide
D. Intravenous beta blocker and diltiazem

E. Carotid massage

The 12 lead demonstrates in lead V1 regu-
lar atrial activity at a rate of 275 per minute.
The discrete atrial waves represent atrial flutter
(solid arrows). Ventricular conduction occurs at a
3:1 ratio with one QRS per three flutter waves.
This finding is unusual because the conduction
ratio is usually a fixed even number, 2:1 or 4:1.
Atrial flutter with 1:1 conduction often conducts
aberrantly with a wide QRS tachycardia that can
be mistaken for ventricular tachycardia. Typical
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atrial flutter has atrial undulations at a rate of
240-340 a minute. Classically there is flutter mor-
phology with inverted flutter waves lacking an
isoelectric base in leads I, II, and aVF with small,
positive deflections with a distinct isoelectric base-
line in lead V1 as demonstrated in this case. The
ECG illustrated demonstrates the baseline artifact
in the inferior leads. There are also non-specific ST-
T changes (hollow arrows).

This patient is hemodynamically stable and by
history has probably been in flutter for at least
72 h prior to admission. Cardioversion should not
be performed in patients with a history of atrial
flutter greater than 48 h without performing a
echocardiogram to rule out the existence of left
atrial thrombus with the potential for thromboem-
bolic events. Thrombus may be present in 10%
to 34% of patients with atrial flutter after 72 h.
Anticoagulation should be initiated for three weeks
prior to attempted cardioversion in a relatively
stable patient and echocardiography performed.
Amiodarone can be used in the setting of ischemic
episodes and systolic dysfunction. Although ibu-
tilide has been used in the conversion of atrial
flutter, it is recommended that it be avoided in the
setting of acute coronary syndromes and electrolyte
disturbances such as hypokalemia and decreased
serum magnesium, as seen in this patient’s history,
due to a higher propensity to develop torsades.
Beta-blockers are recommended for rate control
in atrial flutter, but in conjunction with diltiazem
can lead to marked bradycardia and heart block.
Carotid massage can unmask flutter waves and

help confirm the diagnosis of atrial flutter with
2:1 AV block, but does not convert the arrhyth-
mia; the original ventricular rate resumes upon
discontinuation. Therefore of the options listed, the
combination of anticoagulation and amiodarone
would be the most acceptable under this scenario.

Answer: B

Sidebotham D, Mckee A, Gillhman M, Levy JH (2007)
Cardio Thoracic Critical Care. Butterworth Heinemann:
Philadelphia.

Field J, Gonzales L, Hazinski M (2010) Advanced Cardiac
Life Support Manual. American Heart Association.

Parillo JE, Dellinger RD (2008) Critical Care Medicine Prin-
ciples of Diagnosis and Management in the Adult. Mosby:
Philadelphia.

Gabrielli A, Layon AJ, Yu M (2009) Civetta, Taylor ¢
Kirby’s Critical Care. Lippincott Williams and Wilkins:
Philadelphia.

Armstrong WF, Ryan T (2010) Feigenbaum's Echocardiog-
raphy. Lippincott Williams & Wilkins: Philadelphia.

12. One week after colonoscopy, a 65-year-old man
complains of increasing fatigue and shortness of breath.
Examination reveals BP 110/70 mm Hg, HR 105
beats/minute, marked crackles at both lung bases, and
a systolic murmur 4/6 at the base of the heart. An elec-
trocardiogram reveals evidence of recent inferior myocar-
dial infarction. Chest x-ray reveals bilateral pulmonary
edema. An echocardiogram is shown.

Which of the following statements is true in regards to the
myocardial complication illustrated?
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A. The anterolateral papillary muscle is more likely to
rupture do to its blood supply

B. Fifty percent of patients have a step up in oxygen
content between the right atrium and right ventricle

C. The severity of mitral regurgitation following of acute
myocardial infarction is an independent predictor of
survival

D. Intra aortic balloon pump utilization is contraindi-
cated due to the risk of significant left ventricular
overload

E. Papillary muscle rupture most commonly occurs in the
first 24 hours of a significant myocardial infarction

Rupture of the posteromedial papillary muscle
represents the majority of the papillary muscle
ruptures as it is solely supplied by the posterior
descending branch of the right coronary artery. The
anterolateral papillary muscle is less likely to rup-
ture having a dual supply from both the diagonal
branches of the left anterior descending and cir-
cumflex marginal artery branches. In this particular
clinical scenario a myocardial infarction was precip-
itated by the stress of colonoscopy. Papillary muscle
rupture should be considered in the differential
diagnosis when pulmonary edema develops two to
nine days post infarction coinciding with the necro-
sis of the papillary head. On physical examination,
a new apical systolic murmur may be present,
audible at the base of the heart, ending prior to
S2. A palpable thrill is uncommon. Pulmonary
artery catheterization will reveal the presence of
a regurgitant left atrial V wave with no evidence
of a step up in oxygenation in the right atrium
or right ventricle. The echocardiogram reveals pro-
lapse of the posterior mitral leaflet into the left

ventricle (the arrow is pointing to the vague outline
of the ruptured head of the papillary muscle).
There is a significant correlation between mortality
and increasing severity of mitral regurgitation on
echocardiography in the setting of acute infarction.
The acute mitral regurgitation results in a sudden
volume overload of the left ventricle. Left ventric-
ular dilation does not have time to develop result-
ing in abrupt rises in left ventricular end-diastolic
and left atrial pressure; subsequently pulmonary
hypertension, pulmonary edema, acute right ven-
tricular dysfunction followed by cardiogenic shock.
Definitive treatment is expedient surgery, how-
ever stabilization requires vasodilating drugs and
intra-aortic balloon counter pulsation to promote
forward flow.

Answer: C

Cohn LH, Edmunds LH (2003) Cardiac Surgery in the Adult.
The McGraw-Hill Companies: New York.

Parillo JE, Dellinger RD (2008) Critical Care Medicine Prin-
ciples of Diagnosis and Management in the Adult. Mosby:
Philadelphia.

Gabelli A, Layon AJ, Yu M (2009) Civetta, Taylor € Kirby's
Critical Care. Lippincott Williams and Wilkins: Philadel-
phia.

Antonio Rosso, et al. (2008) Clinical Outcome after Sur-
gical Correction of Mitral Regurgitation due to Papillary
Muscle Rupture. Circulation 118, 1528-1534.

Thompson CR, Buller CE, Sleeper, LA, et al. (2000) Car-
diogenic Shock due to acute severe mitral regurgitation
complicating acute myocardial infarction: a report from
the SHOCK Trial Registry. J A College of Cardiology 36 (3)
(supplement I), 1104-1109.

Tcheng JE, Jacman JD, Nelson CI, et al. (1992) Outcome of
Patients Substaining Acute Ischemic Mitral Regurgita-
tion during Myocardial Infarction. Ann Internal Medicine
117, 18-24.

Hochman JS, Buller CE, Sleeper, ef al. (2000) Cardiogenic
Shock Complicating Acute Myocardial Infarction: eti-
ologies, management and outcomes: overall findings of
the SHOCK Trial Registry. J Am College of Cardiology 36,
1063-1070.

Califf R, Roe M (2010) Acute Coronary Syndrome Essentials.
Jones and Bartlett Learning.

13. A 67-year-old man with dementia and severe
pancreatitis required chemical restraint to undergo an
abdominal CT. On examination he is sedated with
a HR 100 beats/minute, BP110/70 mm Hg, and
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RR 17 breaths/minute. His ionized calcium is 3.2 mg/dl
and his serum phosphorus 2.0 mg/dl. His electrocardio-
gram is illustrated above.

Two days post admission he becomes profoundly hyper-
tensive and the following rhythm strip is generated.

i 1
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The patient is immediately cardioverted with a return to
his baseline rhythm on his monitor and demonstrates a
return of his blood pressure to 110/70 mm Hyg. Following
cardioversion, which agent should be given next?

A. 1V amiodarone
B. 1V lidocaine
C. IV ibutilide
D. IV B blocker
E

. 1V magnesium

e e
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The rhythm strip reveals polymorphic ventricu-
lar tachycardia consistent with torsades de pointes.
The patient was at high risk of developing tor-
sades on the basis of his history and sinus tachy-
cardia on admission. The EKG also revealed a

it
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prolonged QT interval where the QT interval is
greater than 50% of the R to R interval in lead II.

Polymorphic ventricular tachycardia is poorly
tolerated and may degenerate into ventricular fib-
rillation. In addition to immediate cardioversion,
intravenous magnesium (dose of 1-2 gm) should
be given over one to two minutes, as well as
correction of any underlying electrolyte abnormal-
ity. Ibutilide and amiodarone are contraindicated
as they worsen QT prolongation. Lidocaine and
B-blockers are ineffective.
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12 lead ECG with solid arrows showing prolonged QT interval

Answer: E

Sidebotham D, Mckee A, Gillham M, Levy JH (2007)
Cardiothoracic Critical Care. Butterworth Heinemann:
Philadelphia.

Parillo JE, Dellinger RD (2008) Critical Care Medicine: Prin-
ciples of Diagnosis and Management in the Adult. Mosby:
Philadelphia.

Gabelli A, Layon AJ, Yu M (2009) Civetta, Taylor € Kirby's
Critical Care. Lippincott Williams and Wilkins: Philadel-
phia.

Aggerwal R, Prakash O, Medii B (2006) Drug Induced
Torsades de Pointes. Journal of Medical Education and
Research 8 (4), 185-189.

14. 4 58-year-old man develops chest pain on the
third postoperative day following emergent sigmoid colon
resection for perforated diverticulitis. He has repeated
episodes of emesis. The patient becomes progressively
more hypotensive, and on examination, a positive Kuss-
maul’s sign. An initial electrocardiogram is performed as
illustrated.

A Swan-Ganz catheter is inserted and the ratio of
right atrial pressure to wedge pressure is less than
0.8. A selective right-sided chest lead ECG is carried
out as illustrated in the following ECG a few hours
later.
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Right-sided chest ECG

Which of the following statements regarding this condi-
tion is most correct?

A. Patients with this type of myocardial infarction com-
plication are older

. Hospital mortality is 25 % with defibrillation
. More commonly associated with multi-vessel disease

. Bezold-Jarisch reflex is associated with reperfusion

M O o W

. The patient should undergo diuresis to relieve his
volume overload

This patient has a significant right-ventricular
infarction. Right-ventricular infarct occurs in 30%
of inferior infarcts and 10% of anterior infarcts.

12 lead ECG with arrows inferior MI

The initial 12 lead reveals ST segment elevation
and T wave inversion in the inferior leads (solid
arrows). There is 1 mm of ST segment elevation
in lead V1 (hollow arrows). There is also lateral
ST segment depression. These findings represent
a concomitant acute right ventricular infarction.
Verification can be obtained by performing a right-
sided tracing. It is important to assess leads V1-2
for ST segment elevation and R wave prominence,
which may reflect a right-ventricular or posterior
myocardial infarction.

The right-sided ECG in the following figure
reveals inferior Q wave formation (solid arrows)
and ST elevation (hollow arrows), which are
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indicative of an acute inferior myocardial infarc-
tion. ST elevation is present in leads V2-6R, con-
sistent with an acute right-ventricular infarction.

RT sided chest lead ECG

Right ventricular infarction is suggested by
the presence of Kussmaul’s sign (jugular venous
distention on inspiration), in the presence of
hypotension with inferior myocardial infarctions.
Pulmonary artery catheterization reveals that the
right atrial pressure exceeds 10 mmHg and the
ratio of right atrial pressure to wedge pressure is
less than 0.8. Treatment requires early reperfusion
by mechanical or thrombolytic means. The Bezold-
Jarisch reflex is a sudden bradycardia associated
with hypotension, seen following opening of an
occluded right coronary artery and is a sympatho-
inhibitory reflex. Maintenance of RV preload is
important with aggressive volume expansion and
nitrates and diuretics should be avoided.

Answer: D

Gabelli A, Layon AJ, Yu M (2009) Civetta, Taylor € Kirby's
Critical Care. Lippincott Williams and Wilkins: Philadel-
phia.

Jacobs A, Leopold J, Bates E, et al. (2003) Cardiogenic
Shock caused by RT Ventricular Infarction: A report
from the SHOCK Registry. J Am College of Cardiology 41,
1273-1279.

Lim ST, Goldstien JA (2001) RT Ventricular Infarction.
Current Treatment options in Cardiovascular Medicine 3,
95-101.

Lim ST, Goldstien JA (2001) RT Ventricular Infarction.
Current Treatment options in Cardiovascular Medicine 3, 95—
101.

Robalino BD, Whitlow PL, Underwood PA, et al. (1989)
Electrocardiographic manifestations of RT Ventricular
Infarction. Am Heart J 118, 138-144.

Haj, SA, Movahed, A (2000) Right Ventricular Infarction-
diagnosis and treatment. Clinical Cardiology 23, 473-482.

15. Which of the following statements regarding fib-
rinolytic therapy in acute coronary syndromes is false?
Thrombolytics:

A. Obtain acute patency rates of 50-60%

B. Are indicated in patients with LBBB presenting
within 12 hours of symptoms

C. Are contraindicated in patients with ischemic stroke
within 3 months

D. Are relatively contraindicated in severe uncontrolled
hypertension on presentation (systolic BP >220 mm
Hy or diastolic BP >100 mm Hg)

E. Have an associated risk of intracranial hemorrhage of
0.5t 1.5%
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The limitations of fibrinolytic therapy include
acute patency rates of infarct vessels of only 50 to
60%. The incidence of intracranial hemorrhage is
0.5% to 1.5%. The indications for use include: MI
with ST-segment elevation or LBBB who present
within 12 hours of onset.

Absolute contraindications include:
e Any prior intracranial hemorrhage, trauma,
lesion, or neoplasm
e Prior ischemic stroke within 3 months
e Active bleeding

A relative contraindication is uncontrolled hy-
pertension on presentation (systolic BP >180 mm
Hg or diastolic BP >110 mm Hg)

Answer: D

Antman EA, Anbe TO, Armstrong PW, et al. (2004)
ACC/AHA Guidelines for Management of Patients with
StElevation Myocardial Infarctions. J Am College of Col-
lege of Cardiology 44, 671-719.

Parillo JE, Dellinger RD (2008) Critical Care Medicine: Prin-
ciples of Diagnosis and Management in the Adult. Mosby:
Philadelphia.

Califf R, Roe M (2010) Acute Coronary Syndrome Essentials.
Jones and Bartlett Learning.

16. Which of the following statements concerning the
utilization of coronary artery bypass for acute coronary
syndrome is false?

A. Perioperative mortality for elective CABG three to
seven days after acute MI is not increased

B. Clopidogrel should be discontinued at least ten days
prior to CABG

C. Diabetics with multivessel disease and prior PTCA
have better outcomes with CABG versus repeat PTCA

D. CABG following fibrinolytic therapy leads to reopera-
tion for bleeding in 4%

E. Mortality rates for emergent CABG following failed
fibrinolytic therapy is 15 %

Plavix should be held for five to seven days
prior to CABG to minimize the risk of perioper-
ative bleeding. CABG for patients with preserved
LV function who require revascularization can be
safely performed within a few days of a STEMI. The
other statements are all true.

Answer: B

The BARI (Bypass Angioplasty Revasculization Investi-
gation) Investigators (2000) Seven Year Outcome by
Treatment. J Am College of Cardiology 35, 1122—-1129.

Califf R, Roe M (2010) Acute Coronary Syndrome Essentials.
Jones and Bartlett Learning.

Parillo IE, Dellinger RD (2008) Critical Care Medicine: Pir-
inciples of Diagnosis and Management in the Adult. Mosby:
Philadelphia.

17. A 73-year-old man undergoes a right hemicolec-
tomy. He has a history of hypertension and hyperlipi-
demia. Forty-eight hours after the procedure, he com-
plains of epigastric discomfort. An electrocardiogram is
performed and is illustrated below.
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He is treated conservatively but seventy-two hours later is
noted to have a new pan-systolic murmur and a palpable
thrill along the left sternal border. An echocardiogram is
performed as illustrated below.

Of the following statements concerning the clinical sce-
nario depicted above, which is correct?

A. Most commonly occurs with inferior-posterior myocar-
dial infarctions

B. If pulmonary artery catheterization were performed
you would expect a prominent v-wave in the pul-
monary capillary wedge pressure tracing

C. This complication is found in 5% to 6% of acute
myocardial infarctions

D. The expected mortality would be 40 % to 60 % with me-
dical therapy, and is equivalent to surgical
intervention at one year

E. Survival is worse with inferior posterior infarctions
compared to anterior infarctions

The patient has a postmyocardial infarction VSD,
which complicates 0.5 to 2% of acute myocardial
infarctions, occurring two to five days following
the event. Patients are older with multi-vessel
disease. Rupture of the interventricular septum is
more common with anterior myocardial infarctions
because the septum is supplied by the septal per-
forating branches of the left anterior descending
artery. Evidence of the septal necrosis is heralded
by a pan-systolic murmur at left sternal border indi-
cating a significant VSD. Diagnosis is confirmed by
two-dimensional echocardiography combined with
Doppler flow studies. The echocardiogram illus-
trated in the figure demonstrates an inferior septal
defect with thinning of portions of the necrotic sep-
tal wall (arrows). Pulmonary artery catheterization
with oximetry demonstrates a greater than 5 to 7%
step-up in oxygenation between the right atrium
and ventricle. There is an absence of V waves
in the pulmonary artery wedge pressure tracing,
which differentiate a ventricular septal defect from
a papillary muscle rupture. VSD is the cause of
death in 5% of all fatal myocardial infarctions. The
SHOCK study revealed that twenty-five percent of
patients die in the first 24 hours and 50% at one
week with a 90% in-hospital mortality rate when
there is associated cardiogenic shock. The survival
for inferior-posterior or right ventricular associated
ventricular septal defects is worse than for those
with anterior myocardial infarctions.

High Risk Intermediate Risk

Low Risk

At least one feature must be
present:

e Prolonged (>20 min) ongoing

rest pain

e Angina at rest with dynamic
ST-depression >0.5 mm or new
bundle branch block

e Angina with new or worsening
MR murmur

e Angina with new or worsening
rales, or pulmonary edema

No high-risk features but must have
one of the following:
e Prolonged (>20 min) rest angina,

now resolved, with moderate or high

likelihood of coronary heart disease

e Rest angina (<20 min) relieved with

rest or sublingual nitroglycerin

e Angina with dynamic T-wave changes

>2.0mm or abnormal O-waves
e Angina use hospitalization

No high- or intermediate-risk features
but may have any of the following:

e New-onset angina or progressive CCS

class llI-IV angina without prolonged

(>20 min) chest pain but with moderate

or high likelihood of coronary heart

disease
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High Risk

Intermediate Risk

Low Risk

e Angina with hypotension,
bradycardia, or tachycardia
e Age >75 years

e Prior Ml or CABG

e Normal or unchanged ECG during
chest discomfort

e Peripheral vascular disease or

cerebrovascular disease

o Elevated cardiac troponins
(>0.1 ng/mL)

e Sustained ventricular tachycardia e Age >70 years

o Slightly elevated cardiac troponins
(>0.01 ng/mL but <0.1 ng/mL)

e Cardiac markers not elevated

Answer: E

Gabelli A, Layon AJ, Yu M (2009) Civetta, Taylor € Kirby's
Critical Care. Lippincott, Williams and Wilkins: Philidel-
phia.

Armstrong WF, Ryann T (2010) Feigenbaum's Echocardiog-
raphy. Williams & Wilkins: Lipipncott.

Topaz O, Taylor AL (1992) Interventricular Septal rupture
complicating acute myocardial infarction: from path
physiologic features to the role of invasive and non
invasive diagnostic modalities in current management.
Am J Med 93, 683-688.

Blanche C, Khan SS, Choux A, Metloff JM (1994) Post
Infarction Ventricular Septal Defect in the elderly: anal-
ysis and results. Ann Thoracic Surg 57, 91-98.

Levey R et al. Prognosis in Rupture of Ventricular infarct
and the role of early Surgical Intervention. Am J.

18. All of the following represent features associated
with non-ST elevated-acute coronary syndromes with
high risk for short-term death or non-fatal myocardial
infarction except:

A. Age greater than 75

B. Angina with elevated T waves greater than 2.0 mm or
abnormal Q-waves

C. Angina with new or worsening mitral requrgitation
D. Sustained ventricular tachycardia

E. Prolonged (>20 min) ongoing chest pain

The updated ACC/AHA guidelines recommend
risk-category classification for NSTE-ACS patients
to serve as a basis for initial management decisions.
Recommendations range from immediate angiog-
raphy, GP IIb/Illa inhibitors, or PCI for high-risk
patients to outpatient management for low-risk
patient. These are based on the risk for short-
term death or nonfatal myocardial infarctions. Risk
prediction scores use determinants of low, interme-

diate and high risk as illustrated in the following
table.

Answer: B

Anderson JL, et al (2007) ACC/AHA Guidelines for the
Management of Patients with Unstable Anginainon-st
Elevation Myocardial Infarction. J Am College Cardiology
50, 5652-726.

Wright SR, et al (2011) ACCF/AHA Focused Update
Incorporated into the ACC/AHA 2007 Guidelines for
Management of Patients with UnstablelNon St Ele-
vated Myocardial Infarction. J Am College Cardiology 57,
215-367.

Califf R, Roe M (2010) Acute Coronary Syndrome Essentials.
Jones and Bartlett Learning.

19. A 69-year-old man on postoperative day 3 follow-
ing a small bowel resection for ischemia, demonstrates ST
changes on a routine electrocardiogram. The patient has
not voiced complaints and cardiac enzymes are drawn.
That evening the patient suddenly demonstrates the fol-
lowing rhythm after being found unresponsive.
The blood pressure is 50/20 mm Hg and no pulse is
detected. Cardioversion is immediately attempted without
success and repeated cycles of CPR and epinephrine is
alternated with vasopressin followed by repeat cardiover-
sion. The rhythm remains unchanged.

What would be the next most appropriate management
step in this setting?

A. IV procainamide

B. IV magnesium

C. IV lidocaine

D. IV amiodarone

E. IV bretylium tosylate

Ventricular fibrillation (VF) occurs within the
first four hours following a MI in 4% of patients. VF
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can usually be cardioverted within the first minute
but is less than 25% successful when initiated
after 4 minutes. Current ACLS guidelines for wit-
nessed arrest recommend immediate unsynchro-
nized defibrillation at 200 J monophasic followed
by resumption of CPR for 2 minutes or five cycles.
Epinephrine 1 mg IV push every 3 to 5 minutes or
vasopressin 40 U IV once, for persistent VF. After
five cycles of CPR, if the patient persists in VF,
another shock should be delivered. If VF persists,
amiodarone (300 mg or 5 mg/kg, IV bolus) should
be given. Procainamide is an option for intermittent
or recurrent VF but is not recommended acutely
due to its long administration time. Magnesium
(1-2 gm IV bolus over 5 min) would be recom-
mended for torsades de pointes. Lidocaine has no
short-term or long-term efficacy in cardiac arrest
while amiodarone has demonstrated increased sur-
vival to hospital admission compared to lidocaine.
Bretylium tosylate is no longer recommended for
use in cardiac arrest.

Answer: D

Gabelli A. Layon AJ, YU M (2009) Civetta, Taylor € Kirby's
Critical Care. Lippincott, Williams and Wilkins: Philadel-
phia.

Sidenbotham D, Mckee A, Gillham M, Levy JH (2007)
Cardio Thoracic Critical Care. Butterworth Heinemann:
Philadelphia.

Field J, Gonzales L, Hazinski M (2010) Advanced Cardiac
Life Support. American Heart Association.

20. From the list of hemodynamic findings below,
match the post-myocardial infarction complication:

A. Increased RAP; RAP/PCWP ratio>0.8; decreased CO

B. Decreased BP; decreased CO;
increased SVR

increased PCWP;

C. Increased PCWP (prominent V-wave may be seen); CO
decreased

D. Decreased BP; paradoxical pulse; RAP approximates
PCWP; decreased CO; prominent X descent on CVP

E. Oxygen step-up from RA to RV/PA. Increased left-to-
right shunting with increased pulmonary blood flow
results in falsely elevated CO

1 Acute mitral requrgitation

2 Cardiac tamponade

3 Acute ventricular septal defect
4 Right ventricular infarct

5 Cardiogenic shock

As per the discussions listed in the answer sec-
tions for questions 9, 12, 14, 17 it is important to
recognize the hemodynamic variations that exist
between the different surgical complications asso-
ciated with acute myocardial infarctions do to the
variation required in their management.

Answer:1.C,2.D., 3.E.,4.A.,5.B

Gabelli A, Layon AJ, Yu M (2009) Civetta, Taylor &
Kirby's Critical Care. Lippincott, Butterworth Heine-
mann: Philadelphia.

Sidenbotham D, Mckee A, Gillham M, Levy JH (2007)
Cardio Thoracic Critical Care. Butterworth Heinemann:
Philadelphia.

Parrillo JE, Dellinger RP (2008) Critical Care Medicine: Prin-
ciples of Diagnosis and Management in the Adult. Mosby:
Philadelphia.



Chapter 4 Sepsis and the
Inflammatory Response to Injury

Juan C. Duchesne, MD, FACS, FCCP and Marquinn D. Duke, MD

1. Which of the following treatments has been shown
in a large randomized, multicenter trial to reduce mortal-
ity in patients with septic shock?

A. Intravenous (IV) immunoglobulin
IV hydrocortisone
IV Pentastarch

Renal Replacement Therapy (RRT)

S o w

Drotrecogin alfa (activated)

Recombinant human activated protein C, or
drotrecogin alfa (activated), is the only FDA-
approved treatment for reducing mortality in
patients with severe sepsis and a high risk of death.
In a large, randomized, placebo controlled trial
of patients with severe sepsis (PROWESS trial),
drotrecogin alfa administered as a continuous IV
infusion at 24 pg/kg/h for 96 hours resulted in a
19.4% relative risk reduction in the risk of death.
This survival benefit was even more pronounced
in patients with more than one organ dysfunction
or APACHE 1I score of 24 or greater. The other
choices have shown anecdotal evidence of efficacy,
but have not shown statistically significant benefit
in randomized trials.

Answer: E

Bernard GR, Vincent JL, Laterre PF, et al. (2001) Recom-
binant human protein C Worldwide Evaluation in
Severe Sepsis (Prowess) Study Group. Efficacy and
safety of recombinant human activated protein C for
severe sepsis. New England Journal of Medicine 344, 699—
709.
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2. A 67-year-old man with a history of chronic
obstructive pulmonary disease (COPD), hypertension,
and chronic renal failure is admitted to the ICU with
community-acquired pneumonia. His treatment includes
broad-spectrum antibiotics, corticosteroids, and inhaled
B2 stimulants. Due to a severe ileus and gastric intol-
erance, total parenteral nutrition is commenced. The
patient’s temperature normalizes after the third day in
ICU, and his oxygenation improves. However, on the
ninth hospital day he develops a fever with an increase
in the peripheral leukocyte count. Antibiotics are stopped
and blood, urine, and sputum cultures are performed.
Candida krusei is isolated from a single blood culture, and
60000 CFU/mL of C. krusei is isolated from the urine.
Which of the following is the most appropriate next step
in the management of this patient?

A. Remove, culture, and replace all vascular catheters

B. Remove, culture, and replace all vascular catheters
and begin intravenous (IV) fluconazole

C. Remove, culture, and replace all vascular catheters
and begin an echinocandin

D. Remove, culture, and replace all vascular catheters;
replace urinary catheter; and begin amphotericin
bladder irrigations

E. Repeat the blood and urine cultures and observe the
patient

The risk factors for Candida intravascular infec-
tion include use of broad-spectrum antibiotics,
total parenteral nutrition, and immunosuppres-
sive therapy. A single positive blood culture is
highly predictive of systemic Candida infection,
so it should never be considered a contaminant.
The initial treatment of Candida infections includes
removal of all possible foci of infection, including
removal of intravascular lines. Candidemia may
resolve spontaneously after removal of intravas-
cular catheters. However, evidence increasingly

41
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suggests that metastatic foci of infection may
develop in some patients even after catheter
removal and may manifest as endophthalmitis,
endocarditis, arthritis, or meningitis. Therefore, all
critically ill patients with candidemia should be
regarded as having a systemic infection and should
be treated accordingly. Fluconazole and ampho-
tericin demonstrate similar effectiveness in treat-
ing candidemia in patients without neutropenia
and without major immunodeficiency. However,
both in vitro and clinical data have demonstrated
C. krusei to be intrinsically resistant to fluconazole.
Prolonged bladder catheterization in the critically
ill patient is often accompanied by the appearance
of candiduria. Candiduria usually reflects catheter
colonization; however, rarely, Candida species may
cause cystitis and/or retrograde renal parenchymal
infection. The management of asymptomatic can-
diduria in the catheterized patient, in whom no
suspicion of renal candidiasis or renal obstruction
exists, requires change of the indwelling catheter
only, followed by observation. No data suggest that
amphotericin B bladder irrigations prevent infec-
tions in colonized patients. Echinocandins can also
be used to treat C. Krusei. It covers a broad range
and can be used against Candida. It cannot be used
in pregnancy and needs adjustment in liver disease.
Its efficacy is equal to amphotericin B but it has
fewer side effects.

Answer: C

Denning DW (2003) Echinocandin drugs. Lancet 362
(9390), 1142-51.

3. All of the following are components of early goal-
directed therapy (EGDT) in patients with severe sep-
sis/septic shock except

A. IV fluid resuscitation targeting CVP 8 to 12 cm H,0

B. IV wvasodilator infusion to maintain MAP <
90 mm Hg

C. IV vasopressor infusion to maintain MAP >
65 mm Hg

D. Transfusion of packed RBCs to achieve hematocrit >
35% if venous oxygen saturation (Svo2) < 70%

E. Placement of a central venous line able to continuously
monitor Svo2

Therapy targeting a specific blood pressure and
oxygen delivery has been tried unsuccessfully in
many critical care diseases. However, goal-directed
therapy, directed by continuous measurement of
central Svo2, has been shown to reduce mortality
of patients with severe sepsis when initiated early
in their hospital course. The initiation and con-
tinuation of EGDT in the ED for 6 hours resulted
in a 16% absolute and 34% relative reduction in
hospital mortality (46.5% versus 30.5%) as com-
pared with standard care. EGDT patients received
protocolized care consisting of the following: (1)
placement of a central venous line able to contin-
uously monitor Svo2; (2) IV volume resuscitation
using crystalloids or colloids to achieve a CVP of
8 to 12cmH,0; and (3) initiation of vasopressor
agents to maintain MAP greater than 65 mm Hg
or vasodilator agents to maintain MAP less than
90 mm Hg. Once the patient reached a CVP of 8 to
12cm H,0 and MAP of 65 to 90 mm Hg, care was
directed using Svo2. Patients with Svo2 less than
70% were transfused with packed RBCs to achieve
hematocrit values above 30%. If the hematocrit
was above 30% but the Svo2 remained below 70%,
dobutamine infusion was initiated.

Answer: D

Rivers E, Nguyen B, Havstad S, et al. (2001) Early
Goal-Directed Therapy Collaborative Group. Early goal-
directed therapy in the treatment of severe sepsis
and septic shock. New England Journal of Medicine 345,
1368-77.

4. Which of the following is true of vasopressin in septic
shock?

A. Continuous infusion at low doses improves 28-day
overall mortality

B. Continuous infusion at low doses improves mortality
in patients with severe septic shock

C. Continuous infusion at low doses increases cardiac
output

D. Continuous infusion at low doses reduces the cate-
cholamine infusion requirement

E. Is the first line vasopressor for septic shock



Vasopressin is a peptide synthesized in the hypo-
thalamus and released from the posterior pitu-
itary. Vasopressin produces a wide range of
physiologic effects, including blood-pressure main-
tenance. Acting through vascular V1-receptors, the
endogenous hormone directly induces vasocon-
striction in hypotensive patients but does not signif-
icantly alter vascular smooth muscle constriction in
humans with normal blood pressure. Landry and
colleagues demonstrated that patients with septic
shock had inappropriately low levels of serum
vasopressin compared with patients with cardio-
genic shock, who had normal or elevated levels.
In addition, they demonstrated that supplementing
a low-dose infusion of vasopressin in septic shock
patients allowed for the reduction or removal of the
other catecholamine vasopressors. This was seen
despite a reduction in cardiac output. Although
these results were duplicated in subsequent stud-
ies, none evaluated outcomes such as length of
stay or mortality until recently. A randomized
double-blind study comparing vasopressin versus
norepinephrine for the treatment of septic shock
demonstrated no difference in 28-day mortality
between the two treatment groups. Subgroup anal-
ysis of patients with severe septic shock, defined as
requiring 15 pg/min of norepinephrine or its equiv-
alent, also did not demonstrate a mortality benefit.
However, patients with less severe septic shock
(requiring 5-15 pg/min of norepinephrine) experi-
enced a trend toward lower mortality when treated
with low-dose (0.01-0.03 U/min) vasopressin.

Answer: D

Gordon AC, Hébert PC, Cooper DJ, et al. (2008) Vaso-
pressin versus norepinephrine infusion in patients with
septic shock. New England Journal of Medicine 358,
877-87.

Landry DW, Levin HR, Gallant EM, et al. (1997) Vaso-
pressin deficiency contributes to the vasodilation of
septic shock. Circulation 95, 1122-5.

5. All of the following are principles of antibiotic pro-
phylaxis to prevent surgical site infection except:

A. Administer intravenous (IV) antibiotics within one
hour of incision time
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B. Select an antibiotic with a spectrum of activity against
pathogens likely to be encountered during surgery

C. Discontinue antibiotics 48 hours postoperatively

D. Intraoperatively redose cephalosporin prophylactic
antibiotics every two half-lives for long procedures

E. Antibiotics should not be administered after the
wound is closed unless there is suspicion of contami-
nation

As a result of a forum held by National Surgi-
cal Infection Prevention project leaders, consensus
was reached regarding antibiotic selection, tim-
ing, and duration for select types of surgery. It
is recommended that IV antibiotics used to pre-
vent surgical site infection should be given within
one hour before surgery and should not be used
for more than 24 hours postoperatively. In addi-
tion, prophylactic antibiotics should be selected for
various procedures based on pathogens likely to
be encountered. Redosing of antibiotics (not only
cephalosporins) during surgery is recommended for
long procedures or for patients with blood loss or
a large amount of fluid administration. Antibiotics
should not be administered after the wound is
closed unless there is suspicion of contamination,
at which point the duration of therapy should not
exceed 24 hours.

Answer: C

Bratzler DW, Houck PM (2004) Antimicrobial prophylaxis
for surgery: an advisory statement from the National
Surgical Infection Project. Clinical Infectious Diseases 38,
1706-15.

6. All of the following can decrease the rate of surgical
site infection in the colorectal surgical patient except

A. IV antibiotic administration preoperatively
B. Oral antibiotic bowel preparation

C. Postoperative prophylactic antibiotics

D

. Targeting Escherichia coli and Bacteroides fragilis
with prophylactic antibiotics

E. Thorough and complete mechanical bowel prepara-
tion
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It is estimated that 20% of patients undergoing
intra-abdominal procedures will develop a surgical
site infection, and in elective colorectal resections,
this incidence is reported to be as high as 26%. To
reduce surgical site infection in colorectal surgery,
IV antibiotics should be administered preopera-
tively and as close to the time of incision as possible.
In colorectal surgery, E. coli and B. fragilis are the
target pathogens. Systemic antibiotics after wound
closure have not been shown to reduce surgical site
infection rates. Prolonged postoperative adminis-
tration increases cost, produces resistance, and will
cause antibiotic-associated morbidity. Each patient
must have a thorough and complete mechani-
cal bowel preparation. When properly given, oral
antibiotics have been shown to reduce surgical site
infections.

Answer: C

Fry DE (2005) The truth is in the dialogue. Surgical
Infection Society—Europe Semmelweis Lecture. Surgi-
cal Infection Society—Europe. Surg Infect (Larchmt). 6 (1),
19-25.

Smith RL, Bohl JK, McElearney ST, et al. (2004) Wound
infection after elective colorectal resection. Annals of
Surgery 239, 599-608.

Questions 7 and 8 refer to the following case.

A 70-year-old man presents to the emergency depart-
ment with a 2-day history of fever, chills, cough, and
right-sided pleuritic chest pain. On the day of admis-
sion, the patient’s family noted that he was more
lethargic and dizzy and was falling frequently. The
patient’s vital signs are: temperature, 101.5°F; heart
rate, 120 bpm; respiratory rate, 30 breaths/min; blood
pressure, 70/35mm Hg; and oxygen saturation as mea-
sured by pulse oximetry, 80% without oxygen supple-
mentation. A chest radiograph shows a right lower lobe
infiltrate.

7. This patient’s condition can best be defined as which
of the following?

A. Multi-organ dysfunction syndrome (MODS)
B. Sepsis

C. Septic shock

D. Severe sepsis

E. Systemic inflammatory response syndrome (SIRS)

8. What is the first step in the initial management of
this patient?

A. Antibiotic therapy

B. B-Blocker therapy to control heart rate

C. Intravenous (IV) fluid resuscitation

D. Supplemental oxygen and airway management

E. Vasopressor therapy with dopamine

The patient fulfills criteria for severe sepsis,
defined as sepsis with evidence of organ dys-
function, hypoperfusion, or hypotension. SIRS is
defined as an inflammatory response to insult man-
ifested by two of the following: temperature greater
than 38°C (100.4°F) or less than 36°C (96.8°F),
heart rate greater than 90bpm, respiratory rate
greater than 20 breaths/min, and white blood cell
count greater that 12 x 103/pL, less than 4 x 103/
wL, or 10% bands. A diagnosis of sepsis is given
if infection is present in addition to meeting crite-
ria for SIRS. Septic shock includes sepsis-induced
hypotension (despite fluid resuscitation) along with
evidence of hypoperfusion. MODS is the pres-
ence of altered organ function such that hemosta-
sis cannot be maintained without intervention.
This patient’s lack of fluid resuscitation classifies
him as having severe sepsis rather than septic
shock.

The initial evaluation of any critically ill patient
in shock should include assessing and establishing
an airway, evaluating breathing (which includes
consideration of mechanical ventilator support),
and restoring adequate circulation. Adequate oxy-
genation should be ensured with a goal of achiev-
ing an arterial oxygen saturation of 90% or
greater.

Answers: D, D

Bone RC, Balk RA, Cerra FB, et al. (1992) Definition
for sepsis and organ failure and guidelines for the
use of innovative therapies in sepsis. The ACCP/SCCM
Consensus Conference Committee. American College



of Chest Physicians/Society of Critical Care Medicine.
Chest 101, 1644-55.

Holmes CL, Walley KR (2003) The evaluation and man-
agement of shock. Clinical Chest Medicine 24, 775-89.

9. Which of the following is an indication for using
corticosteroids in septic shock?

A. Acute respiratory distress syndrome (ARDS)
Necrotizing pneumonia
Peritonitis

Sepsis responding well to fluid resuscitation

Mmoo w

Vasopressor-dependent septic shock

An inappropriate cortisol response is common in
patients with septic shock. Low-dose IV corticos-
teroids (hydrocortisone 200-300 mg/day) are rec-
ommended in patients with vasopressor-dependent
septic shock. However, steroids should not be
used in the absence of vasopressor requirement.
Higher doses of corticosteroids have been shown
to be harmful in severe sepsis. The use of adrenal
function tests to guide decisions on corticosteroid
therapy is considered a reasonable approach. An
absolute incremental increase of 9 pg/dL at 30
or 60 minutes after administration of 250 ug of
corticotropin was found as the best cutoff value
to distinguish between adequate adrenal response
(responders) and relative adrenal insufficiency
(nonresponders). Another approach is to use IV
dexamethasone 4mg every 6 hours until a low-
dose corticotropin stimulation test can be per-
formed; dexamethasone does not interfere with the
cortisol assay but will interfere with adrenal axis
response. Corticosteroids may then be continued
in nonresponders and discontinued in responders.
While the Meduri protocol has been advocated for
treatment of ARDS, patients must have no demon-
strable infection for its recommended use. This
includes undrained abscesses, disseminated fungal
infections, and septic shock.

Answer: E

Rivers EP, Gaspari M, Saad GA, et al. (2001) Adrenal
insufficiency in high-risk surgical ICU patients. Chest
119, 889-96.
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Annane D, Sebille V, Troche G, et al. (2000) A 3-level
prognostic classification in septic shock based on corti-
sol levels and cortisol response to corticotropin. Journal
of the American Medical Association 283, 1038-45.

10.  Which one of the following represents an absolute
contraindication to the use of drotrecogin alfa (activated)
in septic shock patients?

A. International normalized ratio (INR) of 1.9
B. Platelet count of 75 000 cells/uL

C. Hemorrhagic CVA two months ago

D. Lumbar puncture four hours ago
E

. Post-trauma splenectomy seven days ago

In addition to anti-inflammatory properties, acti-
vated protein C also possesses anticoagulant and
profibrinolytic properties, and, not unexpectedly,
these properties increase the risk of bleeding in
patients receiving drotrecogin alfa (activated). In
the PROWESS trial, bleeding was the only adverse
effect of administration of drotrecogin alfa (acti-
vated). Serious bleeding, defined as intracranial
hemorrhage, life-threatening bleed, or bleeding
that required administration of 3 U of packed RBCs
on two consecutive days, occurred in 3.5% of
patients receiving drotrecogin alfa (activated) as
compared with 2% of those receiving placebo. This
increased risk occurred primarily during the peri-
infusion period. Any bleeding event during the 28-
day study period also occurred more frequently
in patients receiving drotrecogin alfa (activated)
(24.9% versus 17.7% with placebo). rhAPC should
not be given to any patient with a recent his-
tory (within three months) of hemorrhagic stroke
due to the risk of intracranial hemorrhage. Post-
hoc analysis of PROWESS trial data found that
increased bleeding was associated with a platelet
count that fell below 30000 cells/pL and/or INR
that rose above 3.0.1. As such, both represent rela-
tive contraindications to administration of rhAPC;
the case patient has adequate platelets and an
acceptable INR for rhAPC. Uncomplicated bedside
procedures (such as lumbar puncture) are not con-
traindications to ThAPC therapy; rhAPC should be
discontinued for two hours prior to the procedure
and restarted once hemostasis is achieved.
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Answer: C

Bernard GR, Vincent JL, Laterre P, et al. (2001) Recombi-
nant human protein C Worldwide Evaluation in Severe
Sepsis (Prowess) Study Group. Efficacy and safety of
recombinant human activated protein C for severe
sepsis. New England Journal of Medicine 344, 699-709.

Dellinger RP, Levy MM, Carlet JM, et al. (2008) Surviving
Sepsis Campaign: international guidelines for manage-
ment of severe septic shock: 2008. Critical Care Medicine
36 (1), 296-327.

11.

genic?

Which of the following cytokines is/are pyro-

A. IL-2
B. IL-4
C. IL-5
D. IL-12
E. TNF

In response to stress, the host resets various
set points in an attempt to maintain homeostasis.
Neuroendocrine changes in this process may be
manifested by fever. IL-1, IL-6 and TNF all stim-
ulate PGE, synthesis. PGE, directly affects the
hypothalamus and increases the hypothalamic
temperature set point resulting in fever. In addi-
tion, PGE, stimulates vasoconstriction and shiver-
ing, both of which increase body core temperature
and contribute to the fever. Of the choices avail-
able, only TNF is pyrogenic.

Answer: E

Mulholland MW, Lillemoe KD, Doherty G, et al

(2010) Greenfield’s Surgery: Scientific Principles and Practice,
Lippincott Williams & Wilkins, Philadelphia, PA.

12. The major cause of vasodilation in sepsis appears
to be mediated by:

A. ATP-sensitive potassium channels in smooth muscle
B. ATP-sensitive calcium channels in smooth muscle

C. l-arginine

D. Interruption of sympathetic afferents endings

E. None of the above

The endothelium is an endocrine organ, capable
of regulating the function of the microcirculation.
The most important compound produced is nitric
oxide (NO), an endogenous vasodilator. Its major
effects are to cause local vasodilatation and inhibi-
tion of platelet aggregation. Nitric oxide is produced
from l-arginine by nitric oxide synthetase (NOS),
and its actions are mediated by cGMP. NO is an
essential to the normal functioning of the vascular
system. There are two forms of the enzyme nitric
oxide synthetase, a constitutive form, produced as
part of the normal regulatory mechanisms, and an
inducible form, whose production appears to be
pathologic. Inducible NOS (iNOS) is an offshoot
of the inflammatory response, by TNF and other
cytokines. It results in massive production of nitric
oxide, causing widespread vasodilatation (due to
loss of vasomotor tone) and hypotension, which is
hyporeactive to adrenergic agents.

Nitric oxide has a physiological antagonist,
endothelin-1, a potent vasoconstrictor whose cir-
culating level is increased in cardiogenic shock and
following severe trauma.

The major cause of vasodilation in sepsis appears
to be mediated by ATP-sensitive potassium chan-
nels in smooth muscle. The result of activation is
increased permeability of vascular smooth muscle
cells to potassium, and hyperpolarization of the
cell membranes, preventing muscle contraction,
leading to vasodilation.

In addition to potassium channels and inducible
nitric oxide, there is a relative deficiency of vaso-
pressin in early sepsis, the cause and significance of
which is unknown.

Answer: A

Jackson WF (2000) Ion channels and vascular tone.
Hypertension 35(1 Pt 2), 173-8.

Landry DW, Levin HR, Gallant EM, et al. (1997) Vaso-
pressin deficiency contributes to the vasodilation of
septic shock. Circulation 95, 1122-5.

13. The natural defense against infection includes all
of the following except:

A. Macrophages



B. T and B lymphocytes
C. Platelets and coagulation factors

D. Appearance of proinflammatory —and  anti-
inflammatory mediators in the systemic circulation

E. All of the above

The natural defense of the body to an infection,
or other assault, involves a number of cellular and
humoral factors. They include B and T lympho-
cytes, macrophages, neutrophils, platelets, tumor
necrosis factor (TNF), interleukins, the coagulation
factors, and probably several other products. There
are five rather distinct phases that describe how
these biological products work together to over-
come the assault and, paradoxically, how they can
interact to cause SIRS and MODS.

First phase: the local response

An infection, injury, burn, or similar process can
initiate a response that causes the release of various
proinflammatory mediators in the immediate area
of involvement.

Second phase: the early systemic response

If the initial injury or insult is severe enough, the
proinflammatory and anti-inflammatory mediators
can appear in the systemic circulation. This may
occur by direct entry into the bloodstream in the
case of massive trauma, by spillover from the local
site in the event of a severe infection, or by other
means.

Third phase: proinflammatory excess

In some patients, control of the proinflammatory
process does not occur, and there is a systemic
reaction that can include hypotension, tachycardia,
and abnormal body temperature. These are the
early findings of SIRS.

Fourth phase: excessive immunosuppressive
response

In some patients who survive an initial massive
infection or other inflammatory process, there
may be a compensatory, but excessive, anti-
inflammatory response that results in immunosup-
pression. This may explain the increased suscep-
tibility to infection in patients with severe burns,
trauma, hemorrhage, or pancreatitis.
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Fifth phase: transition to MODS

This phase indicates that there has been an over-
whelming and inappropriate bodily response to the
biological insult. It can take varied forms, includ-
ing persistently elevated levels of proinflammatory
mediators, whereby mortality is due to overwhelm-
ing inflammation and organ failure. This has been
found in patients with SIRS and MODS.

Answer: E

Bone RC (1996) Immunologic dissonance: a continuing
evolution in our understanding of the systemic inflam-
matory response syndrome (SIRS) and the multiple
organ dysfunction syndrome (MODS). Annals of Internal
Medicine 125 (8), 680-7.

14. Diagnostic criteria for sepsis include:
A. Heart rate 96 beats/minute

. Temperature of 36.5°C (97.7°F)

. Respiratory rate 18 breaths/minute

. Leukocyte count between 5000 and 11 000 cells/mn?’

M O o W

. Platelet count 90 000/mm’®

The American College of Chest Physicians
(ACCP) and the Society of Critical Care Medicine
(SCCM) have developed definitions for sepsis and
its sequelae. Infection is defined as the invasion of
anormally sterile host tissue by micro-organisms or
the inflammatory response of a host to an infection.
Bacteremia is defined as the presence of viable
bacteria in the blood.

Sepsis is defined as a systemic inflamma-
tory response arising from infection, leading to
widespread tissue injury and manifested by two or
more of the following conditions:

e hyperthermia (temperature greater than 38°C
[100.4 °F])

¢ hypothermia
[96.8 °F])

e tachycardia (heart rate greater than 90 beats per
minute in adults)

e tachypnea (respiratory rate greater than 20
breaths per minute)

e hyperventilation (partial pressure of carbon
dioxide [PaCO,] less than 32 mm Hg)

(temperature less than 36°C
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e leukocytosis (leukocyte count greater than
12000 cells per mm?)

¢ leukopenia (leukocyte count less than 4000 cells
per mm?)

The recognition that noninfectious conditions
may also produce a systemic response complicated
by tissue injury led researchers to recommend use
of the term systemic inflammatory response syn-
drome (SIRS). This term emphasizes that infection
is not the exclusive cause of physiologic changes.
The inflammatory response of the host is very
important in determining the severity of the illness.

Systemic inflammatory response syndrome is an
uncontrolled inflammation in response to an insult
to the body or an ongoing process that can result in
end-organ damage and multisystem failure.

In an acutely ill patient, altered organ function
in more than one major organ constitutes multiple
organ dysfunction syndrome (MODS). Organ dys-
function is characterized by various laboratory and
clinical assessments, such as:

e a ratio of arterial oxygen tension to fraction of
inspired oxygen of 280 or less

¢ the presence of a metabolic acidosis

e oliguria (urinary output of less than 0.5 mL/kg of
body weight for at least one hour in a patient with
a urinary catheter in place)

e an acute alteration in mental status.

Answer: A

Levy MM, Fink MP, Marshall JC, et al. (2003) SCCM/
ESICM/ACCP/ATS/SIS international sepsis definitions
conference. Intensive Care Medicine 29, 530-8.

15. The role of the coagulation system in the sepsis-
induced inflammatory cascade includes

A. Up regulating fibrinolysis
. Blocking further inflammation
. Down requlating the anticoagulant system

. Up regulation of Protein C production

M O a W

. Up requlaton of Protein S production

The coagulation system plays an important role
in the sepsis-induced inflammatory cascade. Coag-
ulation is activated by the inflammatory reac-

tion to tissue injury and is activated independent
of the type of microbe (e.g., gram-positive and
gram-negative bacteria, viruses, fungi, or parasites).
Increased coagulation contributes to mortality in
sepsis by down regulating fibrinolysis and the
anticoagulant systems. The collaboration between
clotting and inflammation, which works to wall off
damaged and infected tissues, is an important host
survival strategy. Coagulation induced by inflam-
mation can in turn contribute to further inflam-
mation. A key to determining survival in sepsis is
to limit the damage while retaining the benefits
of localized clotting and controlled clearance of
pathogens.

A continuum of coagulopathy in sepsis has been
suggested, extending from the appearance of mild
coagulation abnormalities prior to the onset of
any clinical signs of severe sepsis to consumption
of anticoagulant proteins and suppression of the
fibrinolytic system. Depletion of anticoagulant and
fibrinolytic factors contributes to the microvascular
deposition of fibrin that is associated with organ
dysfunction. Coagulation abnormalities in sepsis
contribute significantly to organ dysfunction and
death.

Answer: C

Cinel I, Opal SM (2009) Molecular biology of inflamma-
tion and sepsis: a primer. Critical Care Medicine 37 (1),
291-304.

Wheeler AP (2007) Recent developments in the diagnosis
and management of severe sepsis. Chest 132, 1967-76.

16. The common manifestations of sepsis are seen in
all of the following organ systems except:

A. Skeletal
Endocrine
Skin

Central nervous

SIS

Gastrointestinal

The manifestations of sepsis may be seen in
the cardiovascular, pulmonary, central nervous,
renal, gastrointestinal, and hematologic systems
of the body (most frequently in the lungs and



circulatory system). The skeletal system does not
manifest signs of sepsis.

Cardiovascular

Hypotension and tachycardia are the most common
cardiovascuilar manifestations. In addition, the
left and right ventricles are dilated, ejection frac-
tions are often depressed, and the Frank-Starling
and diastolic pressure-volume relationships are
altered.

Prior to hypotension the patient is usually hyper-
dynamic. As shock develops, SVR drops precipi-
tously while cardiac output continues to increase.
In the later phases of shock, cardiac output
declines, which exacerbates the effects of hypop-
erfusion and allows lactate to accumulate.

Pulmonary

Tachypnea, with a respiratory rate of more than 20
breaths per minute, is often the earliest pulmonary
sign of sepsis, occurring before hypoxemia. As
sepsis continues, marked respiratory alkalosis often
ensues; PaCO, may be 30 mm Hg or less.

Central nervous system

Altered mental status may be the most common
and most overlooked manifestation of sepsis. This
causes elderly patients to be at particularly high
risk. Early changes include withdrawal, confusion,
irritability, or agitation.

Renal

The renal manifestations of sepsis include oliguria
and azotemia. The urinary excretion of sodium
may be markedly reduced (less than 20 mEq/L),
and urinary osmolality may be increased (greater
than 450 mOsm/kg). Protracted oliguria may lead
to acute tubular necrosis or renal failure.

Gastrointestinal

Impaired motility is the most common gastroin-
testinal problem. Stress ulceration is another com-
mon problem. There is some evidence that stress
ulcers are less likely to develop when patients are
given adequate fluid resuscitation, although this
has not been proven conclusively.

Hepatic

Large but transient elevations in serum transami-
nase levels may follow an episode of severe shock
or hypoxemia.
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Hematologic

Leukocytosis, usually accompanied by a shift to
the left, is common in sepsis. Multifactorial anemia
is seen in late-stage sepsis. Decreased maturity
and/or survival of red blood cells may contribute to
anemia. Thrombocytopenia and coagulation abnor-
malities (elevated prothrombin or partial thrombo-
plastin times) are often seen in sepsis.

Answer: A

Dellinger RP, Levy MM, Carlet J, et al. (2008)
Surviving sepsis campaign: international guidelines for
management of severe sepsis and septic shock. Intensive
Care Medicine 34 (1), 17-60. Summary retrieved
from National Guideline Clearinghouse at http://www
.guideline.gov/summary/summary.aspx?doc.id=12231
(accessed April 6, 2009).

Rivers E, Nguyen B, Havstad S, et al. (2001) Early
Goal-Directed Therapy Collaborative Group. Early goal-
directed therapy in the treatment of severe sepsis
and septic shock. New England Journal of Medicine 345,
1368-77.

17. Altered mental status is a common manifestation
of sepsis. An early sign of this change may be

A. Irritability
. Disorientation
. Polyneuropathy

. Nonfocal manifestations

M U o W

. Seizures

Altered mental status may be the most common
and most overlooked manifestation of sepsis. This
causes elderly patients to be at particularly high
risk. Early changes include withdrawal, confusion,
irritability, or agitation. In patients with severe
infection, one may see disorientation, lethargy,
seizures, or frank obtundation.

Eventually, symptoms and signs of encephalopa-
thy, including nonfocal neurologic manifestations,
may be seen, and some patients may become
comatose. In addition, evidence of polyneuropathy,
including impaired deep tendon reflexes, muscle
weakness, and wasting, may be present.
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Answer: B

Cunha BA (1998) Infectious Diseases in Critical Care Medicine,
New York, NY: Marcel Dekker.

Ely EW, Kleinpell RM, Goyette RE (2003) Advances in the
understanding of clinical manifestations and therapy
of severe sepsis: an update for critical care nurses.
American Journal of Critical Care 12, 120-35.

18. Which agent is preferred to restore blood pressure
and perfusion in a patient with septic shock after volume
replacement?

A. Dobutamine infusion

B. Norepinephrine infusion
C. Intermittent phenylephrine
D. Low dose vasopressin
E

. Low dose dopamine

Vasopressors may be required to restore ade-
quate blood pressure and perfusion. Norepine-
phrine or dopamine are considered first-choice
vasopressor agents to correct hypotension in septic
shock. Norepinephrine appears to be more effective
at reversing hypotension than dopamine, but there
are concerns that many of the biological effects of
dopamine might cause harm to patients in septic
shock. Low-dose dopamine should not be used for
renal protection.

It these agents do not provide mean arterial
pressure of >65 mm Hg, vasopressin may be added
to the norepinephrine and administered at an infu-
sion rate of 0.03 units/min. Vasopressin should
not be administered as the initial agent in septic
shock. Phenylephrine can also be used to increase
blood pressure, especially if a tachyarrhythmia is
present, but should not be administered as the ini-
tial vasopressor. Intravenous preparations should
be administered only by properly trained individ-
uals familiar with its use.

Inotropic therapy may involve the use of dobu-
tamine if the cardiac output remains low. If dobu-
tamine is used, it should be combined with the
vasopressors. All patients requiring vasopressors
should have an arterial line placed as soon as
practically possible.

Answer: B

Dellinger RP, Levy MM, Carlet JM, et al. (2008) Sur-
viving sepsis campaign: international guidelines for
management of severe sepsis and septic shock Intensive
Care Medicine 34 (1), 17-60. Summary retrieved from
National Guideline Clearinghouse at www.guideline
.gov/summary/summary.aspx?doc-id=12231 (accessed
April 6, 2009).

19. Diagnostic criteria for SIRS in children include:
A. Temperature of 36.5°C

B. Leukocyte count that is either elevated or depressed for
the child’s age

C. Tachycardia greater than 1 standard deviation above
normal for the child’s age

D. Mean respiratory rate greater than 1 standard devia-
tion above normal for the child’s age

E. Leukocyte count that is either elevated or depressed
independent of child’s age

The panel’s definition of SIRS for children
includes the presence of at least two of the fol-
lowing criteria (one of which must be abnormal
temperature or leukocyte count):

e Core temperature greater than 38.5°C or less
than 36°C (measured by rectal, bladder, oral, or
central catheter probe). Hypothermia may indicate
serious infection (especially in infants).

e Tachycardia greater than 2 standard deviations
above normal for the child’s age in the absence of
external stimulus; or unexplained persistent eleva-
tion over a four-hour time period; or, for children
younger than one year of age, bradychardia (as
defined by the panel); or unexplained persistent
depression over a 30-minute time period. Brady-
chardia is not a sign of SIRS in older children but
may be a sign in the newborn.

e Mean respiratory rate greater than two standard
deviations above normal for the child’s age or
mechanical ventilation.

e Leukocyte count that is either elevated or
depressed for the child’s age; or greater than 10%
immature neutrophils.



Answer: B

Goldstein B, Giroir B (2005) Randolph International pedi-
atric sepsis consensus conference: definitions for sepsis
and organ dysfunction in pediatrics. Pediatric Critical
Care Medicine 6 (1), 2-8.

20. A major cause of sepsis among hospitalized
severely ill patients is

A. Malignancy

B. Hyperglycemia

C. Intestinal ulceration
D. Nosocomial infection
E

. Gastrointestinal bleeding

Factors considered important in the development
of sepsis include: inappropriate broad-spectrum
antibiotic therapy; immunosuppressive treatments,
such as cancer chemotherapy; invasive procedures;
transplantations; fungal organisms; burns or other
trauma; anatomic obstruction; intestinal ulceration;
age extremes; and progressive clinical conditions,
such as malignancy, diabetes, or AIDS.

Nosocomial infections are a major cause of
sepsis among severely ill patients. Increased risk
of nosocomial infection is associated with the
presence of underlying chronic disease, alteration
in host defenses, prolonged hospital stay, and
the presence of invasive catheters or monitoring
devices. Pulmonary, urinary tract, gastrointesti-
nal, and wound infections predominate. In hos-
pitalized adult patients, the etiology of sepsis has
shifted from being predominantly gram-negative
nosocomial infections (Escherichia coli, Klebsiella,
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Enterobacter species, and Pseudomonas aeruginosa)
to gram-positive infections (Staphylococcus aureus,
Streptococcus pneumoniae, and Streptococcus pyogenes).
The incidence of sepsis caused by gram-positive
infections has increased by 26.3% per year since
the early 1980s. Multidrug-resistant pathogens,
such as S. aureus, now account for more than half
of all sepsis cases. S. aureus is singly responsible for
40% of ventilator-associated pneumonia episodes
and most cases of nosocomial pneumonia. Group B
Streptococcus is a leading cause of neonatal sepsis
in the United States.

The risk of catheter-related sepsis is increased
when the IV catheter is placed in a central vein,
particularly if the catheter remains in place longer
than three to five days or if the catheter is used
for blood sampling. Full sterile barrier precau-
tions, strict protocols for catheter care, and prompt
removal of the catheter when it is no longer needed
are recommended to prevent infectious complica-
tions.

Urinary catheters left in the bladder longer
than two weeks often cause infection. Therefore,
increased surveillance for signs of urinary tract
infections when catheters remain in place beyond
a few days is necessary.

Answer: D

Martin GS, Mannino DM, Eaton S (2003) The epi-
demiology of sepsis in the United States from 1979
through 2000. New England Journal of Medicine 348 (16),
1546-54.

National Nosocomial Infections Surveillance System.
National Nosocomial Infections Surveillance (NNIS)
System Report, data summary from January 1992
through June 2004, issued October 2004 (2004) Ameri-
can Journal of Infection Control 32 (8), 470-85.



Chapter 5 Hemodynamic and
Respiratory Monitoring

Christopher S. Nelson, MD, Jeffrey P. Coughenour, MD, and

Stephen L. Barnes, MD, FACS

1. An 18-year-old boy involved in a motor-vehicle
collision is admitted with multiple orthopedic injuries
and requires intubation. A right internal jugular central
venous catheter is placed to assist in volume resuscitation
and hemodynamic monitoring. The phlebostatic axis is
correctly identified and the catheter is connected properly.
When is the proper time during a normal breath cycle to
accurately measure intravascular pressure?

A. End of expiration

B. During a sustained breath hold

C. End of inspiration

D. Measurement is unaffected by timing during the nor-
mal breath cycle

E. Plateau pressure

The phlebostatic axis corresponds to the position
of the right and left atrium with the patient in
the supine position. Intravascular pressure (the
pressure in the vessel lumen relative to atmo-
spheric pressure) is the vascular pressure measured
at bedside. Transmural pressure is the difference
between the intravascular and extravascular pres-
sures. Changes in thoracic pressure can cause a
discrepancy between intravascular and transmural
pressures. Intravascular pressures should be equiv-
alent to transmural pressures when the extravascu-
lar pressure is zero or at the end of expiration.

Answer: A

Kee LL, Simonson JS, Stotts NA, et al. (1993) Echocardio-
graphic determination of valid zero reference levels in
supine and lateral positions. American Journal of Critical
Care 2, 72-80.

Marino P (2007) The ICU Book, 3rd edn, Lippincott
Williams & Wilkins, Philadelphia, PA.
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2. A 76-year-old woman, is admitted to the ICU follow-
ing a Hartmann's procedure for complicated diverticulitis.
A pulmonary artery catheter is placed through the right
internal jugular vein to assist in hemodynamic moni-
toring and resuscitation. To ensure an accurate venous
pressure tracing, the pulmonary artery catheter tip should
lie in which West lung zone?

A. Zonel

. Zone Il
. Zone III
. Zone IV

M9 A ™

. Anatomic location of placement does not affect reading

Multiple conditions may exist that can adversely
affect the accuracy of the wedge pressure as a
measure of left atrial pressure. If the pressure in
the surrounding alveoli exceeds capillary (venous)



pressure, the pressure at the tip of the pulmonary
artery catheter may reflect the alveolar pressure
more than the pressure in the left atrium. Wedge
pressure is a reflection of left atrial pressure only
when the tip of the catheter is located in West
zone 3 of the lung. Other conditions that may
affect accuracy include: catheter tip position, PEEP,
aortic insufficiency, a noncompliant ventricle, and
respiratory failure.

Answer: C

Marino P (2007) The ICU Book, 3rd edn, Lippincott
Williams & Wilkins, Philadelphia, PA.

Mathews L (2007) Paradigm shift in hemodynamic mon-
itoring. The Internet Journal of Anesthesiology 11, 1-2.

Oquin R, Marini JJ (1983) Pulmonary artery occlusion
pressure: clinical physiology, measurement, and inter-
pretation. American Review of Respiratory Disorders 128,
319.

3. A pulmonary artery catheter uses the thermodilu-
tion principle for determining cardiac output. A number
of factors can affect the accuracy of these readings. Which
cardiac valvular abnormality may produce a falsely
depressed cardiac output reading?

A. Tricuspid requrgitation
B. Tricuspid stenosis

C. Mitral prolapse

D. Aortic requrgitation

E. Aortic stenosis

Thermodilution is an indicator-dilution method
of measuring blood flow. This method is based on
the premise that, when an indicator substance is
added to circulating blood, the rate of blood flow
is inversely proportional to the change in concen-
tration of the indicator over time. This can either
be a dye (dye-dilution method) or a fluid with a
different temperature than blood (thermodilution
method). Using a pulmonary artery catheter, cold
fluid mixes in the right heart chambers and the
cooled blood is ejected into the pulmonary artery
and flows past the thermistor on the distal end
of the catheter. The thermistor records the change
in blood temperature with time. This information
is sent to an electronic device that records and

Hemodynamic and Respiratory Monitoring 53

displays a temperature time curve. The area under
the curve is inversely proportional to the rate of
blood flow in the pulmonary artery, and this flow is
equivalent to the cardiac output. Tricuspid regurgi-
tation causes the cold indicator fluid to be recycled
back and forth across the tricuspid valve. This
produces a prolonged, low-amplitude thermodilu-
tion curve, thus tricuspid regurgitation produces a
falsely low thermodilution cardiac output. Aortic
regurgitation, aortic stenosis and mitral prolapse
are left sided heart abnormalities that will not affect
the thermodilutional method. Similarly, tricuspid
stenosis will still allow a steady rate of flow across
the valve and will not affect thermodilution.

Answer: A

Konishi T, Nakamura Y, Morii I, et al. (1992) Comparison
of thermodilution and Fick methods for measurement
of cardiac output in tricuspid regurgitation. American
Journal of Cardiology 70 (4), 538-9.

Marino P (2007) The ICU Book, 3rd edn, Lippincott
Williams & Wilkins, Philadelphia, PA.

4. A 69-year-old man with known benign prostatic
hypertrophy (BPH) and poorly-controlled non-insulin
dependent diabetes mellitus is admitted to the ICU in
septic shock secondary to a urinary source. A right subcla-
vian central venous catheter is inserted and a left radial
arterial line is placed.

Resuscitation is most accurately guided by which value
derived from intra-arterial cannulation?

A. Systolic pressure
. Diastolic pressure
. Mean arterial pressure

. Pulse pressure

M 9 o W

. Frequent hemoglobin and hematocrit sampling

The contour of an arterial pressure waveform
changes as the pressure moves away from the prox-
imal aorta. As the pressure wave moves toward the
periphery, the systolic pressure gradually increases
and the systolic portion of the waveform narrows.
The systolic pressure can increase by as much as
20mm Hg. The increase in peak systolic pressure
is offset by the narrowing of the systolic pressure
wave so that the mean arterial pressure remains
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unchanged, therefore, mean arterial pressure is a
more accurate measure of central aortic pressure.
Amplification of the systolic pressure is particu-
larly prominent when the arteries are noncompli-
ant. Because a large proportion of patients in the
ICU are elderly with comorbid conditions, systolic
pressure amplification is probably commonplace in
the ICU.

Answer: C

Marino P (2007) The ICU Book, 3rd edn, Lippincott
Williams & Wilkins, Philadelphia, PA.

Martin C, Saux P, Papazian L, Gouin F (2001) Long-term
arterial cannulation in ICU patients using the radial
artery or dorsalis pedis artery. Chest 119, 901-6.

Nichols WW, O’Rourke MF (1990) McDonald’s Blood Flow
in Arteries, 3rd edn, Arnold, London.

5. A 63-year-old woman has an extended ICU course
secondary to inability to wean from the ventilator fol-
lowing a right upper lobe lobectomy performed for ade-
nocarcinoma of the lung. Her blood glucose levels have
been well controlled without the use of exogenous insulin,
in a range from 140—180mg/dl. Spot glucose checks over
the previous 18 hours reveal an increasing hyperglycemia
and the nurse notifies you of a temperature of 39.1°C.
A right subclavian central venous catheter is identified as
having a 2 cm rim of surrounding erythema at the inser-
tion site, which was not present on physical examination
24 hours prior. Blood, urine, and sputum cultures are
sent to pathology, the foley catheter is changed, peripheral
IV access is established and the central venous catheter is
removed and sent for gram-stain and culture.

Suspecting a catheter-related bloodstream infection
(CRBSI), the most likely organism to be identified on
gram-stain and culture will be:

A. Escherichia coli
. Staphylococcus epidermidis
. Enterococcus faecalis

. Pseudomonus aeriginosus

M O o W

. Candida albicans

CRBSIs usually manifest as an unexpected fever
in a patient who has had an indwelling vascular
catheter longer than 48 hours. In this condition, the
same pathogenic organism is found on the catheter
tip and in the systemic circulation. Common routes

of CRBSI include: 1) microbes enter the internal
lumen through break points in the infusion system,
such as stopcocks and catheter hubs. 2) microbes
on the skin can migrate along the subcutaneous
tract created by the catheter. 3) microorganisms
in circulating blood can become entrapped in the
fibrin meshwork that surrounds the intravascular
portion of the indwelling catheter. The organisms
involved in catheter-related septicemia are most
commonly: Staphylococcus epidermidis (27 %), Staphy-
lococcus aureus (24%), Candida species (17%), Kleb-
siella or Enterobacter (11%), Serratia (5%), Enterococ-
cus (5% ), and others (8%).

Answer: B

Leonidu L, Gogos C (2010) Catheter-related blood-
stream infections: catheter management according to
pathogen. International Journal of Antimicrobial Agents
36 (Suppl. 2), S26-32.

Marino P (2007) The ICU Book, 3rd edn, Lippincott
Williams & Wilkins, Philadelphia, PA.

Norwood S, Ruby A, Civetta J, Cortes V (1991) Catheter-
related infections and associated septicemia. Chest
99 (4), 968-75.

6. Gastric tonometry is a novel method that has been
introduced in an attempt to identify earlier and more
accurate methods for recognizing tissue hypo-perfusion.
The basis of this is hypothesized by splanchnic hypop-
erfusion being a prelude to multi-organ failure and
that oxygen deficits at the gastric mucosa will produce a
local acidosis and then be recognized and therapy insti-
tuted. All of the following may affect gastric tonometry
except:

A. Gastric acid secretion
. Systemic acid-base balance
. Arterial bicarbonate

. Mechanical ventilation

M O a w

. Zollinger—Ellison syndrome

Gastric tonometry uses an indirect measurement
of the pH in gastric mucosa to evaluate the ade-
quacy of tissue oxygenation (oxygen deficits pro-
duce a local acidosis). The tonometer is a CO,-
permeable silicone balloon affixed to the distal
end of a standard 16 Fr. nasogastric tube. The
balloon is placed in the stomach and partially filled
with saline and left in place for 30 minutes. The



CO; in the adjacent mucosa eventually equilibrates
between the tissues and the saline in the balloon.
The pCO, in the saline approximates the pCO,
in the gastric mucosa. The pH calculation also
requires a measure of tissue bicarbonate, and the
bicarbonate concentration in an arterial blood sam-
ple is used for this purpose. Acid secretion in
the stomach is a confounding variable that must
be eliminated when using gastric mucosal pH as
a marker of tissue oxygenation. Systemic acid-
base disorders can also influence the pH of the
gastric mucosa; of particular concern is metabolic
acidosis. The use of arterial bicarbonate as a mea-
sure of mucosal bicarbonate is problematic because
the two are not equivalent in low-flow states.
Mechanical ventilation in and of itself will not
affect tonometry readings given a normal acid-base
status. Zollinger—Ellsion syndrome creates inappro-
priate amounts of acid production and will decrease
the gastric pH resulting in a false reading.

Answer: D

Gutierrez G., Brown SD (1995) Gastric tonometry: a new
monitoring modality in the intensive care unit. Journal
Intensive Care Medicine 10 (1), 34-44.

Gutierrez G, Palizas F, Goglio G, et al. (1992) Gastric intra-
mucosal pH as a therapeutic index of tissue oxygenation
in critically ill patients. Lancet 339, 195-9.

Marino P. (2007) The ICU Book, 3rd edn, Lippincott
Williams & Wilkins, Philadelphia, PA.

7. A 56-year-old man is admitted to the ICU follow-
ing an elective hemi-thyroidectomy for papillary thyroid
cancer. He experiences an acute asthma exacerbation and
is intubated, however the patient’s oxygen saturation
continues to decline and he ultimately becomes pulseless
and expires despite aggressive resuscitation attempts. Post-
mortem examination reveals the endotracheal tube tube to
be placed within the lumen of the esophagus.

All of the following are reliable indicators of tracheal
intubation except:

A. CO; excretion color detector
Capnometry
Squeeze bulb syringe

Fogging of endotracheal tube
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Flexible bronchoscopy
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Although useful, traditional methods for con-
firming the endotracheal placement of the tube
have limited reliability. These include stethoscopic
audibility and symmetry of breath sounds, direct
visualization of the cords, ease of insufflation and
recovery of tidal volume, tidal fogging and clearing
of the endotracheal tube, palpation of tube in
larynx, loss of voice, coughing and expulsion of
airway secretions, expansion of upper chest and
failure of the abdomen to progressively distend
during gas delivery. To improve reliability and
speed of placement, the phasic detection of CO,
during expiration by capnography and capnometry
can be used. CO, detection and measurement by
these methods can occasionally and transiently be
misleading. Minimal CO, is evolved or expelled
during shock or circulatory arrest and some CO,
may be liberated initially after esophageal intuba-
tion from gas trapped in the gastric pouch. How-
ever, this concentration falls rapidly as serial tidal
volumes are delivered. When compressed, a large-
capacity squeeze bulb affixed to the endotracheal
tube will fail to fill easily if the tube is in the
collapsible esophagus.

Answer: D

Littlewood K, Durbin CG Jr (2001) Evidence-based air-
way management. Respiratory Care 46 (12), 1392-405.
Marini JJ, Wheeler AP (2006) Critical Care Medicine, The
Essentials. Lippincott Williams & Wilkins, Philadelphia,

PA, (third edn).

8. A 72-year-old man is admitted to the ICU after
undergoing emergent laparotomy for perforated viscus. A
central venous catheter and arterial line are placed and
volume resuscitation is goal-directed to ensure adequate
tissue perfusion. The factor least responsible for increasing
oxygen delivery to tissues is:

A. Hemoglobin (Hgb)

B. Stroke volume

C. Oxygen saturation (Sa0.)

D. Partial pressure of arterial oxygen (PaO,)

E

. Heart rate
Volume resuscitation should ideally be driven

by the principle of correcting inadequate oxygen
delivery to the end organs. The quantity of oxygen
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that moves into, or out of, the blood depends on
three factors: (1) the amount of dissolved oxy-
gen (PO;); (2) the amount of oxygen combined
with hemoglobin (%HgbO,); and (3) the strength
with which the hemoglobin binds oxygen (Hgb-O,
affinity). The volume (ml) of oxygen contained in
100ml of blood is defined as the arterial oxygen
content or Ca0,. Oxygen delivery (DO,) is the
volume of oxygen presented to the tissues in one
minute, expressed in the equation: DO, = cardiac
output x (1.34 x Hgb x Sa0,) + (0.003 x PaO,)
or DO, (ml/min/m,) = CaO, x CO where CaO, =
(1.34 x Hgb x SaO,) + (0.003 x PaO,) and CO
is cardiac output (stroke volume x heart rate).
1.34 is the amount of oxygen bound to each gram
of hemoglobin and PaO, times 0.003 represents
the dissolved hemoglobin in the blood. Under nor-
mal atmospheric pressure, the PaO, is very small
and often ignored. Once the oxygen content is
maximized, the largest increase in the delivery
of oxygen is achieved through increasing cardiac
output. Resuscitation can therefore be optimized by
understanding the oxygen delivery equation along
with the variables that can be manipulated by the
practitioner.

Answer: D

Bock A, Field H, Adair G (1924) Oxygen and carbon
dioxide dissociation curves of human blood. Journal of
Biologic Chemistry 59, 353-78.

Parrillo J, Dellinger R (2008) Critical Care Medicine: Prin-
ciples of Diagnosis and Management in the Adult, 3rd edn,
Mosby/Elsevier, Philadelphia, PA.

Russell JA, Phang PT (1994) The oxygen delivery/
consumption controversy. Approaches to management
of the critically ill. American Journal of Respiratory Critical
Care Medicine 149, 533.

9. A 22-year-old man undergoes a splenectomy for a
positive focused abdominal sonography of trauma (FAST)
and class 4 hemorrhagic shock following a motor-vehicle
collision. A left subclavian central venous catheter and
arterial line are placed intraoperatively. The patient is
admitted to the SICU for postoperative resuscitation and
monitoring. Urine output is monitored along with central
venous pressure and fluid resuscitation is guided accord-
ingly. Stroke volume and stroke volume variability are
measured through the arterial line. The stroke volume

variability corresponding to adequate intravascular vol-
ume status is:

A. 10%
20%
40%
60%
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. Cannot be accurately assessed

Stroke volume variability (SVV) has been shown
repeatedly to be a reliable predictor of fluid respon-
siveness. It is calculated from percentage changes
in stroke volume (SV) during the ventilator cycle.
Calculation of SV by pulse contour technology is
based on the contribution of pulse pressure to SV
being proportional to the standard deviation of
arterial pulse pressure. In order to determine SV,
the influences of vascular resistance and compli-
ance on SV are considered using manually entered
patient data and pulse wave analysis. SVV values
of less than 15% are an indication of euvolemia.
Numbers greater than 15% shows a larger percent-
age change between strokes and are thus thought
to be an indicator of hypovolemia and may benefit
from a fluid challenge.

Answer: A

Hofer CK, Senn A, Weiber L, Zollinger A. (2008) Assess-
ment of stroke volume variation for prediction of fluid
responsiveness using the modified FloTrac and PiC-
COplus system. Critical Care 12(3), R82.

De Backer D, Heenan S, Piagnerelli M, Koch M, Vincent
J. (2005) Pulse pressure variations to predict fluid
responsiveness: influence of tidal volume. Intensive Care
Medicine 31, 517-23.

10. When inserting a pulmonary artery catheter, as
the catheter is advanced from the right ventricle into
the pulmonary artery, which of the following pres-
sures being recorded from the catheter changes the
most?

A. Diastolic pressure

B. Systolic pressure

C. Mean pressure

D. Central venous pressure
E

. All change equally
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When the catheter is inserted via the right
internal jugular vein (RLJ), the balloon is inflated
15cm from the point of neck entry. From the
RIJ approach, the RA is entered at approximately
25 cm, the RV at approximately 30 cm, and the PA
at approximately 40 cm; the PCWP can be identi-
fied at approximately 45cm. As a rule of thumb,
the catheter tip should not require advancement of
more than 20 cm beyond its current position before
encountering the next vascular compartment. Coil-
ing within the right ventricle and misdirection of
the catheter should be suspected after reaching 45
to 50 cm and the appropriate PA waveform is not
encountered. Fluoroscopy can be a helpful adjunct
in difficult cases and is especially worthwhile to
consider before attempting an insertion from the
femoral site.

Answer: A

Marini JJ, Wheeler AP (2006) Critical Care Medicine, The
Essentials. Lippincott Williams & Wilkins, Philadelphia,
PA, (third edn).

Iberti TJ, Fischer EP, Leibowitz AB, Panacek EA, Sil-
verstein JH, Albertson TE (1990) A multicenter study
of physicians’ knowledge of the pulmonary artery
catheter. Pulmonary Artery Catheter Study Group.
JAMA 264 (22), 2928-32.

Rhodes A, Cusack RJ, Newman PJ, Grounds RM (2002)
A randomized, controlled trial of the pulmonary artery
catheter in critically ill patients. Intensive Care Medicine
28 (3), 256—64.

11.  Which of the following are needed to calculate oxy-
gen delivery from the data obtained using a pulmonary
artery catheter?

A. Cardiac output, hemoglobin, arterial O, Saturation,
arterial pO,

B. Stroke volume, hemoglobin, pulmonary artery pO,,
arterial saturation

C. Arterial pO,, pulmonary artery pO,, arterial satura-
tion, cardiac output

D. Pulmonary artery saturation, arterial saturation, car-
diac output, oxygen consumption

E. None of the above

Tissues attempt to extract the amount of oxy-
gen required to maintain aerobic metabolism, thus
mixed-venous O, tension falls when O, delivery
(the product of cardiac output and arterial O,
content) becomes insufficient for tissue needs. As a
primary determinant of O, delivery, cardiac output
measurements often prove helpful during selection
of the appropriate PEEP level for the patient with
life-threatening hypoxemia. Depression of venous
return may nullify any beneficial effect of improved
pulmonary gas exchange on O, tissue delivery.
A rational goal of resuscitative therapy in severe
sepsis and shock is to restore balance between O,
delivery and demand, and boosting cardiac output
is fundamental to such an approach. Aggressive
goal-oriented resuscitation in the earliest phase of
management appears to improve mortality in septic
patients, whereas the literature is inconclusive as
to which patients in other clinical settings benefit
from raising cardiac output to normal or supra-
normal values.

Answer: A

Marini JJ, Wheeler AP (2006) Critical Care Medicine, The
Essentials. Lippincott Williams & Wilkins, Philadelphia,
PA.

Iberti TJ, Fischer EP, Leibowitz AB, Panacek EA, Sil-
verstein JH, Albertson TE (1990) A multicenter study
of physicians’ knowledge of the pulmonary artery catheter.
Pulmonary Artery Catheter Study Group. JAMA 264 (22),
2928-32.
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Rhodes A, Cusack RJ, Newman PJ, Grounds RM (2002)
A randomized, controlled trial of the pulmonary artery
catheter in critically ill patients. Intensive Care Medicine
28 (3), 256-64.

12. and 13. The following data are obtained from a
45-year-old man s/p motor vehicle collision with multiple
orthopedic fractures, a small subdural hemorrhage, a
grade 3 splenic laceration and multiple skin abrasions:
height 60 inches, weight 1401bs, body surface area
(BSA) 1.5m?, temperature 37.5°C, heart rate (HR)
114, mean arterial pressure (MAP) 60, pulmonary
artery pressure (PAP) 40/20, pulmonary capillary wedge
pressure (PCWP 18, central venous pressure (CVP) 10,
cardiac output (CO) 4 L/min, Hgb 10.0, FiO, 80%, pH
7.39, pCO, 40 mm Hg, pO, 70 mm Hg, Sa0, 95%,
mixed venous oxygen saturation (MVO) 75%. Assume
1.34 ml of O, per gram Hgb at 100% saturation.

12.

A. Is a measurement obtained directly from the pul-
monary artery catheter

. Can be calculated by (MAP — PCWP/CO) x 80

. Can be calculated by (SAP — PCWP/CO) x 80

. Can be calculated by (SAP — PCWP/MAP) x 80
. Can be calculated by (MAP — CVP/CO) x 80

Systemic vascular resistance:

9 o W

13. What is the systemic vascular resistance (dyne
sec/em’) of the patient in question?

A. 840

1000
1300
1900
2200

SIS ARSI

A major component of afterload is the resis-
tance to ventricular outflow in the aorta and large,
proximal arteries. The total hydraulic force that
opposes pulsatile flow is known as impedance. This
force is a combination of 2 forces: A force that
opposes the rate of change in flow, compliance and
a force that opposes mean or volumetric flow,
resistance. Vascular resistance is derived by assuming
that hydraulic resistance is analogous to electrical
resistance. Ohm’s law predicts that resistance to
flow of an electric current(R) is directly propor-

tional to the voltage drop across a circuit (E) and
inversely proportional to the flow of current (I);
R = E/I This relationship is applied to the systemic
and pulmonary circulations, creating the following
derivations:

SVR = (MAP — CVP/CO)
PVR = (MPAP — LAP/CO)

Answers: 12 E, 13 B

Harvey S, Harrison DA, Singer M (2005) Assessment of
the clinical effectiveness of pulmonary artery catheters
in management of patients in intensive care (PAC-
Man): A randomized controlled trial. PAC-Man study
collaboration. Lancet 366, 472—7.

Marino P. (2007) The ICU Book, 3rd edn, Lippincott
Williams & Wilkins, Philadelphia, PA.

Iberti TJ, Fischer EP, Leibowitz AB, Panacek EA, Sil-
verstein JH, Albertson TE (1990) A multicenter study
of physicians’ knowledge of the pulmonary artery catheter.
Pulmonary Artery Catheter Study Group. JAMA 264 (22),
2928-32.

14. A 67-year-old man is an unrestrained passenger
in a rollover motor vehicle collision and suffers multi-
ple injuries including a subdural hemorrhage without
mass effect, a grade 3 liver laceration without active
extravasation per CT imaging, and multiple orthopedic
extremity fractures. He is intubated for a decreased GCS
of 7 and admitted to the intensive care unit for further
resuscitation. His vital signs are HR 135 beats/minute, BP
105/75 mm Hg. Upon family arrival they inform you that
the patient has had a previous right pneumonectomy for
invasive lung cancer and an unknown abnormal heart
rhythm. Cardiac output monitoring may be accomplished
by all of the following except:

A. Esophageal doppler
B. Trans-esophageal echocardiography
C. Pulmonary artery catheter
D. Pulse contour waveform analysis
E. Trans-thoracic echocardiography
Relative contraindications to placement of a pul-
monary artery cathertization include: tricuspid or

pulmonary stenosis, right atrial or ventricular mass,
previous pnuemonectomy, cyanotic heart disease,



LBBB, and latex allergy. Noninvasive investiga-
tion of cardiac performance is warranted in such
patients. The esophageal doppler technique is based
on measurement of blood flow wvelocity in the
descending aorta by means of a doppler transducer
(4 MHz continuous or 5 MHz pulsed wave, accord-
ing to the type of device) at the tip of a flexi-
ble probe. Measurement of stroke volume using
esophageal doppler is derived from the well estab-
lished principles of stroke volume measurement in
the left ventricular outflow tract using transtho-
racic echo and doppler. Calculation of SV by pulse
contour technology is based on the contribution
of pulse pressure to SV being proportional to the
standard deviation of arterial pulse pressure.

Answer: C

Berton C, Cholley B (2002) Equipment review: new
techniques for output
oesophageal Doppler, Fick principle using carbon
dioxide, and pulse contour analysis. Critical Care 6 (3),
216-21.

Chittock DR, Dhingra VK, Ronco JJ (2004) Severity of
illness and risk of death associated with pulmonary
artery catheter use. Critical Care Medicine 32 (4), 911-15.

cardiac measurement—

15. 4 64-year-old man is admitted to the SICU follow-
ing a segmental small bowel resection for ischemia related
to a CHF exacerbation and subsequent low flow state.
The patient has a pulmonary artery catheter placed along
with an arterial line. He undergoes successful resection
and has a temporary abdominal dressing in place for
a planned second look operation. The normalization of
which of the following is most consistent with successful
fluid resuscitation?

A. Hemoglobin
B. Lactate
C. Basic natriuretic peptide
D. Serum CO,
E. Serum creatinine
Blood lactate levels help determine whether oxy-
gen delivery is adequate for the needs of aer-
obic metabolism. Adding lactate determinations

to oxygen transport monitoring provides a more
complete assessment of tissue oxygen balance. In
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one study, patients were randomly allocated to
two groups. In the lactate group, treatment was
guided by serial lactate levels with the objective to
decrease lactate by 20% or more from the admis-
sion value every 2 hours for the initial 8 hours
of ICU stay. In the control group, the treatment
team had no knowledge of lactate levels (except
for the admission value) during this period. In the
lactate group, sequential organ failure assessment
(SOFA) scores were lower between 9 and 72 hours,
inotropes were discontinued earlier, and patients
were weaned from mechanical ventilation and dis-
charged from the ICU earlier. Lactate-guided ther-
apy significantly reduced hospital mortality when
adjusting for predefined risk factors.

Answer B

Jansen T, Bommel J, Schoonderbeek F, et al. (2010) Early
lactate-guided therapy in intensive care unit patients:
a multicenter, open-label, randomized controlled trial.
American Journal of Respiratory and Critical Care Medicine
182 (6), 752-61.

Husain FA, Martin MJ, Mullenix PS, et al. (2003) Serum
lactate and base deficit as predictors of mortality
and morbidity. American Journal of Surgery 185 (5),
485-91.

Rivers E, Nguyen B, Havstad S (2001) Early goal directed
therapy in the treatment of severe sepsis and septic
shock. New England Journal of Medicine 345 (19),
1368-77.

16. Several factors cause peripheral pulse oximetry
monitors to lose accuracy. All of the following are exam-
ples of these factors except?

A. Sickle cell anemia
B. Acute blood loss anemia
C. Carboxyhemoglobin and methemoglobin
D. Motion
E. Ambient light

Sickle-cell anemia, causing deformation of
hemoglobin and decreasing flow through the
microcirculation, may cause an overestimation of
readings. The clinical significance of these readings

is often downplayed in most studies. Acute blood-
loss anemia, by itself, seems to have no atfect on
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oximetry readings. Most peripheral sensors use two
wavelengths of light: those associated with oxy-
genated and deoxygenated hemoglobin. The pres-
ence of carboxyhemoglobin and methemoglobin,
which have differing specific wavelengths, cause
an overestimation of oxygen saturation. Motion
artifact has long been a reason for inaccuracy with
peripheral sensors, and despite several attempts
at correction, this remains a common cause for
alarms that are not associated with actual patient
decline. Other causes of pulse oximetry inaccuracy
include methylene blue, indocyanine green, indigo
carmine (low readings), and black, blue, or green
nail polish.

Answer: B

Barker SH, Tremper KK, Hyatt J (1989) Effects of methe-
moglobinemia on pulse oximetry and mixed-venous
oximetry. Anesthesiology 70, 112.

Jay GD, Hughes L, Renzi FP (1994) Pulse oximetry is
accurate in acute anemia from hemorrhage. Annals of
Emergency Medicine 24, 32.

Ortiz FO, Aldrich TK, Nagel RL, ef al. (1999) Accuracy of
pulse oximetry in sickle cell disease. American Journal of
Respiratory Critical Care Medicine 159, 447.

17. A 64-year-old man with diabetes mellitus, periph-
eral vascular disease, chronic obstructive pulmonary dis-
ease, and coronary artery disease with an 80-pack per
year history of smoking is admitted to the SICU with sepsis
from a presumed infection in his right lower extremity. A
guillotine amputation is performed below-the-knee with
application of a negative pressure dressing. The patient
is begun on IV fluid resuscitation and IV antimicrobials.
A central venous catheter is placed to monitor CVP and
guide fluid resuscitation. Multiple attempts at arterial line
cannulation are unsuccessful and finally a left femoral
artery catheter is successful placed. In relation to place-
ment of an arterial line catheter, all of the following occur
as the distance from the heart increases except:

A. The waveform narrows
The dicrotic notch becomes smaller
The systolic pressure rises

The diastolic pressure rises
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The pulse pressure rises

The placement of arterial catheters permits reli-
able and continuous monitoring of arterial pres-
sure and easy repeated blood sampling. Analysis
of the arterial pulse pressure curve also may have
other applications, including assessment of fluid
responsiveness and estimation of cardiac output.
The appearance of arterial pressure waves will
vary according to the site at which the artery is
cannulated. As the arterial pressure wave is con-
ducted away from the heart multiple effects can be
observed: (1) the wave appears narrower; (2) the
dicrotic notch becomes smaller; (3) the perceived
systolic and pulse pressure rise and the perceived
diastolic pressure falls. The pulse pressure increases
from the core to the periphery. The smaller the
diameter of the artery, the more the systolic pres-
sure is overestimated.

Answer: D

De Backer D, Heenen S, Piagnerelli M, et al. (2005) Pulse
pressure variations to predict volume responsiveness:
Influence of tidal volume. Intensive Care Medicine 31 (4),
517-23.

Martin C, Saux P, Papazian L, Gouin F (2001) Long Term
Arterial cannulation in ICU patients using the radial
artery or the dorsalis pedis artery. Chest 119 (3), 901-6.

Parrillo J, Dellinger R. (2008) Critical Care Medicine: Prin-
ciples of Diagnosis and Management in the Adult. 3rd edn.
Mosby/Elsevier, Philadelphia, PA.

18. A I5-year-old girl is injured in a motor vehicle
collision and is intubated on scene secondary to decreased
GCS. She suffers a grade 2 splenic laceration, a grade 1
liver laceration, multiple pelvic fractures, a right femur
fracture, a small left occipital subdural hematoma with-
out mass lesion effect and multiple right-sided nondis-
placed rib fractures. An external fixation device is used
on both the pelvis and femur fractures to provide sta-
bilization. She is hemodynamically stable with a HR of
96 beats/minute, BP 110/75 mm Hg, Sa0, 100% with a
set respiratory rate of 14 on pressure control ventilation.
She is admitted to the SICU for further resuscitation. A
right radial artery catheter is placed along with a right
subclavian vein triple lumen catheter. CVP is transduced
to help guide fluid resuscitation. All of the following can
induce variability of CVP interpretation except:

A. Body position

B. Changes in thoracic pressure



C. Spontaneous variations
D. Manometer pressures

E. Internal jugular versus subclavian vein insertion site

CVP is identical to right atrial pressure and
to right ventricular end diastolic pressure. It is
thus equivalent to the right-sided filling pressure.
Analysis of the CVP waveform can provide some
interesting information. Typically the a wave is
greater than or equal to the v wave in the CVP
tracing of a normal person. The presence of a large
y descent indicates restriction of right ventricular
filling; this can be due to intrinsic stiffness of
the ventricular wall or occur in a ventricle that
is excessively volume loaded. In either case, fur-
ther volume loading is unlikely to change cardiac
output. Loss of the x and y descent argues strongly
for tamponade, whereas the presence of a promi-
nent y descent argues against tamponade. The x

Central venous pressure waveforms.

Source: Reproduced from http://www.healthsystem.virgi
nia.edu/internet/anesthesiology-elective/cardiac/cvpwave
.cfm by permission of the University of Virginia School of
Medicine.
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and y descents are lost in tamponade because the
pericardial fluid keeps the pressure inside the peri-
cardium constant. Patients who have no inspiratory
fall in CVP are on the flat part of their cardiac func-
tion curve and will not respond to fluids whereas
patients who have an inspiratory fall in CVP are on
the ascending part of the cardiac function curve and
may or may not respond to fluids.

e a wave: This wave is due to the increased atrial
pressure during right atrial contraction. It correlates
with the P wave on an EKG.

e ¢ wave: This wave is caused by a slight elevation
of the tricuspid valve into the right atrium during
early ventricular contraction. It correlates with the
end of the QRS segment on an EKG.

e x descent: This wave is probably caused by
the downward movement of the ventricle during
systolic contraction. It occurs before the T wave on
an EKG.

e v wave: This wave arises from the pressure
produced when the blood filling the right atrium
comes up against a closed tricuspid valve. It occurs
as the T wave is ending on an EKG.

e y descent: This wave is produced by the tricus-
pid valve opening in diastole with blood flowing
into the right ventricle. It occurs before the P wave
on an EKG.

Answer: E

Cook DJ, Simel DJ (1996) The rational clinical examina-
tion: does this patient have abnormal central venous
pressure? Journal of the American Medical Association 275
(8), 630—4.

Joynt G, Gomersall C, Buckley T, Oh T, Young R, Free-
bairn R (1996) Comparison of intra-thoracic and intra-
abdominal measurements of central venous pressure.
Lancet 347 (9009), 1155-7.

Magder S (2006) Central venous pressure monitoring.
Current Opinion in Critical Care 12 (3), 219-27.



Chapter 6 Airway Management,
Anesthesia, and Perioperative

Management

Jeffrey P. Coughenour, MD, FACS and Stephen L. Barnes, MD, FACS

1. A 55-year-old man is admitted to the ICU with
blunt chest trauma and multiple rib fractures. The
patient develops progressive hypoxemia. Prior to medica-
tion administration to facilitate endotracheal intubation,
what factors predict difficulty of bag-mask ventilation?

A. Body mass index
. Lack of dentation
Age

. History of snoring or sleep apnea
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. All of the above

Effective oxygenation and ventilation may be
difficult or impossible in some patients. Langeron
and colleagues described several factors predictive
of difficult or ineffective bag-mask ventilation: Age
>55, body mass index >26 kg/m?, beard, lack of
teeth, and a history of snoring. Difficult bag-mask
ventilation was also associated with difficult endo-
tracheal intubation. Clinicians should be aware of
these easily identifiable factors as they prepare
personnel and equipment for airway management
procedures, and should be familiar with failed air-
way alternatives. Use of a laryngeal mask airway
(LMA), fiber-optic equipment, or surgical airway
methods may be required.

Answer: E

Langeron O, Masso E, Huraux C (2000) Prediction of
difficult mask ventilation. Anesthesiology 92, 1229.
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2. Concerning the Mallampati classification of upper
airway assessment, which of the following is correct?

A. Mallampati first described four classifications of air-
way visualization to predict difficulty of direct laryn-
goscopy

B. Modifications to the original Mallampati classification
simplified its clinical application

C. The classification method is accurately predictive of
difficult airway management

D. The Mallampati classification, while useful, carries a
high false-positive rate and should be supplemented
with a careful oral and neck examination

E. The Mallampati classification has little utilization
outside the operating room setting

The Mallampati classification was first described
in 1985 as a method to predict difficult endotra-
cheal intubation using direct laryngoscopy. With
the mouth open and tongue protruded, the visi-
bility of the uvula and faucial pillars is assessed.
Class I, or visualization of the entire pillars and
uvula, correlates with full visualization of the lar-
ynx and vocal cords. Class II is an approximate 50%
view of these same structures. Class III, in which
only the base of the uvula can be seen, suggests a
partial view of the larynx but no visualization of the
true vocal cords. Class IV was not a part of the orig-
inal evaluation scheme; it was subsequently added
to describe patients that could not be intubated
with direct laryngoscopy. Modifications of the orig-
inal classification scheme added physical charac-
teristics or degree of medical illness in an attempt
to improve accuracy. Unfortunately, these complex
algorithms appear to result in high false-positive
rates of predicting difficulty (as high as 50% in
some series). Other factors to consider beyond



Airway Management, Anesthesia, and Perioperative Management 63

basic upper airway assessment include cervical
spine mobility, dentation, thyromental distance,
and a history of previous difficult endotracheal
intubation.

Answer: D

Mallampati SR, Gatt SP, Gugino LD, et al. (1985) A
clinical sign to predict difficult tracheal intubation: a
prospective study. Canadian Anaesthetists Society Journal
32, 429.

El-Ganzouri AR, McCarthy RJ, Tuman KJ, et al. (1996)
Preoperative airway assessment predictive value of a
multivariate risk index. Amnesthesia and Analgesia 82,
1197.

3. A 47-year-old man with an unremarkable past
medical history is referred to you for right groin pain.
Exam reveals a mildly painful, reducible inguinal hernia.
Prior to surgery, what perioperative testing (if any) is
indicated?

A. No testing is indicated

CBC, electrolyte panel, and urinalysis
CBC only

12-lead EKG, chest radiograph
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Electrolytes and evaluation of renal function

Many surgeons, anesthesiologists, and certainly
administrators believe perioperative testing is one
way to avoid unnecessary complications during
surgical procedures. In fact, nearly 50-60% of
perioperative tests could be eliminated without
additional risk to patients or providers. When a
careful history and physical suggest no underly-
ing medical conditions, no testing is indicated for
patients younger than 40 years of age. In patients
above 40, selected studies may be beneficial, and
are listed as follows: if patient age >40, CBC;
>50, BUN/creatinine and 12-lead EKG; >60, chest
radiograph and electrolytes. In 2007, the American
Heart Association published perioperative testing
guidelines based on a patient’s underlying func-
tional status. This represents the most comprehen-
sive, evidence-based guide to risk assessment for
non-cardiac surgery.

Answer: C

Macpherson DS (1993) Preoperative lab testing: should
any tests be routine before surgery? Medical Clinics of
North America 77, 289-308.

Perioperative Medical Therapy (2007) ACC/AHA 2007
Guidelines on Perioperative Cardiovascular Evalution
and Care for Noncardiac Surgery: Executive Summary.
Circulation 116, 1971-96.

4. A 25-year-old man is found down in the street.
There is no obvious trauma on rapid assessment. He is
minimally responsive as paramedics prepare to intubate
him for airway protection. The natural cardiovascular
response to direct laryngoscopy is:

A. Hypertension and bradycardia
. Hypertension and tachycardia
. Hypotension and tachycardia

. Hypotension and bradycardia

M 9 o W

. No significant cardiovascular response is expected

The upper airway contains significant innerva-
tion from both the sympathetic and parasympa-
thetic systems. During laryngoscopy, propriocep-
tors at the tongue base stimulate catecholamine
release, leading to hypertension and tachycar-
dia. Receptors in the larynx and trachea may
also contribute. These physiologic changes may also
lead to increased myocardial oxygen use and
peripheral oxygen consumption; both detrimental
effects that may increase morbidity or mortality
in patients with post-traumatic shock or traumatic
brain injury.

Answer: B

Hassan HG, El-Sharkawy TY, Renck H, ef al. (1991)
Hemodynamic and catecholamine responses to laryn-
goscopy with vs. without endotracheal intubation. Acta
Anaesthesiologia Scandanavica 35, 442.

Shribman AJ, Smith G, Achola KJ (1987) Cardiovascular
and catecholamine responses to laryngoscopy with and
without tracheal intubation. British Journal of Anaesthe-
sia 59, 295.
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5. After intubating the patient in the previous question,
a colorimetric carbon dioxide detection device is used to
confirm tube placement. Situations which may render
this method ineffective and unreliable include all of the
following except:

A. Persistent shock with a pH <7.0
. Significant antacid use
. Diminished pulmonary blood flow

. Cardiopulmonary arrest

oM O o W

. Ingestion of carbonated beverages

Qualitative colorimetic carbon dioxide detection
devices are often employed in the pre-hospital
environment because of their low cost and durabil-
ity. Assuming carbon dioxide is detected after ven-
tilation of the airway, several things can alter accu-
racy of these devices. Acid-base disorders, while
affecting the patient’s overall physiology, should
not have an effect on the device itself. Antacids
convert sodium bicarbonate to carbon dioxide
in the stomach and may create a false-positive
result. Diminished pulmonary blood flow means
diminished alveolar gas exchange, and thus lower
amounts of CO, available for detection. Acute
pulmonary embolus, cardiopulmonary arrest, or
profound shock with hypoperfusion may render
the device useless. Large amounts of carbonated
beverages contain high amounts of carbon dioxide
and can also provide false assurance about a mis-
placed tube. The astute clinician employs several
methods to confirm correct tube placement and
will avoid potentially devastating consequences.

Answer: A

Sum Ping ST, Mehta MP, Symreng T (1991) Reliability
of capnography in identifying esophageal intubation
with carbonated beverage or antacid in the stomach.
Anesthesia and Analgesia 73, 333.

Falk JL, Rackow EC, Weil MH (1994) End-tidal carbon
dioxide concentration during cardiopulmonary resusci-
tation. New England Journal of Medicine 12, 413.

6. A 58-year-old man suffers a distal tibia fracture
in a motorcycle crash and is admitted to the orthopedic
service. Three days later the orthopedic surgeon plan-
ning operative repair stops you in the lounge to ask if

beta-blocker therapy would be beneficial. Your response
should be:

A. Beta-blocker therapy has been proven to reduce risk in
patients of all ages undergoing non-cardiac surgery

B. Beta-blocker therapy only benefits patients over 65,
and is therefore not indicated

C. While the evidence is not definitive, it strongly supports
beta-blocker therapy as early as possible before an
intermediate-risk operation

D. This patient is low risk, thus beta-blocker therapy is
not indicated

E. This patient is high risk, the operation should be
delayed until the patient completes at least five (5) days
of perioperative beta-blockade therapy

Recent randomized trials have failed to repro-
duce the initial favorable results supporting the
use of beta-blocker therapy in noncardiac surgery.
Many studies lack adequate power but, when taken
as a whole, the recommendations continue to
“strongly suggest” benefit. Specifically, a reduction
in perioperative ischemia, MI, and death may be
seen in patients with known coronary artery dis-
ease. Therapy should be initiated days to weeks
prior to planned operations, and long-acting beta-
blockade agents may hold additional benefit over
shorter acting alternatives. Orthopedic surgical pro-
cedures fall in the intermediate risk category.

Answer: C

Juul AB, Wetterslev J, Gluud C, et al. (2006) Effect of
perioperative beta blockade in patients with diabetes
undergoing major non-cardiac surgery: randomized
placebo controlled, blinded multicentre trial. British
Medical Journal 332, 1482.

Perioperative Medical Therapy, ACC/AHA (2007) Guide-
lines on perioperative cardiovascular evaluation and
care for noncardiac surgery: executive summary. Cir-
culation 116, 1971-96.

Redelmeier D, Scales D, Kopp A (2005) Beta blockers for
elective surgery in elderly patients: population based,
retrospective cohort study. British Medical Journal 331,
932.

7. An elderly woman falls from standing height and
suffers a traumatic brain injury. While she has known
coronary artery disease, she has not required stent place-
ment or bypass surgery. On hospital day 6, she complains
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of chest pain and has ECG changes consistent with an
acute MI. After moving to the ICU, she quickly deteriorates
and suffers cardiac arrest. Her home medication list,
which was never restarted, consisted of aspirin, atorvas-
tatin, warfarin, and lisinopril. Which medication is most
likely related to her acute cardiac event?

A. Aspirin
B. Atorvastatin

C. Warfarin

D. Lisinopril

E. Aspirin and warfarin

By an incompletely understood mechanism,
statin use in the perioperative or injury phase
relays a protective effect (plaque stabilization is
the most widely accepted theory). Hindler and
colleagues, through a meta-analysis, demonstrated
a 44% reduction in mortality. Other investigators
demonstrated postoperative statin withdrawal was
an independent predictor of myonecrosis. Com-
plications began to manifest in patients as early
as four (4) days after drug cessation, thus statins
should be resumed as early as possible after oper-
ation or injury. In contrast, management of the
other medications listed is often driven by surgeon
or institutional practice, as little evidence exists
to guide decision making. Antiplatelet agents are
usually held for two weeks after a TBI, warfarin use
may depend on the extent or location of injury, and
ACE-inhibitors should be tailored to the patient’s
hemodynamic and renal function assessment fol-
lowing injury.

Answer: B

Hindler K. Shaw AD, Samuels J, Fulton S, ef al. (2006)
Improved postoperative outcomes associated with pre-
operative statin therapy. Anesthesiology 105, 1260-72.

Le Manach Y, Godet G, Coriat P, et al. (2007) The impact
of postoperative discontinuation or continuation of
chronic statin therapy on cardiac outcome after major
vascular surgery. Anesthesia and Analgesia 104, 1326-33.

8. Regarding the perioperative use of pulmonary artery
catheters, which is correct?

A. No benefit to routine use

B. Controlled trials show equivocal results

C. Some studies suggest potential harm
D. All of the above

E. None of the above

While pulmonary artery (PA) catheters provide
advanced hemodynamic measures, clinicians may
or may not possess the expertise to interpret
and correctly act on the information to maximize
patient benefit. Catheters should be reserved for
high-risk patients. Controlled trials have shown
equivocal results and the last citation showed
potential harm. There is a growing amount of liter-
ature to support the use of continuous cardiac out-
put evaluation using peripheral arterial catheters
and/or ultrasound evaluation of vena cava size and
respiratory variation as alternatives to assess vol-
ume status and responsiveness in the ICU setting.
Utilization of a PA catheter should be guided by
provider skill and institutional practice.

Answer: D

American Society of Anesthesiologists Task Force on Pul-
monary Artery Catheterization (2003) Practice guide-
lines for pulmonary artery catheterization: an updated
report by the American Society of Anesthesiologists
Task Force on Pulmonary Artery Catheterization. Anes-
thesiology 99, 988-1014.

Tote SP, Grounds RM (206) Performing perioperative
optimization of the high-risk surgical patient. British
Journal of Anaesthesiology 97, 4-11.

Connors AF Jr, Speroff T, Dawson NV, et al. (1996) The
effectiveness of right heart catheterization in the initial
care of critically ill patients. SUPPORT Investigators,
Journal of the American Medical Association 276, 889-97.

9. The critical care fellow has ordered an echocardio-
gram to evaluate the left ventricular function of a 69-year-
old man admitted to your ICU for “medical optimization”
before a right hemicolectomy for a cecal mass. The family
relays a significant history of coronary disease. He is often
short of breath after walking back from the mailbox, but
improves with rest and is stable on his home antihyper-
tensives and diuretics. In this situation, the echo is:

A. Indicated and likely to yield information to guide care

B. Indicated but unlikely to yield information to guide
care

C. Not indicated for this patient
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D. Not indicated, but the patient’s condition mandates
intraoperative use of a pulmonary artery catheter

E. Not indicated, regardless of functional assessment

This clinical scenario describes a patient with
stable heart failure. Patients with dyspnea of
unknown origin or those with previous heart fail-
ure and new or worsening dyspnea (or other sig-
nificant clinical change) should undergo preopera-
tive evaluation of left ventricular (LV) function. If
studies were preformed within 12 months of the
planned operative date, new testing may not be
necessary. Those without symptoms, even if there
is a known history of CAD and/or heart failure, do
not need mandated LV function assessment prior to
proceeding to surgery (Class IIa and IIb evidence).

Answer: C

Fleisher LA, Beckman JA, Brown KA, et al. (2007) Recom-
mendations for perioperative noninvasive evaluation
of left ventricular function, ACC/AHA 2007 guidelines
on perioperative cardiovascular evaluation and care
for noncardiac surgery: executive summary. Circulation
116, 1971-96.

10. A 24-year-old woman is 15 weeks pregnant. She
comes to the emergency department with a 36-hour his-
tory of abdominal pain and is diagnosed with appendici-
tis. You spend considerable time discussing the treatment
plan with the anesthesiologist because of your extensive
review of the literature regarding airway management in
pregnant patients. All of the following are true except:

A. Higher complication rates, but no change in mortality

B. Relaxation of bronchial smooth muscle and relaxation
of the upper esophageal sphincter

C. Functional residual capacity is decreased

D. Baseline oxygen consumption is increased, causing
higher risk for hypoxemia

E. None of the above—all statements are correct

Failed intubation may occur eight times as often
as in the non-pregnant population. Mortality has
also been reported as 13-15 times higher, often
associated with general anesthesia and the inability
to place an airway. Increased levels of circulating

progesterone cause relaxation of bronchial smooth
muscle and minute ventilation is increased. Despite
these favorable changes, the pregnant patient is at
high risk for developing hypoxemia during intu-
bation. Functional residual capacity is decreased,
because of the gravid uterus, and this etfect pro-
gresses as the fetus grows. Baseline oxygen con-
sumption is also increased. Progesterone also slows
gastric motility and relaxes the upper esophageal
sphincter, making the pregnant patient prone to
aspiration. Early oxygenation, assurance of gas-
tric decompression, proper patient positioning, and
thorough preoperative assessment are necessary to
minimize potential complications.

Answer: A

Rasmussen GE, Malinow AM (1994) Toward reducing
maternal mortality: the problem airway in obstetrics.
International Anesthiology Clinics 32, 83.

Rizk NW, Kalassian KG, Gilligan T, ef al. (1996) Obstetric
complications in pulmonary and critical care medicine.
Chest 110, 791.

11.  Asthe associate medical director for your hospital’s
air ambulance program, the chief flight nurse has asked
you to review the pharmacologic guidelines for airway
management in brain injured patients. After review of
the protocol and existing literature, which drug are you
going to suggest be used during rapid-sequence induction
of patients with a traumatic brain injury?

A. Midazolam
. Propofol
. Etomidate

. Both A. and B.

M U o W

. All of the above

While each induction agent is acceptable, mida-
zolam and propofol possess certain effects that
make them less desirable in the specific clinical
setting of traumatic brain injury. At the standard
induction dose of 0.2 mg/kg, midazolam can cause
moderate hypotension, decreasing blood pressure
an average of 15-25%. Propofol causes a similar
decrease in mean arterial pressure, thus decreas-
ing cerebral perfusion pressure and potentially
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causing secondary brain injury. Etomidate is a good
alternative, especially for the hemodynamically
unstable, as it has little if any cardiovascular effect.
Single induction doses have been associated with
decreased plasma cortisol levels, but the clinical sig-
nificance of this effect is difficult to define outside
the setting of septic shock. Ketamine is another
good alternative, with few adverse hemodynamic
effects and historical concerns of ICP elevation
unfounded in contemporary literature.

Answer: C

Nordt SP, Clark RF (1997) Midazolam: a review of ther-
apeutic uses and toxicity. Journal of Emergency Medicine
15 (3), 357-65.

Steiner LA, Johnston AJ, Chatfield DA, ef al. (2003) The
effects of large-dose propofol on cerebrovascular pres-
sure autoregulation in head-injured patients. Anesthesia
and Analgesia 97 (2), 572-6.

Zed PJ, Abu-Laban RB, Harrison DW (2006) Intubating
conditions and hemodynamic effects of etomidate for
rapid sequence intubation in the emergency depart-
ment: an observational cohort study. Academic Emer-
gency Medicine 13 (4), 378-83.

12. A 45-year-old man is scheduled to undergo an
open ventral herniorrhaphy 12 months after damage-
control surgery for a grade 4 liver injury. He smokes
I to 2 packs per day, takes two agents to control his
hypertension, and uses an assist device for ambulation.
The correct American Society of Anesthesiologists (ASA)
classification for this patient and this operation is:

A 2
B. 2E
C 3
D. 3E
E. 4

The American Society of Anesthesiologists (orig-
inally the American Society of Anesthetists) devel-
oped this simple scale to describe the degree of
a patient’s medical illness. The numeric system
was designed to ease communication between
providers, provide a common language for docu-
mentation, and ease data abstraction for research.

Because of variation among providers, it should

not be used as the sole determinant of patient

status and is not meant to act as an evaluation of
perioperative risk.

ASA 1: Healthy patient; excludes extremes of age, good
exercise tolerance.

ASA 2: Mild systemic disease, well controlled disease
of one body system without functional limitations;
controlled hypertension, smoking without COPD, mild
obesity, pregnancy.

ASA 3: Severe systemic disease, controlled disease of more
than one body system or one major system, often with
some degree of functional limitation; no immediate
danger of death; controlled congestive heart failure
(CHF), poorly controlled hypertension, morbid obesity,
etc.

ASA 4: Severe systemic disease, at least one severe disease
that is poorly controlled or at end stage; possible risk
of death; unstable angina, symptomatic COPD, symp-
tomatic CHF, hepatorenal failure.

ASA 5: Moribund patients not expected to survive
>24 hours without surgery; imminent risk of death;
multiorgan failure, sepsis syndrome with hemodynamic
instability, hypothermia, coagulopathy.

ASA 6: Brain dead patients undergoing organ or tissue
procurement procedures for transplantation.

An “E” is added to any case designated emergent.

Answer: C

ASA Physical Status Classification System, American Soci-
ety of Anesthesiologists, available at www.asahq.org
(accessed September 25, 2010).

Haynes SR, Lawler PG (1995) An assessment of the con-
sistency of ASA physical status classification allocation.
Anaesthesia 50(3), 195-9.

13. 4 patient with extremity fractures and an open
abdomen develops sudden hypoxemia. A chest radiograph
shows a new right lower lobar collapse. Propofol is
selected to facilitate flexible bronchoscopy and directed
bronchoalveolar lavage. Concerning the use of propofol in
the ICU, which of the following statements is incorrect?

A. ASA guidelines recommend only anesthesia providers
utilize propofol, even in the ICU setting

B. Propofol can have rapid, dose-dependent variations in
sedation/anesthetic affect
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C. Because bronchoscopy is a minimally invasive proce-
dure, the surgeon performing bronchoscopy can safely
direct propofol dosing, administration, and monitor-
ing by the ICU nursing staff

D. Myocardial depression and hypotension are known
side effects

E. None of the above—all are correct statements

Propofol is a general anesthetic agent, and is
preferably administered by an anesthesia provider,
however qualified non-anesthesia personnel can
safely use the drug in the critical-care setting.
Propofol is used to facilitate airway management
or other invasive procedures, but rapid varia-
tions in sedation/anesthetic depth and hemody-
namic alterations make adequate preparation vital
to assure optimal outcomes. After a careful his-
tory, physical examination, and review of current
medications and allergies, physiologic parameters
should be continuously monitored (heart rate,
blood pressure, oxygenation, and ventilation). A
single provider, not involved in the planned proce-
dure, should direct the administration of sedative
agents and monitor for potential complications.
Proficiency in life saving (or sustaining) maneu-
vers for common complications (hypoventilation,
hypoxemia, hypotension) is necessary, and the
provider should remain in this role throughout the
procedure and recovery period.

Answer: C

American Society of Anesthesiologists, Statement on Safe
Use of Propofol, available at www.asahq.org (accessed
September 20, 2010).

14. In the previous question, propofol was used by the
ICU team during an endoscopic procedure to clear an
acute lobar collapse. During the procedure, the patient
would not awaken or move purposefully. Shortly after
completion, he slowly returned to his baseline mental
state, responding appropriately and following commands.
There were no hemodynamic complications. What type of
sedation did this patient receive?

A. Minimal sedation

B. Moderate sedation

C. Deep sedation
D. Conscious sedation

E. General anesthesia

The defining lines of levels of sedation and anal-
gesia in the ICU can be blurred, especially when
patients may have differing responses to medica-
tions. Patients may go “deeper” than intended, thus
necessitating preparedness to deal with potential
complications. Generally accepted definitions are as
follows:

Minimal sedation—anxiolysis, the patient maintains a
normal response to questions; airway patency, ade-
quate ventilation, and hemodynamics are not affected.

Moderate sedation—normal, purposeful response to ver-
bal or light tactile stimulus; airway patency, adequate
ventilation, and hemodynamics are unlikely to be
affected.

Deep sedation—purposeful response only after repeated
verbal or painful stimulus; airway patency and ade-
quate ventilation may be an issue, hemodynamics usu-
ally preserved.

General anesthesia—loss of consciousness, no purpose-
ful response; airway maneuvers are likely required,
ventilation likely needs assistance, hemodynamics may
require attention.

Answer: E

American Society of Anesthesiologists. Continuum of
Depth of Sedation: Definition of General Anesthe-
sia and Levels of Sedation/Analgesia, available at
www.asahq.org (accessed September 20, 2010).

15. About one week ago, a young man was thrown
from a car and suffered blunt chest trauma with severe
pulmonary contusions. He was originally admitted to
a community hospital, and has now been transferred
to your ICU with suspected ventilator-associated pneu-
monia. He has been started on antimicrobials and
methyprednisolone for suspected critical-illness related
corticosteroid insufficiency. Ventilation and oxygenation
became increasingly difficult, so the team initiated neuro-
muscular blockade and prone positioning. Concerning the
use of neuromuscular blockade agents in the ICU, which
of the following is incorrect?
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A. Indications include facilitation of mechanical venti-
lation, managing increased ICP, treatment of muscle
spasms, and decreasing oxygen consumption

B. Patients requiring external cooling for fevers >40°C
may benefit from NMBAs

C. Patients should be monitored clinically and by TOF
(train-of-four) testing, with the goal of one or two
twitches

D. There is no correlation between corticosteroids and
NMBAs in the development of polyneuropathy

E. Development of tachyphylaxis to one NMBA is not a
contraindication to trying a second agent, assuming
NMB is still required

Neuromuscular blockade in the ICU may be
required for the most severely ill or injured. Assur-
ance of adequate sedation and analgesia is a pre-
requisite prior to initiation of NMBAs. Commonly
accepted indications include attempts to improve
ventilation/oxygenation, treating persistent ICP

elevations, muscle spasms associated with tetanus,
seizures, or drug overdose, and decreasing elevated
oxygen consumption. Attempts to externally cool
significantly febrile patients may produce shivering,
and thus increase oxygen consumption—NMBAS
can be employed to counteract this effect. Clinical
assessment and train-of-four testing are required.
The goal is to use as little agent as possible while
maintaining one or two twitches. Daily interrup-
tions and resuming NMBAs only in patients with
continued indications is best. Several neuromus-
cular blockade agents have been implicated in
the development of diffuse muscle weakness, fiber
atrophy, and occasionally myonecrosis. An associ-
ation with steroid administration exists, with the
incidence of myopathy as high as 30% in patients
also receiving corticosteroids. It does appear safe
to try another NMBA when patients develop-
ment tachyphylaxis. Despite relatively safe utiliza-
tion guidelines, it remains in the patient’s best
interest to minimize the dose and duration of
therapy.

Cisatracurium

Pancuronium

Vecuronium

Rocuronium

(Nimbex) (Pavulon) (Norcuron) (Zemuron)
Initial dose (mg/kg) 0.1-0.2 0.06-0.1 0.08-0.1 0.6-1
Duration (min) 45-60 90-100 35-45 30
Infusion described Yes Yes Yes Yes
Infusion dose (.g/kg/min) 2.5-3 1-2 0.8-1.2 10-12
Recovery (min) 90 120-180 45-60 20-30
% Renal excretion Hofmann 45-70 50 33
elimination
Renal failure No change Increased effect Increased Minimal
effect
% Biliary excretion Hofmann 10-15 35-50 <75
elimination
Hepatic failure Minimal to no Mild increased Variable, mild Moderate
change effect
Active metabolites No Yes, 3-OH and Yes, No
17-OH 3-desacetyl-
pancuronium vecuronium
Histamine release hypotension No No No No
Vagal block tachycardia No Yes No At higher
doses
Ganglionic blockade hypotension No No No No

Source: Adapted from Table 1, Clinical practice guidelines for sustained neuromuscular blockade in the adult critically ill
patient. Critical Care Medicine 2002; 30, 142-56.
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Answer: D

Murray MJ, Cowen J, DeBlock H, ef al. (2002) Clinical
practice guidelines for sustained neuromuscular block-
ade in the adult critically ill patient. Critical Care Medicine
30, 142-56.

16. An emergency medicine faculty member at your
institution requires cholecystectomy for recent gallstone-
associated pancreatitis. He is taking a beta-blocker and
calcium-channel blocker for hypertension. His perioper-
ative evaluation did not reveal any hypertensive compli-
cations. In the pre-op holding area his blood pressure is
180/118. You should:

A. Cancel the case, admit the patient for parenteral
antihypertensive therapy

B. Cancel the case, reschedule only after the patient has
seen his primary care physician

C. Proceed only after administering parenteral beta-
blockade

D. Proceed after a discussion with the patient and anes-
thesia team, understanding the patient would likely
benefit most from undergoing the operation (and
avoiding recurrent pancreatitis) and making subtle
adjustments to his chronic antihypertensive therapy as
warranted

E. Make no changes to his medication regimen, the
hypertension is probably related to pain

This case describes a patient with long-standing
hypertension, who has a fairly urgent (although
not emergent) reason for an operation. This is not
a hypertensive urgency/emergency, thus admission
is not warranted. Patients with significant hyper-
tension (SBP >180mm Hg or DBP >110 mm Hg)
require careful assessment of the risks and benefits
of proceeding with any planned operation. Addi-
tional adjustment of chronic therapy may benefit
patients prior to proceeding. This decision is likely
made on a case-by-case basis, with one randomized
trial showing no benefit to delaying operations in
patients without end-organ damage. As a general
rule, antihypertensive medications should be con-
tinued to the operative date and resumed as soon
as deemed safe. Exceptions include ACE inhibitors
and angiotensin receptor antagonists, where peri-
operative volume depletion may exacerbate the

risk of renal dysfunction. Sudden decreases in
chronically elevated blood pressure, as in choice c,
may have unintended consequences such as dimin-
ished myocardial perfusion, increasing the risk for
ischemia.

Answer: D

Fleisher LA, Beckman JA, Brown KA, et al. (2007)
Disease-Specific Approaches—Hypertension, ACC/AHA
2007 guidelines on perioperative cardiovascular evalu-
ation and care for noncardiac surgery: executive sum-
mary. Circulation 116, 1971-96.

Weksler N, Klein M, Szendro G, et al. (2003) The dilemma
of immediate preoperative hypertension: to treat and
operate, or to postpone surgery? Journal of Clinical
Anesthesia 15, 179-83.

17. The charge nurse frantically calls you to the ICU.
The residents have appropriately sedated a patient with
progressive pulmonary insufficiency, but have thus far
been unable to intubate him. After three failed attempts
at direct laryngoscopy, the next maneuver may be:

A. Change to a different blade and reattempt direct laryn-
goscopy

B. Consider placing a laryngeal mask airway (LMA) as
a rescue device

C. Obtain a bougie and attempt blind passage into the
trachea

D. Attempt fiber-optic intubation using a flexible bron-
choscope

E. All of the above

When unable to intubate, call for help.
Next follow your institution’s difficult airway
algorithm, to direct a stepwise approach to achieve
endotracheal intubation. Simple maneuvers, such
as repositioning the head or neck, or obtaining a
larger blade may be enough. A floppy epiglottis
may require switching from a curved MacIntosh
blade to a straight Miller blade. Several rescue
devices are commercially available. The LMA is
probably the most popular in the hospital setting.
While it does not provide a definitive airway, it
can enable oxygenation and ventilation while
more advanced equipment is mobilized. As a last
resort, a tube exchanger or bougie can be passed
blindly, feeling for ridges of the tracheal rings as it
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passes distally. This has a surprisingly high success
rate in some studies. Fiberoptic intubation is also
an alternative, but often requires time to gather
equipment and a considerable amount of skill. It
would not be the best option in an unprepared,
emergent setting. Remember, all these maneuvers
assume you are able to ventilate and oxygenate
the patient with a bag-valve mask.

Answer: E

Berkow LC, Greenberg RS, Kan KH, et al. (2009) Need for
emergency surgical airway reduced by a comprehen-
sive difficult airway program. Anesthesia and Analgesia
109 (6), 1860-9.

Combes X, Jabre P, Margenet A, et al. (2011) Unantici-
pated difficult airway management in the prehospital
emergency setting: prospective validation of an algo-
rithm. Anesthesiology 114 (1), 105-10.

18. n the patient scenario above, you are trying to
find a fiber-optic laryngoscope or bronchoscope to assist
with intubation when the resident informs you the patient
continues to desaturate. You ask if he is able to move any
air with the bag-valve mask. The answer is “no!” Your
next maneuver is:

A. Proceed with cricothyroidotomy

B. Administer additional sedative agents

C. Perform trans-tracheal jet ventilation
D. Proceed with percutaneous tracheostomy

E. Proceed with open tracheostomy

The difficult airway algorithm has converted
to a failed airway management scenario when
providers are unable to adequately oxygenate or
ventilate the patient using a bag-valve mask. The
patient is about to die—you need to act now!
Cricothyroidotomy is the procedure of choice.
Trans-tracheal jet ventilation is an option in pedi-
atric patients, but practically is seldom used, and
therefore would be very difficult. While percuta-
neous tracheostomy can be performed successtully
in an emergency situation, cricothyroidotomy is
still the surgical airway procedure of choice given
the readily identifiable anatomy and short distance
from skin to tracheal lumen.

Answer: A

Latto IP, Stacey M, Mecklenburgh J, Vaughan RS (2002)
Survey of the use of the gum elastic bougie in clinical
practice. Anaesthesia 57, 379-84.

American Society of Anesthesiologists Task Force on
Management of the Difficult Airway (2003) Practice
guidelines for management of the difficult airway: an
updated report by the American Society of Anesthe-
siologists Task Force on Management of the Difficult
Airway. Anesthesiology 98, 1269-77.

19. An elderly patient with known peripheral vascu-
lar disease requires a percutaneous intervention for acute
lower extremity ischemia. This fails and the vascular team
plans a formal bypass operation with fasciotomies. The
patient has an implantable cardiac defibrillator (ICD).
Concerning the perioperative care of implantable devices,
which of the following is correct?

A. Electromagnetic interference can be interpreted as ven-
tricular tachycardia or fibrillation

B. Interrogation is recommended within 1 month of
major operations

C. If cardioversion is required with a disabled device,
paddles should be placed in the standard anterior and
left apical position

D. Magnets only temporarily disable implantable device
function while in place

E. Regardless of the manufacturer, ICDs respond to mag-
nets the same way

Implantable pacemakers and defibrillators are
affected by electromagnetic interference, often
from intra-operative electrocautery. The interfer-
ence causes abnormal signals that can be inter-
preted as tachy-arrythmias, causing devices to fire
unnecessarily. Because devices and modes have
specific interpretation and therapeutic algorithms,
interrogation is recommended within 3-6 months
of operations likely to require significant amounts
of electrocautery. Devices are safely placed into
an asynchronous mode during the operation. If
emergent cardioversion is required, paddles should
be placed in an anterior-posterior position, to
direct current away from device leads. Magnets can
also be placed over implantable devices to disable
various functions but results are specific to the
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manufacturer and device. Some stop the antitachy-
cardia function only while the magnet is in place,
others permanently disable the device, making re-
evaluation after the surgery necessary. A practice
guideline has been published by the American
Society of Anesthesiologists to assist practitioners.

Answer: A

American Society of Anesthesiologists Task Force on
Perioperative Management of Patients with Cardiac
Rhythm Management Devices (2005) Practice advi-
sory for the perioperative management of patients
with cardiac rhythm management devices: pacemakers
and implantable cardioverter-defibrillators: a report by
the American Society of Anesthesiologists Task Force
on Perioperative Management of Patients with Car-
diac Rhythm Management Devices. Anesthesiology 103,
186-98.

20. The orthopedic surgeons have called you to the
operating theater to assist in the resuscitation of a pelvic
fracture patient. The patient was injured 2 days ago, and
while undergoing fixation of a sacral fracture, developed
significant hemorrhage. An ABG shows a pH of 7.2 and
a base deficit of 8. The last patient temperature was 95 °F
and hemoglobin sent just prior to you being called was
10.6. There is obvious ongoing bleeding from the presacral
venous plexus. What resuscitation strategy would you
recommend?

A. 2 U FFP and two U packed red blood cells, prepare
two more units of each product

B. Begin lactated ringers at a “wide-open” rate, and
begin packed red blood cells after 2L have been
infused

C. Two U packed red blood cells only and reassess lab
values assuming hemorrhage control is obtained

D. Activate the institution’s massive transfusion policy, as
this patient already demonstrates several risk factors of
increased mortality related to acute blood loss anemia

E. Given the hemoglobin of 10.6, no transfusion is cur-

rently required

Resuscitation with the early use of blood and
blood products with minimization of crystalloid

volume seems to hold promise in correcting phys-
iologic abnormalities early and limiting compli-
cations. Contemporary research from the United
States Armed Forces identified five physiologic fac-
tors that reliably predict the need for massive trans-
fusion, commonly defined as a transfusion require-
ment of 10 units of packed red blood cells during
the initial 24 hours of care. Although employing
a damage-control resuscitation” strategy is nec-
essary in a minority of civilian trauma patients,
the triggers are applicable to the perioperative
management of ICU patients undergoing major
operations. Coagulopathy (INR >1.5) present on
admission is a marker of severe injury. Degree of
coagulopathy and mortality carry a linear correla-
tion. Next, a base deficit of >6 confirms cellular
hypoperfusion, which may be present despite a
normal blood pressure. A temperature of <96 °F
is associated with an increased mortality. The key
to hypothermia is prevention. Hemoglobin levels
of <11gm/dl are likely caused by acute blood loss
anemia. The ICU population may manifest other
causes and clinicians should balance the correlation
with increased mortality with literature supporting
a more restrictive transfusion policy in patients
without ongoing blood loss. Lastly, hypotension
from blood loss represents late class III or class
IV shock, and requires aggressive hemostasis and
return of normal cellular perfusion.

Answer: D

Cotton BA, Au BK, Nunez TC, et al. (2009) Predefined
massive transfusion protocols are associated with a
reduction in organ failure and postinjury complications.
Journal of Trauma 66, 41-9.

Duchesne JC, Islam TM, Stuke L, et al. (2009) Hemo-
static Resuscitation during surgery improves survival in
patients with traumatic-induced coagulopathy. Journal
of Trauma 67, 33-9.

21. Concerning management of anticoagulation and
antiplatelet medication prior to elective surgery, which of
the following is correct?

A. Antiplatelet agents should be discontinued in all
patients 7—10 days prior to operation
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B. Generally speaking, patients on chronic aspirin ther-
apy for cerebrovascular or coronary events should not
have therapy withheld

C. Operations with a risk for confined space hemorrhage
(CNS, spine, ocular) do not carry special considera-
tions when compared to other elective surgical opera-
tions

D. Patients with recent PCI and stent placement can have
therapy withheld 1-2 weeks after the procedure

E. Warfarin should be held for three days prior to a
planned surgical intervention

Platelet activity returns to normal levels in
most patients 7-10 days after discontinuation of
antiplatelet therapy. Stopping antiplatelet agents
to minimize bleeding risk is generally accepted
and safe. Special situations exist in two groups:
those on chronic aspirin therapy for cerebrovascu-
lar or coronary events, and those recently under-
going percutaneous interventions with stent place-
ment. Patients on chronic therapy should not
have therapy withheld unless the risk of bleeding
complications (CNS, spine, and ocular—confined
space hemorrhage). outweighs that of thrombotic
events. Recent PCI patients require combination
aspirin and clopidogrel therapy for a recommended
2-4 weeks, and should have elective procedures
delayed for 1-3 months. Warfarin should be held
for 5-7 days prior to the planned procedure, with
heparin used in the perioperative period for high-
risk patients.

Answer: B

Backman SB, Bondy RM, Deschamps A, et al. (2005)
Perioperative considerations for anesthesia. In: Souba
WW, Fink MP, Jurkovich GJ, et al. (eds) ACS Surgery:
Principles and Practice. WebMD Inc.: New York, NY.

22. Issues related to hyperglycemia in the periopera-
tive period include all of the following except:

A. Impaired phagocytosis
B. Increased incidence of wound complications

C. Enhanced production of catecholamines, glucagon,
and insulin

D. Infectious complications are common among poorly
controlled diabetics undergoing surgery

E. Hypoglycemia associated with intensive insulin ther-
apy is not clearly related to increased mortality

Several physiologic changes occur during
surgery in patients with diabetes. Hyperglycemia
retards phagocytic function of PMNs, and may
contribute to poor collagen synthesis, thus
wound complications and infection are common.
Hormones elevated during the stress response
include catecholamines, growth hormone, cortisol,
and glucagon. In contrast, insulin production is
depressed. Intensive insulin therapy has become
common practice in the ICU. What is less clear,
however, is the role of hypoglycemia in patient
outcome. While target levels have been relaxed
from the initial 80-110 mg/dL range, conflicting
literature exists about the impact of hypoglycemia
episodes and mortality. Patients undergoing minor
procedures should likely receive all or 50% of
their home dose prior to operation, assuming
a quick return to oral intake. Patients poorly
controlled or those with major operations are best
managed on continuous insulin infusions until the
stress response abates and home regimens can be
resumed with reasonable control.

Answer: C

Lawrence RM, Walter RM (1995) Diabetes mellitus.
In: Lubin MF, Walker HK, Smith RB I (eds) Med-
ical Management of the Surgical Patient, Third Edition.
J. B. Lippincott Company, Philadelphia, PA, pp. 317-
21.

Mowery NT, Guillamondegui OD, Gunter OL, et al. (2010)
Severe hypoglycemia while on intensive insulin ther-
apy is not an independent predictor of death after
trauma. Journal of Trauma 68 (2), 342-7.

23. A 28-year-old woman is shot in the abdomen.
Prior to moving to the operating room for celiotomy,
she relates a history of inflammatory bowel disease and
prednisone 20mg daily as her current therapy. Before
anesthesia induction, you should:

A. Administer cosyntropin 250 mcg IV and draw a corti-
sol level
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B. Presume HPA-axis suppression and administer
100 mg hydrocortisone IV now

C. Presume HPA-axis suppression and administer 10 mg
hydrocortisone IM now

D. Not administer any additional steroid but resume her
home medication dose as soon as possible

E. Not administer additional steroid, and hold her home
dose to minimize wound complications

The perioperative evaluation and management
of patients on chronic exogenous steroid therapy
remains controversial, with little literature to guide
practice. In general, patients on more than 20 mg
per day for at least three weeks should be consid-
ered to have a suppressed hypothalamic-pituitary-
adrenal (HPA) Symptoms are extremely
vague, and may include nausea, anorexia, weak-
ness, and fatigue. For elective operations, con-
sider performance of a cortisol-stimulation test by
administering cosyntropin 250mcg IV/IM. A rise
of >9mg/dL from baseline indicates a positive
response. For major emergency cases, administer
hydrocortisone 100mg before anesthesia induc-
tion and 100mg every 8 hours for at least 24
hours. Moderate stress procedures should receive
100 mg once. Minor procedures done under local
anesthesia or MAC likely do not require addi-
tional therapy—continuing maintenance doses are
often adequate. Supplemental steroids should then
be tapered rapidly to avoid immunosuppression,
altered wound healing, or other complications.

axis.

Answer: B

Zalolga GP, Marik P (2001) Hypothalamic-pituitary-
adrenal insufficiency. Critical Care Clinics 17, 25-41.

Salem M, Tainsh RE Jr, Bromberg J et al. (1994) Perioper-
ative glucocorticoid coverage—A reassessment 42 Years
after emergence of a problem. Annals of Surgery 1994;
219, 416-25.

24. A 73-year-old man with advanced COPD and an
80-pack-year history of smoking is admitted to the ICU
with an acute COPD exacerbation following inguinal
hernia repair. Attempts to improve oxygenation through
noninvasive measures are unsuccessful. A decision to
orally intubate the patient is made. All of the following

physical exam findings are predictive of a difficult orotra-
cheal intubation except:

A. Invisibility of faucial pillars, soft palate, uvula
. Mentohyoid distance > three finger breadths
. Restricted TM joint excursion

. Restricted excusion of atlanto-occipital joint

m O a W

. Excessive facial hair or beard

In a minority of critically ill patients, even a
well trained practitioner familiar with conventional
intubation techniques will experience difficulty.
This is particularly important for patients with
acute hypoxemia, acidosis, or hemodynamic insta-
bility. Certain physical features predicting difficulty
include: (1) non-visibility of key oropharyngeal
landmarks, (2) poor atlanto-occipital joint mobility,
(3) short mentohyoid distance (<3 finger breaths),
(4) mentohyoid distance <6 cm, and (5) restricted
TM joint excursion (maximal oral aperture less
than three vertical breadths in the sagital midline)..
While the presence of excess facial hair or a beard is
often omitted from airway evaluation, it may result
in difficulty obtaining a seal during bag-valve mask
ventilation. Numerous techniques are available to
aid in securing the difficult airway.

Answer: B

Marini JJ, and Wheeler AP (2006) Airway Intu-
bation. In: Marini J. J. and Wheeler A. P. (eds)
Critical Care Medicine, 3rd edn. Lippincott Williams
& Wilkins, Philadelphia, PA.

25. Ten days after a MVC, a 2-year-old boy is per-
sistently cognitively impaired from diffuse axonal injury.
The patient remains on mechanical ventilation through
an orally placed endotracheal tube while the trauma team
schedules a tracheostomy. Tracheostomy has many bene-
fits over translaryngeal intubation for long-term mechan-
ical ventilation, which may include all of the following
except:

A. Secretion removal
B. Decreased airway resistance

C. Patient comfort and decreased sedation/analgesia
requirements
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D. Fewer acute and long-term airway complications

E. Decreased incidence of ventilator-associated pneumo-
nia

Tracheostomy improves comfort and potentially
allows patients to eat, talk, and ambulate. Secretion
management is much easier, and airway resis-
tance, anatomic dead space, and laryngeal injury
are minimized. However, tracheostomies have the
highest associated risk of serious complications
including bleeding, stenosis, dysphagia, and aspi-
ration after decannulation. Conventional methods

of tracheostomy should be performed in an operat-
ing theatre, however when clinician comfort and
anatomic landmarks are favorable, percutaneous
tracheostomy in the ICU is a safe alternative.

Answer: D

Littlewood K, Durbin CG Jr. (2002) Evidence-based air-
way management. Respiratory Care 47 (6), 696; author
reply 696-9.

Livingston, DH (2000) Prevention of ventilator-associated
pneumonia. American Journal of Surgery 179, 12S7S.



Chapter 7 Acute Respiratory Failure
and Mechanical Ventilation

Lewis J. Kaplan, MD, FACS, FCCM, FCCP and Adrian A. Maung, MD, FACS

1. In the immediate postoperative setting, noninvasive
ventilation has been demonstrated to be most effective at:

A. Reversing atelectasis

B. Decreasing laryngeal edema

C. Improving cardiac performance
D. Reducing inspiratory stridor

E. Decreasing wheezing

By applying positive pressure ventilation, non-
invasive ventilation (NIV) is able to augment a
patient’s native respiratory efforts, overcoming crit-
ical closing pressures and volumes, better match
regional time constant variations and therefore
move the zero-pressure point more proximal in
the airway. These effects help reverse atelectasis
and therefore NIV has been used to great effect
in the immediate post-operative setting in the
PACU as well as on the general ward. NIV has
no effect on laryngeal edema, inspiratory stridor
or wheezing. NIV may augment cardiac perfor-
mance by reversing hypoxic pulmonary vasocon-
striction, but this is not universally observed, even
in those with hypoxemia that is reversed, nor in
those with atelectasis that is effectively treated
with NIV.

Answer: A

Jaber S, Chanques G, Jung B (2010) Postoperative nonin-
vasive ventilation. Anesthesiology 112 (2), 453-61.

Papadakos PJ, Karcz M, Lachmann B (2010) Mechanical
ventilation in trauma. Current Opinion in Anaesthesiology
23 (2), 228-32.
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2. A 72-year-old, non-obese woman undergoes a
laparoscopic ventral hernia repair without incident. She
is extubated in the OR but is found to be hypoxic,
hypercarbic and acidotic in the PACU requiring rein-
tubation. The most likely cause of her acute respiratory
failure is:

A. Acute pulmonary edema from volume overload
B. Post-operative hemorrhage

C. Carbon dioxide gas embolism

D. Inadequate neuromuscular blocker reversal

E. Abdominal compartment syndrome

Inadequate reversal of neuromuscular blocking
(NMB) agents is an important cause for acute respi-
ratory failure in the PACU, although it is less likely
than intrinsic pulmonary disorders—an unlikely
event in this healthy 72-year-old woman. The
likelihood of NMB reversal inadequacy is increased
in the elderly, the clinically severely obese, patients
with hypoperfusion, and those whose procedure
occurs more rapidly than anticipated after receiving
a long-acting NMB agent. Uneventful OR cases are
uncommonly associated with pulmonary edema
in the relatively young, but are more frequently
observed in those with preexisting significant car-
diopulmonary disease. While a patient with obe-
sity is likely to have pulmonary HTN, pulmonary
edema is still less likely than inadequate NMB agent
reversal. Post-op hemorrhage is uncommonly asso-
ciated with hypercarbia, and CO, embolism gen-
erally occurs while the abdomen in insufflated
with CO,—not after desufflation. Similarly, ventral
hernia repair that is performed laparoscopically
is unlikely to result in abdominal compartment
syndrome as patients who are suitable for a laparo-
scopic repair generally do not demonstrate signifi-
cant loss of domain.
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Answer: D

Cobb WS, Fleishman HA, Kercher KW, Matthews BD,
Heniford BT (2005) Gas embolism during laparo-
scopic cholecystectomy. Journal of Laparoendoscopic and
Advanced Surgical Techniques. Part A. 15 (4), 387-90.

Lee PJ, MacLennan A, Naughton NN, O'Reilly M (2003)
An analysis of reintubations from a quality assurance
database of 152000 cases. Journal of Clinical Anesthesia.
15 (8), 575-81.

3. A 19-year-old man undergoes an uneventful laparo-
scopic appendectomy for microperforated appendicitis. The
case goes more quickly than anticipated and he is trans-
ferred to the PACU still intubated. He is then extubated
with a train-of-four of 4/4 twitches and shortly thereafter
develops stridor as well as hypoxia despite vigorous respi-
ratory efforts and gas movement. A portable CXR is most
likely to demonstrate:

A. Westermark sign
Pneumothorax
Pulmonary edema

Diffuse atelectasis

m S oo w

Clear lunyg fields

This patient is demonstrating the classic pre-
sentation of negative pressure pulmonary edema.
It primarily occurs in young, muscular patients
who are able to move large volumes of gas using
significant muscular effort. Hypoxia is common as
is stridor as the patient tries to move gas through
partly opposed cords. Westermark sign is consistent
with pulmonary embolus and is inconsistent with
this presentation. Pneumothorax should demon-
strate asymmetric breath sounds. Atelectasis should
demonstrate decreased air movement, especially
at the bases in the postoperative patient, and a
normal CXR would be unexpected in a patient with
hypoxemia.

Answer: C
Krodel DJ, Bittner EA, Abdulnour R, et al. (2010) Case

scenario: acute postoperative negative pressure pul-
monary edema. Anesthesiology 113 (1), 200-7.

4. A 56-year-old man undergoes an urgent sigmoid
colectomy and Hartmann's prouch for perforated diver-
ticulitis eight hours prior. Due to a history of coronary
disease he is monitored using telemetry. The patient has
the acute onset of tachycardia to 146 beats/minute and
an ECG strip demonstrates p waves with three different
morphologies. His respiratory rate is 34 breaths/minute,
BP is 146/88 mm Hg with a S,0; of 94% on 40% O, by
FM. The most appropriate and effective therapy for this
condition is:

A. Furosemide 40 mg IVP and KVO IVF
B. 100% oxygen via non-rebreather mask
C. BiPAP at 15/7 cm H,0 and FIO; 100%
D. Amiodarone 150 mg IVP bolus

E. Intubation and mechanical ventilation

An ECG trace with tachycardia demonstrating p
waves of three different morphologies is termed
multifocal atrial tachycardia (MAT). MAT is unique
among atrial dysrhythmias in that is it strongly
associated with impending acute respiratory failure
and as such represents a stress rhythm. Therapy
hinges on addressing the patient’s elevated work
of breathing by providing immediate endotracheal
intubation and mechanical ventilation. None of the
other therapies provides definitive management
and do not address the underlying cause of MAT.
BiPAP does provide some ventilatory support but is
in general inadequate at relieving the patient of all
of the work of breathing.

Answer: E

Biggs FD, Lefrak SS, Kleiger RE, et al. (1977) Disturbances
of rhythm in chronic lung disease. Heart and Lung 6 (2),
256-61.

5. 4 77-year-old woman is involved in a MVC with
rollover. She arrives on 100% by nonrebreather with a
Sa0, = 96%. Her respirations are shallow and labored.
She has a past medical history remarkable for COPD. Her
CXR demonstrates rib fractures on the left of 2 through
7. The most appropriate step to manage her respiratory
status is:

A. Nebulized albuterol and atrovent

B. Morphine bolus and PCA pump
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C. Bolus and scheduled 1V ketorolac
D. Fursoemide 40 mg IVP and Q day

E. Paravertebral block placement

Rib fracture management hinges on adequate
analgesia to support coughing, deep breathing and
maintenance of ventilation of the segments of lung
that are contused and underlie the fractured ribs.
Inadequate ventilatory efforts lead to widespread
atelectasis and eventually an unsupportable work
of breathing. One must also balance analgesia with
sedative effects of analgesic medications. In par-
ticular, this patient has COPD and may be more
sensitive to reductions in respiratory drive with
the potential for significant CO, retention and res-
piratory acidosis. Thus, an analgesic method that
minimizes sedation is ideal, and placing a para-
vertebral block meets those needs. Ketorolac can
do so as well but is generally an add-on medication
to an opioid or block-based regimen, as NSAIDs
are generally inadequate as stand-alone agents
for multiple rib fracture management, and are
generally contraindicated with those at high risk
for hemorrhage. Inhaled agents designed to man-
age bronchoconstriction are useful adjuncts but
not primary therapy for rib fracture management
and diuresis is generally inappropriate immediately
after acute injury because patients generally need
fluid resuscitation to support macro- and micro-
circulatory oxygen delivery.

Answer: E

Bulger EM, Edwards T, Klotz P, Jurkovich GJ (2004)
Epidural analgesia improves outcome after multiple rib
fractures. Surgery 136 (2), 426-30.

Mohta M, Verma P, Saxena AK, et al. (2009) Prospec-
tive, randomized comparison of continuous thoracic
epidural and thoracic paravertebral infusion in patients
with unilateral multiple fractured ribs—a pilot study.
Journal of Trauma-Injury Infection and Critical Care 66 (4),
1096-101.

6. A 42-year-old man remains in the SICU on post-
injury day 2 after a fall from 20 feet. He sustained mul-
tiple axial skeletal injuries, a grade III splenic laceration
(nonoperative management) and a small left-sided SDH.

Since admission he has received 10 L crystalloids and
two units of packed cells. He is sedated and mechanically
ventilated on AC/VCV and you are called for slowly
rising peak airway pressures without a change in other
parameters or Sa0,, he is readily suctioned for moderately
bloody secretions. His INR is 2.2 and his urine output has
decreased from 70 ml/hour to 18 mi/hour. The next most
appropriate step in management is:

. Magnesium sulphate 4 gm IVP
. N-acetyl cysteine prior to suctioning

. Neuromuscular blockade

. Bladder pressure measurement

M O o W o

. Change to pressure control ventilation

The clinician must frequently assess rising peak
airway pressures. In this scenario, slowly rising
pressures indicate a different process than those
that rise acutely. The bloody secretions provide
a clue that the patient is likely coagulopathic.
Given his multiple injuries he is likely to need
large-volume fluid resuscitation and clotting factor
dilution. He is at risk for failure of nonoperative
management of his splenic laceration as well. Each
of these factors can lead to an increase in intra-
abdominal pressure from visceral edema, hemor-
rhage, as well as acute ascites formation. Measuring
the intra-abdominal pressure using the bladder
pressure to assess for intra-abdominal HTN and the
abdominal compartment syndrome would readily
assess for this possibility. The lack of change in
other ventilator parameters is also suggestive of a
process that is external to the pulmonary circuit.
Thus, magnesium sulphate for bronchodilatation,
as well as n-acetyl cysteine for mucolysis, will
not address the underlying condition. Neuromus-
cular blockade may mask the underlying cause
and should be used with caution. Changing the
ventilator mode will also not address the intra-
abdominal HTN.

Answer: D

Lui F, Sangosanya A, Kaplan LJ (2007) Abdominal com-
partment syndrome: clinical aspects and monitoring.
In: Guest ED, Siegel, Critical Care Clinics, Elsevier Inc.,
Amsterdam; 23, 415-33.
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7. A 68-year-old woman remains intubated and ven-
tilated on POD 6 after a ruptured AAA repair. She
is febrile to 101.8 F, tachycardic to 104 beats/minute,
but not hypotensive. She has thick yellow secretions. A
CXR demonstrates bibasilar atelectasis. Her WBC is 9.4
x 10%/microl. with 72% neutrophils. The next most
appropriate step is management is to:

A. Begin empiric vancomycin —and  piperacillin-
tazobactam

B. Obtain an urgent CT scan of the abdomen and pelvic

C. Obtain a bronchoalveolar lavage

D. Administer acetaminophen and a cooling blanket

E. Send stool sample for C. difficile

This patient’s presentation may be consistent
with new onset pneumonia while mechanically
ventilated including fever, tachycardia, yellow
secretions, and >4 days of mechanical ventilation.
However, the CXR does not describe a new infil-
trate. Therefore, the diagnosis of ventilator associ-
ated pneumonia (VAP) is not clear. Current data
identifies that the invasive diagnosis of pneumonia
is more cost effective than an empiric therapeutic
course of antimicrobial management. Therefore,
the best choice is to perform a flexible bron-
choscopy and bronchoalveolar lavage to investigate
for airway inflammation and to obtain a specimen
for culture. This method allows one to culture
directly from the involved airway segment, and
to avoid culturing tracheal secretions that may be
colonized with bacteria resident in the omnipresent
biofilm that accompanies indwelling devices.

Answer: C

Porzecanski I, Bowton DL (2006) Diagnosis and
treatment of ventilator-associated pneumonia. Chest.
130 (2), 597-604.

Fagon JY (2006) Diagnosis and treatment of ventilator-
associated pneumonia: fiberoptic bronchoscopy with
bronchoalveolar lavage is essential. Seminars in Respira-
tory and Critical Care Medicine 27 (1), 34—-44.

8. Which of the following interventions will prolong
the inspiratory time in volume-cycled ventilation:

A. Decreasing the respiratory rate

B. Increasing the PEEP

C. Changing to a square waveform
D. Decreasing the flow rate

E. Neuromuscular blockade

Prolonging the inspiratory time (Ti) in volume-
cycled ventilation (VCV) may be accomplished by
any of the following interventions: increasing the
tidal volume (increased time to deliver more gas),
decreasing the flow rate (longer time to deliver the
same volume of gas), or changing to a deceler-
ating waveform (progressive decrease in gas flow
requires a longer tome to deliver the same volume
of gas). Neuromuscular blockade, increased PEEP
and a change in respiratory rate will not alter the Ti
at all. Changing to a square waveform will provide
a constant gas flow and will shorten Ti. Thus, the
only intervention that will prolong Ti is decreasing
the flow rate.

Answer: D

Bailey H, Kaplan LJ (2009) Mechanical ventilation. In:
Hedges J, Roberts J (2009) Clinical Procedures in Emer-
gency Medicine, 5th edn, WB Saunders, Philadelphia, PA,
pp. 138-59.

9. A 72-year-old patient remains ventilated after a
low anterior resection for malignancy. On body weight
and habitus appropriate AC/VCV, the patient remains
hypoxic. Which of the following interventions is most
likely to improve oxygenation?

A. Decrease in peak airway pressure
B. Increase in expiratory time
C. Increase in mean airway pressure
D. Increase in respiratory rate
E. Increase in dead space: tidal volume

Oxygenation most closely correlates with mean
airway pressure and is a reflection of the area under
the curve described by the gas-flow waveform.
Decreasing peak airway pressure will not change
pO,. Increases in expiratory time may increase

CO, clearance if the patient has difficulty with
expiratory flow (as in COPD) as may an increase in
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respiratory rate if minute ventilation is inadequate.
An increase in the dead space to tidal volume
ratio is associated with an increase in pCO, and
a decrease in pO, and when it approaches 70%
it generally indicates an unsupportable work of
breathing.

Answer: C

Bailey H, Kaplan LJ (2009) Mechanical ventilation. In:
Hedges J, Roberts J (2009) Clinical Procedures in Emer-
gency Medicine, 5th edn, W. B. Saunders, Philadelphia,
PA, pp. 138-59.

10. A 24-year-old man is S/P MVC with persistent
large volume air leaks via bilateral chest tubes placed
for the management of traumatic pneumothoraces. He is
currently managed on AC/VCV with a delivered VT of
750 mL and recovered volume of 400 mL. Which is the
next most appropriate intervention?

A. Initiation of high-frequency oscillation ventilation
B. Increase in delivered tidal volume on AC/VCV

C. VATS for stapled lung repair using bovine peri-
cardium

D. Initiation of extracorporeal membrane oxygenation

E. Change to inverse ratio pressure control ventilation

This patient demonstrates a parenchymal-pleural
fistula (PPF) with a net loss of 350cc of tidal
volume out through the chest tubes. The manage-
ment of such injuries relies in part on excluding
a fistula from a major bronchus (bronchopleural
fistula; BPF) that would prompt surgical repair.
Once a major bronchial disruption is excluded, one
may manage the PPF by reducing peak airway
pressure and minimizing intratidal shear forces.
One effective management strategy is to change
from AC/VCV to high-frequency oscillation ven-
tilation, a strategy that uses very small quantities
of gas delivered at a very high frequency by a
driving pressure to create a central column of
standing gas that moves by laminar flow in major
airways, and more turbulent but relatively static
waves in more distal airways. Gas returns more
proximally along the lateral aspects of the central
jet of high-frequency and small-volume machine-

delivered gas. In this way HFOV is more effective
at oxygenation than it is CO, clearance. The small
volumes and the lack of intratidal shear help PFF
to heal. Increasing the delivered tidal volume, or
prolonging the inspiratory time as in inverse ratio
PCV will drive more gas out through the PFF and
impede healing. ECMO is not supported for this
condition as first-line therapy (but may serve as
a bridge), and VATS is generally not indicated as
there are typically multiple areas of leak that are
not amenable to surgical stapling. Another use-
ful technique is simultaneous independent lung
ventilation that allows the clinician to use two
different modes of ventilation and very different
airway pressures and gas flow rates in the case of
a unilateral PPF.

Answer: A

Cheatham ML, Promes JT (2006) Independent lung venti-
lation in the management of traumatic bronchopleural
fistula. American Surgeon 72 (6), 530-3.

Ha DV, Johnson D (2004) High frequency oscillatory
ventilation in the management of a high output bron-
chopleural fistula: a case report. Canadian Journal of
Anaesthesia 51 (1), 78-83.

11. A4 54-year-old patient is s/p abdominal wall recon-
struction and is changed from AC/VCV to airway pressure
release ventilation (APRV) for hypoxemic rescue. Which of
the following observations is expected?

A. Lower mean airway pressures
. Increased need for sedation for comfort
. Uncoupling of oxygenation and ventilation

. Increased minute ventilation requirement

M 9 o W

. Higher central venous pressures

Airway pressure release ventilation (APRV) is
a modified form of high-pressure CPAP that is
periodically turned off for a very short time to
allow gas egress and CO, clearance. It is a supe-
rior recruitment mode and relies on a signifi-
cant increase in mean airway pressure to match
regional time constant variations, recruit atelectatic
alveoli, and improve oxygenation. Airway pres-
sure release ventilation’s effect on p,0, may occur
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independent from its effect on CO, clearance, and
maximal change in CO, often lags behind the
maximal change in pO,; in this way oxygenation
and ventilation are uncoupled. Airway pressure
release ventilation generally requires less sedation,
is more efficient than traditional AC/VCV and
requires lower minute ventilation for equivalent
CO; clearance. Due to the effects of abrogation of
hypoxic pulmonary vasconstriction and the sub-
sequent reduction in downstream pressures, the
measured CVP typically decreases.

Answer: C

Bailey H, Kaplan LJ (2009) Mechanical ventilation. In:
Hedges J. and Roberts J. (2009) Clinical Procedures in
Emergency Medicine, 5th edn, WB Saunders, Philadel-
phia, PA, pp. 138-59.

Kaplan LJ, Bailey H, Formosa V (2001) APRV increases
cardiac performance in patients with acute lung
injury/adult respiratory distress syndrome. Critical Care
5 (4), 221-6.

12. A 62-year-old woman is immediately s/p right
hepatic lobectomy for malignancy. She sustained a large
volume blood loss and was resuscitated and therefore left
on mechanical ventilation. She is placed on the same
ventilator settings that were used in the OR. Which of the
following findings is expected before the patient begins to
take spontaneous breaths?

A. Higher p,CO,

B. Higher p,0,

C. Auto-PEEP

D. Decreased inspiratory time

E. Increased expiratory time

Intraoperative ventilator settings generally
reflect neuromuscular blockade or deep sedation
as well as the reduction in metabolic rate that
accompanies inhalational or intravenous general
anesthesia. Thus, the minute ventilation required
for maintaining a normal CO, clearance will be less
than that required in the SICU where the patient
generally has a normal or elevated metabolic rate
by comparison to that present in the OR under
anesthesia. Thus, if the patient is placed on the

same settings used in the OR, only a higher pCO,
is expected before spontaneous respiratory efforts
may adjust the minute ventilation to meet CO,
production needs.

Answer: A

Bailey H, Kaplan LJ (2009) Mechanical Ventilation. In:
Hedges J, Roberts J (eds) Clinical Procedures in Emer-
gency Medicine, 5th edn, WB Saunders, Philadelphia,
PA, pp. 138-59.

13. You are called to the bedside of a patient on
body weight and habitus appropriate AC/VCV settings
with high peak airway pressures; she is POD 2 after a
Hartmann's procedure for perforated diverticulitis. Sa0O,
is 97% on FI10, of 0.4. The most appropriate investigation
is:

A. Pulmonary artery catheter assessment

B. Lower inflection point assessment

C. Pressure versus volume tracing assessment
D. Flow versus time tracing assessment

E. CT scan to assess for pulmonary embolus

High peak airway pressures on a body weight
and habitus appropriate AC/VCV setting may be
a reflection of increased airway resistance, or
in appropriate gas delivery for the volume of
available lung. The latter may be especially true
in the patient with perforated diverticulitis who
may have received significant fluid resuscitation
to help manage her peritonitis associated capillary
leak syndrome. Thus, some evaluation of how gas
delivery is being received by the patient’s lung
is appropriate. Bedside assessment may be read-
ily accomplished by using the dynamic pressure-
volume curve and assessing for increases in air-
way pressure without a corresponding increase
in pulmonary volume producing a characteris-
tic curve trace known as the “bird’s beak phe-
nomenon” that reflects alveolar overdistension.
Placing a pulmonary artery catheter will not help
in investigating peak airway pressures, nor will a
CT to evaluate for pulmonary embolus be appro-
priate in the absence of hypoxemia. The flow
over time trace is useful to assess for auto-PEEP.
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Determination of the lower inflection point in the
dynamic or static pressure volume curve assesses
for inadequate PEEP, not the presence or absence
of alveolar overdistension.

Answer: C

Pestana D, Hernandez-Gancedo C, Royo C, et al. (2005)
Pressure-volume curve variations after a recruitment
manoeuvre in acute lung injury/ARDS patients: impli-
cations for the understanding of the inflection points
of the curve. European Journal of Anaesthesiology 22 (3),
175-80.

Vieillard-Baron A, Jardin F (2003) The issue of dynamic
hyperinflation in acute respiratory distress syndrome
patients. European Respiratory Journal—Supplement 42,
435-47s.

14. A 35-year-old man is post injury day two fol-
lowing a collision with an automobile and remains
mechanically ventilated on inverse-ratio pressure control
ventilation for the management of severe bilateral pul-
monary contusions. He is hemodynamically appropri-
ate on low-dose norepinephrine. He has the following
ABG: 7.18/P,CO,: 63/P,05: 72 on AC 8/PCV 30/Ti
4.0/80%/PEEP: +10, decelerating waveform. The next
most appropriate intervention is:

A. CT scan to rule out pulmonary embolus

B. DsW+75 mEq/L NaHCOs at maintenance rate
C. Increase in AC rate to 12 breaths/minute

D. Decrease PEEP to 5 cm H,O pressure
E

. Decrease inspiratory time (T;) to 3.2 seconds

This patient demonstrates a respiratory acidosis
and is only marginally oxygenated on high-level
airway pressure ventilator settings to manage his
severe bilateral pulmonary contusions. This would
suggest that his ventilator settings may be optimally
adjusted for his pulmonary mechanics, and he
requires pressor support to help mange pulmonary
flow. In such circumstances, allowing the patient
to have a higher than normal pCO, provided there
is adequate oxygenation may be ideal to avoid
inducing ventilator-induced lung injury in an effort
to clear additional CO,. This strategy is termed
“permissive hypercapnia” and may require buffer-

ing of the associated respiratory acidosis as sug-
gested by using a sodium bicarbonate containing
infusion. There is no need to perform a CT scan
for pulmonary embolus as the underlying cause
of respiratory failure is identified as pulmonary
contusion. Increasing the respiratory rate in fixed
inspiratory time PCV will decrease CO, clearance
and increase pCO,. Decreasing PEEP will move
the zero pressure point more distally and lead to
worsened oxygenation. Decreasing the inspiratory
time may increase CO, clearance by increasing the
available expiratory time but will also decrease
oxygenation and is counterproductive.

Answer: B

Hemmila MR, Napolitano LM (2006) Severe respira-
tory failure: advanced treatment options. Critical Care
Medicine 34 (9 Suppl.), S278-90.

15. 4 68-year-old clinically severely obese woman is
two days s/p a extensive head and neck resection with
radial forearm free flap and tracheostomy. While in
the SICU she becomes agitated and her tracheostomy is
dislodged. She is acutely hypoxic. The most appropriate
management is:

A. Initiation of heliox (80/20) therapy
B. Oral endotracheal intubation

C. Tracheostomy tube replacement

D. 100% O, via tracheostomy mask
E

. Nebulized albuterol and 1V furosemide

The standard and safe approach to a dislodged
tracheostomy tube prior to a well-formed track
forming (generally POD 7) is to place a standard
oral endotracheal tube to secure airway control.
The surgeon’s finger may need to cover the tra-
chesotomy site to help keep the orally placed tube
from egressing via the tracheotomy site. Once the
airway is secured from above, the tracheostomy
tube may be safely replaced in a controlled fashion.
Many surgeons will place tracheal stay sutures
to facilitate pulling up on the trachea and easing
replacement should the tube become dislodged. In
this case, the patient’s body habitus will likely ren-
der replacement via the stoma site more difficult,
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especially since her neck was dissected and many
planes that would help guide the tube into the
trachea have been disturbed—increasing the like-
lihood of extratracheal placement. Heliox has some
role in reducing airway gas passage in patients with
stidor. 100% O, via tracheostomy mask requires a
tube to be present to be efficacious, and albuterol
and a diuretic are not effective management strate-
gies for a dislodged tracheostomy tube.

Answer: B

Barbetti JK, Nichol AD, Choate KR, ef al. (2009) Prospec-
tive observational study of postoperative complications
after percutaneous dilatational or surgical tracheostomy
in critically ill patients. Critical Care and Resuscitation 11
(4), 244-9.

Colman KL, Mandell DL, Simons JP (2010) Impact of
stoma maturation on pediatric tracheostomy-related
complications. Archives of Otolaryngology Head and Neck
Surgery 136 (5), 471-4.

Engels PT, Bagshaw SM, Meier M, Brindley PG (2009)
Tracheostomy: from insertion to decannulation. Cana-
dian Journal of Surgery 52 (5), 427-33.

16. A I6-year-old patient is shot in the left chest,
arrives with agonal vital signs, undergoes a trans-
verse thoracotomy for resuscitation, and undergoes
nonanatomic lingual resection, repair of a thoracic aortic
tangential injury and a left-ventricle and right-ventricle
laceration, as well as a nonanatomic right middle lobe
resection. On attempts at closure, he becomes tachycardia
and hypotensive. The next most appropriate step in man-
agement is:

A. Exploratory laparotomy for abdominal decompression

B. Intraoperative mannitol for diuresis

C. Intraoperative CVVH for solute and water removal

D. Thoracic closure with pressor agent BP support

E. Thoracic packing and open chest management
Compartment syndrome is not limited to an

extremity or the abdomen as it may also occur

in the chest. Treatment paradigms are similar in

that the cavity to be closed is instead temporarily

expanded to allow for visceral edema. While more
often described after cardiac surgery, thoracic com-

partment syndrome is also reported after extensive
thoracic injury. While abdominal decompression
addresses abdominal compartment syndrome and
may address refractory intracranial HTN as well, it
does not as effectively address thoracic pressures as
does leaving the chest open. Diuresis is not acutely
effective in reducing visceral edema immediately
after injury and is generally contraindicated during
resuscitation from hemorrhagic shock. Similarly
renal support therapies are ineffective and not
supported during resuscitation for total body salt
and water removal. Pressor support is inappropri-
ate when a simple maneuver, leaving the chest
open, will more directly support perfusion without
increasing myocardial consumption of oxygen.

Answer: E

Kaplan LJ, Trooskin SZ, Santora TA (1996) Thoracic com-
partment syndrome. Journal of Trauma 40 (2), 291-3.
Rizzo AG. Sample GA (2003) Thoracic compartment syn-
drome secondary to a thoracic procedure: a case report.

Chest 124 (3), 1164-8.

17. A 32-year-old woman is admitted to the burn ICU
with 60% Total BSA third-degree burns to the torso and
lower extremities including a circumferential chest burn.
She is intubated in the ED and placed on pressure control
ventilation with settings of AC 12/PCV 20/T; 2.0 sec/FI0,
100%/+5 generating a VT of 550 mL with an initial
ABG = 7.41/42/350. Twelve hours later, after fluid resus-
citation, her resultant tidal volumes are in the 200s and a
subsequent ABG = 7.20/60/280. Over the next six hours,
she requires a progressive increase in PC to recover the
desired tidal volume. Bladder pressure is 10 mm Hg. Chest
x-ray is clear. The next step in management should be to:

A. Change to volume cycled ventilation
B. Increased pressure control
C. Increase PEEP to 10 cm H,O pressure
D. Bilateral thoracic escharotomies
E. Decompressive laparotomy
Full-thickness circumferential burns over the
torso can result in significant compromise of chest

wall movement and hinder ventilation. This is
manifested either with decreasing tidal volumes in
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pressure-cycled ventilation (and increasing pCO,)
or increasing peak airway pressures in volume-
cycled ventilation (with high airway pressure lim-
ited gas delivery and rising pCO,). The definitive
treatment is to incise the thick eschar that is
limiting chest-wall excursion. Abdominal compart-
ment syndrome may present similarly but would
be associated with an elevated bladder pressure
and an attributable organ failure. Increasing PEEP,
increasing the pressure control limit, and changing
to volume-cycle ventilation will not address the
circumferential thoracic eschar.

Answer: D

Foot C, Host D, Campher D, et al. (2008) Moulage in
high-fidelity simulation-a chest wall burn escharotomy
model for visual realism and as an educational tool.
Simulation in Healthcare: The Journal of The Society for
Medical Simulation 3 (3), 183-5.

Orgill DP, Piccolo N (2009) Escharotomy and decompres-
sive therapies in burns. Journal of Burn Care and Research
30 (5), 759-68.

18. A 54-year-old, 70kg man is POD #2 follow-
ing an orthotopic hepatic transplantation. He has been
maintained on AC/VCV and has just completed a 30-
minute spontaneous breathing trial on pressure support
of 5ecm H,0 and PEEP of 5cm H,O pressure with the
following parameters obtained: negative inspiratory force
15cm H,0 pressure, minute ventilation 12 L/minute,
Sa0, at completion 95% on FIO, 0.4, and a respira-
tory rate that started at 16 breaths/minute and ended
at 24 breaths/minute with a spontaneous tidal volume
of 500 mL. He is net negative by 1200 mL over the
last 12 hours. The next most appropriate course of
action is to:

A. Resume the prior AC/VCV settings
. Extubate to 40% O, via face mask
. Repeat the trial 12 hours later

. Change to flow-by and reevaluate

M O a W

. Obtain a CXR to rule out pulmonary edema

This question assesses the appropriate determi-
nants for safe extubation. Weaning parameters are

commonly obtained but perhaps the most useful
is the rapid shallow breathing index (RSBI; aka.
Tobin index) obtained by dividing the frequency
of respiration by the tidal volume. Here the RSBI
is 24 breaths/min divided by 0.5L yielding an
index of 48; an index less than 105 is gener-
ally believed to be supportive of the ability of
a patient to support their own work of breath-
ing without mechanical ventilatory support. Since
negative inspiratory force is effort dependent its
validity is readily questioned. In this case, the NIF
is less than 25 (normal value) and would miti-
gate against extubation. However, the acceptable
total minute ventilation, respiratory rate, oxygen
saturation, and net negative fluid balance, and the
low RSBI readily supports extubation. Repeating
the trial, changing to flow-by or obtaining a CXR
are all argued against by the excellent spontaneous
breathing trial performance.

Answer: B

Lessard MR, Brochard LJ (1996) Weaning from ventila-
tory support. Clinics in Chest Medicine 17 (3), 475-89.

19.  Which statement regarding non-invasive positive
pressure ventilation (NIPPV) is most accurate?

A. Level I evidence in patients with COPD exacerbations

B. Level I evidence in post-op patients to prevent reintu-
bation

C. NIPPV is ineffective in cardiogenic pulmonary edema
patients

D. NIPPV can provide patients a mandatory respiratory
rate

E. NIPPV effectively clears secretions in cystic fibrosis
patients

NIPPV utilizes pressure-cycled modes that assist
respiration and provide a PEEP equivalent to
help retard alveolar collapse and assist in alveolar
recruitment. The clinician sets the amount of pres-
sure during inspiration and expiration while the
patient controls the respiratory rate and inspiratory
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and expiratory times. Level I evidence supports the
use of NIPPV in patients with COPD exacerbations,
maintaining extubation in COPD patients and as
an adjunct in treatment of cardiogenic pulmonary
edema. Its use in postoperative patients is not as
well defined, although CPAP by helmet has been
demonstrated to be effective in managing atelecta-
sis. Two multicenter randomized trials have failed
to show benefit in established respiratory distress
although other smaller trials have demonstrated
some benefit. Only negative pressure ventilation
has been proven effective in enhancing expecto-
ration of secretions in the cystic fibrosis patient
population.

Answer: A

Jhanji S, Pearse RM (2009) The use of early intervention
to prevent postoperative complications. Current Opinion
in Critical Care 15 (4), 349-54.

Osthoff M, Leuppi JD (2010) Management of chronic
obstructive pulmonary disease patients after hospi-
talization for acute exacerbation. Respiration 79 (3),
255-61.

20. Contraindications for noninvasive positive pres-
sure ventilation (NIPPV) include:

A. Hemodynamic instability

B. Excessive secretions

C. Inability to protect the airway
D. Respiratory arrest

E. All of the above

Contraindications for NIPPV include inability to
protect the airway, respiratory arrest, hemody-
namic instability, agitation, uncooperative patient,
excessive secretions or significant upper GI bleed-
ing. There is a theoretical but unproven concern
regarding the use of NIPPV in patients with recent
upper GI anastomosis.

Answer: E

Jaber S, Chanques G, Jung B (2010) Postoperative nonin-
vasive ventilation. Anesthesiology 112 (2), 453-61.

Papadakos PJ, Karcz M, Lachmann B (2010) Mechanical
ventilation in trauma. Current Opinion in Anaesthesiology
23 (2), 228-32.



Chapter 8 Infectious Disease

Charles Kung Chao Hu, MD, Heather Dolman, MD, and Patrick McGann, MD

1. A 65-year-old is POD #4 following left hemicolec-
tomy with colostomy and Hartmann's pouch due to
perforated diverticulitis with peritonitis. His postoper-
ative course is complicated by ARDS and he remains
febrile on antibiotics. Temperature 38.6 °C, heart rate 110
beats/minute, and blood pressure 132/74 mm Hg. Blood
cultures grew ESBL (extended-spectrum B lactamase)
Escherichia coli. The appropriate antibiotic regimen for
this organism is:

A. Piperacillin-tazobactam
. Vancomycin
. Cefepime

. Cefoxitin

M 9 a W

. Meropenem

There is concern for increasing antimicrobial
resistance in the ICU. ESBL (extended-spectrum
B lactamase) resistance is noted in gram-negative
bacteria, especially in high-risk groups including
those greater than 60-years-old, or where there has
been previous in-hospital antibiotic use, emergency
surgery, ICU admission, and in patients requir-
ing mechanical ventilation. ESBLs are enzymes
that break down the B-lactam ring. Piperacillin-
tazobactam, cefepime, cefoxitin, and meropenem
are all B-lactam antibiotics. Vancomycin only cov-
ers gram-positive organisms. Carbapenems are
much more resistant to beta lactamses than the
other beta lactams. Treatment for ESBL gram-
negative bacilli infections is carbapenems, thus
meropenem is the answer.

Answer: E

Clark NM, Patterson J, Lynch JP, ef al. (2003) Antimicro-
bial resistance among gram-negative organisms in the
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intensive care unit. Current Opinions in Critical Care 9,
413-23.

Harris AD, McGregor JC, Johnson JA, et al. (2007)
Risk factors for colonization with extended-spectrum
B-lactamase-producing bacteria and intensive care
unit admission. Emerging Infectious Diseases 13 (8),
1144-9.

2. A 33-year-old HIV positive woman is s/p I & D
of a left deltoid abscess with cellulitis from active intra-
venous drug use. Cultures from the abscess were posi-
tive for MRSA with the following susceptibility panel:
clindamycin-susceptible, erythromycin-resistant, D zone
test positive. She was on preoperative vancomycin. The
appropriate outpatient antibiotic is:

A. Vancomycin
. Clindamycin
. Daptomycin

. TMP-SMX (trimethoprim — sulfamethoxazole)

m O a W

. Penicillin

Antimicrobial resistance continues to be a global
concern. Clindamycin-susceptible, erythromycin-
resistant  Staphylococcus  aureus can  become
clindamycin resistant. One should be concerned
when the susceptibility panel has clindamycin-
susceptible, erythromycin-resistant results for
MRSA, since resistance to clindamycin iz vivo may
be present. To confirm susceptibility, a D-test (disk
test) should be performed. A D-test will determine
if the strain of MRSA is inducible to develop clin-
damycin resistance. Antibiotics are recommended
for abscesses in those with cellulitis and comorbidi-
ties. An active intravenous drug use patient does
not need IV antibiotics (vancomycin, daptomycin)
at home because of the risk catheter infection.
Previous exposure to vancomycin may cause
daptomycin resistance. Penicillin will not treat
MRSA. The appropriate antibiotic for community-
acquired clindamycin-resistant MRSA is TMP-SMX.



Answer: D

Levin TP, Suh B, Axelrod P, et al. (2005) Potential
clindamycin resistance in clindamycin-susceptible,
erythromycin-resistance Staphylococcus
Report of a clinical failure. Anmtimicrobial Agents and
Chemotherapy 49 (3), 1222-4.

Liu C, Bayer A, Cosgrove SE, et al. (2011) Clinical practice
guidelines by the Infectious Diseases Society of America
for the treatment of methicillin-resistant Staphylococ-
cus aureus infections in adults and children. Clinical
Infectious Diseases 52, 1-38.

aureus:

3. A 52-year-old is hospital day #3, s/p MVC. He
is critically ill and has developed ARDS. Temperature
38.2°C, white count 15.4 x 10°/microL. A ventilator-
associated pneumonia (VAP) may be diagnosed from all
the following except:

A. Deep endotracheal aspirate

B. BAL (bronchial alveolar lavage) with quantitative
cultures of >10* cfu/mL

C. PBS (protective brush specimen) with quantitative
cultures of >10° cfu/mL

D. Sputum gram stain with mixed flora
E. Chest x-ray with new infiltrate

Diagnosis of VAP (ventilator-associated pneumo-
nia) involves clinical suspicion, new infiltrate on
chest x-ray, purulent sputum, fever or hypother-
mia, leukocytosis or leukopenia, and hypoxia.
This is augmented by lower respiratory tract cul-
tures including deep entotracheal aspirate, BAL
of >10* cfu/mL, or PBS of >10° cfu/mL. After 48
hours, sputum from an endotracheal tube is likely
to be contaminated with oral flora; if there is not
a single dominate organism on a gram stain the
diagnosis of VAP should be questioned. Addition-
ally, mixed flora suggest a contaminated specimen
which is not indicative of a VAP.

Answer: D

American Thoracic Society and the Infectious Dis-
eases Society of America (2005)
the management of adults with hospital-acquired,
ventilator-associated, and healthcare-associated pneu-
monia. American Journal of Respiratory Critical Care
Medicine 171, 388-416.

Valencia M, Torres A (2009) Ventilator-associated pneu-
monia. Current Opinions in Critical Care 15, 30-5.
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4. A 58-year-old remains in critical condition following
omental patch repair of perforated duodenal ulcer. He
is in septic shock, on dopamine, norepinephrine, and
vasopressin with a MAP of 50 mm Hg. An echocardio-
gram reveals hyperdynamic LVEF, with adequate filling
pressures. The next step should be:

A. Add phenylephrine
B. Bolus one liter normal saline

C. An ACTH stimulation test should be performed before
administration of steroids

D. Hydrocortisone should be given at a dose less than or
equal to 300mg/d

E. Give indomethacin

This patient is in septic shock, nonresponsive to
vasopressors. Based on echocardiogram, the patient
is volume replete. He is most likely adrenally insuf-
ficient with an inadequate response to vasopres-
sors. Adding more vasopressors or fluid will not
help this patient. Indomethacin has no role in septic
shock or in adrenal insufficiency. The Surviving
Sepsis campaign has outlined recommendations
for steroid use in septic shock including: addi-
tion of hydrocortisone when hypotension does not
respond to vasopressors; an ACTH stimulation test
prior to steroid administration is not necessary and
the interpretation of the results remain controver-
sial; hydrocortisone should be given at a dose less
than or equal to 300 mg per day; steroids should be
weaned when vasopressors are no longer needed;
and consider adding fludrocortisone.

Answer: D

Dellinger RP, Levy MM, Carlet JM, et al. (2008) Surviving
sepsis campaign: International guidelines for manage-
ment of severe sepsis and septic shock: 2008. Critical
Care Medicine 36 (1), 296-327.

Marik PE (2009) Critical illness-related corticosteroid
insufficiency. Chest 135, 181-93.

5. A 62-year-old woman is POD #6 after colon resec-
tion for ischemic colitis. She is on the ventilator and
remains febrile. Her white count is 15.2 x 10° /microL on
TPN via a newly placed PICC. The patient was previously
in septic shock and steroids are currently being weaned.
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Urine cultures grew Candida glabrata. The appropriate
antifungal is:

A. Fluconazole
. Traconazole
. Micafungin

. Voriconazole

M O a W

. No treatment necessary

Candidiasis diagnosis and treatment can be dif-
ficult. Risk factors for systemic infection include
antibiotic use, Candida from other sites, central
lines, TPN, and immunosuppressive use. C. glabrata
has high rates of resistance to triazoles (fluconazole,
itraconazole, voriconazole) in the ICU. Due to this
patient’s increased risk factors and urine with C.
glabrata, the appropriate treatment is micafungin.

Answer: C

Guery BP, Arendrup MC, Auzinger G, et al. (2009a)
Management of invasive candidiasis and candidemia in
adult non-neutropenic intensive care unit patients: Part
1. Epidemiology and diagnosis. Intensive Care Medicine 35,
55-62.

Guery BP, Arendrup MC, Auzinger G, et al. (2009b)
Management of invasive candidiasis and candidemia in
adult non-neutropenic intensive care unit patients: Part
II. Treatment. Intensive Care Medicine 35, 206—14.

Pappas PG, Kauffman CA, Andes D, ef al. (2009) Clinical
practice guidelines for the management of candidiasis:
2009 update by the Infectious Diseases Society of Amer-
ica. Clinical Infectious Diseases 48, 503-35.

6. A 42-year-old man suffers a severe traumatic brain
injury after motor vehicle collision. He remains intubated
on mechanical ventilation, in septic shock with shock
liver, on pressors and requiring CRRT for renal failure.
His APACHE Il score is 32. Use of Xigris (drotrecogin alfa-
activated recombinant protein C) would be absolutely
contraindicated in this patient if:

A. Creatinine clearance is less than or equal to 20 mL per
minute

. The right femur is fractured
. He is s/p colectomy

. He has a subarachnoid hemorrhage

M O a W

. The platelets are 55 x 10°/microL

The Surviving Sepsis Campaign has outlined
recommendations for Xigris (drotrecogin alfa) in
septic shock with multiple organ failure, high risk
of death, and no contraindications. If the APACHE
IT score is less than 20 with only one organ dys-
function, then no ditferences in outcomes are seen
with Xigris use and it is not recommended. Severe
sepsis causes immunological reaction that is pro-
inflammatory and prothrombotic. Activated pro-
tein C (drotrecogin alfa) inhibits the process. Con-
traindications to drotrecogin alfa include trauma
with increased risk of life threatening bleeding,
active internal bleeding, hemorrhagic stroke within
3 months, platelets less than 30,000 per mm’, and
bleeding diathesis; thus the best answer is D.

Answer: D

Dellinger RP, Levy MM, Carlet JM, et al. (2008) Surviving
sepsis campaign: International guidelines for manage-
ment of severe sepsis and septic shock: 2008. Critical
Care Medicine 36 (1), 296-327.

Gentry CA, Gross KB, Sud B, Drevets DA (2009) Adverse
outcomes associated with the use of drotrecogin alfa
(activated) in patients with severe sepsis and base-
line bleeding precautions. Critical Care Medicine 37 (1),
19-25.

7. All of the following are SCIP (surgical care improve-
ment project) measures except:

A. Prophylactic antibiotics within one hour of surgical
incision
B. Prophylactic antibiotics discontinued within 24 hours

C. Immediate postoperative normothermia for all surgi-
cal patients

D. Morning postoperative blood glucose level less than
200 mg/dL in cardiac patients

E. Prophylactic vancomycin within two hours of surgical
incision

SCIP was developed in 2002 by the Centers
of Medicaid and Medicare to reduce surgical site
infections, decrease length of stay, and reduce cost
and mortality. Surgical care infection prevention
performance measures include prophylactic antibi-
otics within one hour of surgical incision, two
hours if vancomycin; the appropriate antibiotic for



the surgical procedure; discontinuation of prophy-
lactic antibiotics in 24 hours of surgery end time;
postoperative normothermia in colorectal patients;
and morning blood glucose less than 200 mg/dL
in cardiac patients. Other SCIP measures include
DVT prophylaxis and perioperative beta blockade
in patients on beta blockade prior to admission.
Currently, normothermia is a SCIP measure only
in colorectal patients.

Answer: C

Kirby JP, Mazuski JE (2009) Prevention of surgical site
infection. Surgical Clinics of North America 89, 365-89.
Stulberg JJ, Delaney CP, Neuhauser DV, et al. (2010)
Adherence to surgical care improvement project mea-
sures and the association with postoperative infections.
Journal of the American Medical Association 303 (24),

2479-85.

8. A 55-year-old woman with necrotizing fasciitis of
the buttocks and thighs is in the ICU in septic shock.
Immediate therapy includes all of the following except:

A. Aggressive debridement

B. Broad-spectrum antibiotics

C. Coverage for Streptococcus pyogenes
D. Clindamycin for endotoxin production

E. Hyperbaric oxygen therapy

Appropriate therapy for necrotizing fasciitis
includes: aggressive debridement, broad-spectrum
antibiotics, treatment of pathogens including Strep-
tococcus pyogenes, use of clindamycin (a protein
synthesis inhibitor against toxin production), and
physiologic support. The data for the use of hyper-
baric oxygen therapy demonstrates variable results
and based on current evidence should not be used.

Answer: E

Anaya DA, Dellinger EP (2007) Necrotizing soft-tissue
infection: Diagnosis and management. Clinical Infectious
Diseases 44, 705-10.

May AK, Statfford RE, Bulger EM, et al. (2009) Treatment
of complicated skin and soft tissue infections. Surgical
Infections 10 (5), 467-99.
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9. All of the following decrease central venous line
infections except:

A. Use of the subclavian site

B. Scheduled line changes

C. Removing catheters when no longer needed

D. Maximum sterile barrier precautions with insertion

E. Antimicrobial impregnated catheter usage

Catheter-related blood stream infections (CR-
BSI) cause significant morbidity and mortality.
Minimizing CR-BSI is important to improve patient
outcomes. Guidelines have been created to pre-
vent intravascular catheter infections. Prevention
strategies include the following: use of the sub-
clavian site, nonscheduled line changes, remov-
ing catheters when no longer needed, and max-
imum sterile barrier precautions with insertion.
Antimicrobial-impregnated catheters can be used
to reduce catheter related infections when the
above efforts fail to satisfactorily reduce infec-
tion rates. Scheduled line changes may increase
the incidence of infection, thus (b) is the correct
answer.

Answer: B

McGee DC, Gould MK (2003) Preventing complications
of central venous catheterization. New England Journal
of Medicine 348 (12), 1123-33.

Mermel LA, Farr BM, Sherertz RJ, et al. (2001) Guidelines
for the management of intravascular catheter-related
infections. Clinical Infectious Diseases 32, 1249-72.

O’Grady NP, Alexander M, Dellinger EP (2002) Guide-
lines for prevention of intravascular catheter-related
infections. Clinical Infectious Diseases 35, 1281-307.

10. 4 72-year-old is s/p open abdominal aortic
aneurysm repair, in septic shock with a white count of
42 x 10°/microL and a temperature of 38.4°C. He is
on empiric antibiotics and has no bowel function. He
is Clostridium difficile positive by PCR. The appropriate
antibiotic regimen is:

A. Oral metronidazole only
B. Oral vancomycin only

C. Oral metronidazole and oral vancomycin
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D. IV metronidazole and rectal vancomycin

E. IV vancomycin and oral vancomycin

There are risk factors for infectious C. difficile
diarrhea including previous antibiotic use, hos-
pitalization, and increased age. Fever and very
high white counts may accompany the abdomi-
nal pain. Rarely, diarrhea may be absent due to
paralytic ileus. C. difficile diarrhea varies in sever-
ity (mild, moderate, and severe) and treatment
depends on severity. Two or more of the fol-
lowing indicates severe disease: age greater than
60, temperature greater than 38.3 °C, white count
greater than 15000 cells/mm?, and albumin less
than 2.5 mg/dL. This patient has a severe infection
based on his increased age, WBC, and fever. The
optimal treatment for severe infection is oral van-
comycin. Since this patient does not have bowel
function, IV metronidazole will provide appropriate
concentration in the colonocytes for treatment of
C. difficile diarrhea. Addition of oral vancomycin
or metronidazole could benefit if the drug would
reach the site of infection—the colon. Some data
exists regarding the use of rectal administration of
vancomycin (intraluminal). Thus the answer is D.

Answer: D

Bartlett JG, Gerding DN (2008) Clinical recognition and
diagnosis of clostridium difficile infection. Clinical Infec-
tious Diseases 46, S12—-18.

Gerding DN, Muto CA, Owens RC Jr., et al. (2008) Treat-
ment of clostridium difficile infection. Clinical Infectious
Diseases 46, S32—42.

11. 4n 18-year-old boy arrives to the trauma bay
in traumatic shock after sustaining multiple gunshot
wounds to the abdomen. He is taken immediately to
the operating room where injuries to his stomach and
small bowel are repaired. A temporary abdominal wound
closure is placed. His abdomen was subsequently washed
out twice and closed after bowel edema subsided.

The patient has been on the ventilator for ten days
now since admission and has been developing persistent
fevers despite broad spectrum antibiotic coverage and
continual surveillance of cultures. You noted that in
the patient’s subsequent abdominal washouts, everything
looked clean. He has been on TPN since his ileus has not
resolved.

What do you do next in terms of antibiotic treatments?

A. Continue with current regiment of antibiotics and
await cultures

B. Continue with current regiment of antibiotics and add
fungal coverage

C. Change antibiotics to cover gram negatives only and
await cultures

D. Change antibiotics to cover MRSA only and add fun-
gal coverage

E. Discontinue all previous antibiotics and start fungal
coverage

This patient is at risk for developing tertiary
peritonitis. In addition, he has risk factors for fungal
infection: open abdomen, shock, TPN, gastric perfo-
ration, prior antibiotic treatments. With persistent
fevers and lack of new culture results, starting an
antifungal agent is the correct regiment. Fungal
cultures can take two to three weeks to become
positive. Common organisms in patients with ter-
tiary peritonitis are Enterobacter, Enterococcus,
Candida, and Staphylococcus epidermidis. Candida
infection is associated with 60-70% mortality.

Answer: B

Christou NV, Barie PS, Dellinger RP, et al. (1993) Sur-
gical Infection Society intraabdomianl! infection study:
Prospective evaluation of management techniques and
outcomes. Archives of Surgery 128, 193-8.

Wacha H, Hau T, Dittmer R, Ohmann R (1999) Risk
factors associated with intraabdominal infections: a
prospective multicenter study. Peritonitis Study Group.
Langenbecks Archives of Surgery 384, 24-32.

12a. A 58-year-old woman with no past medical his-
tory suffered pulmonary contusions and rib fractures after
falling down a flight of stairs. She has been in the SICU
for about six days now with marginal pulmonary status.
On hospital day 3, she developed fevers and the morning
CXR showed developing infiltrates not seen on previous x-
rays. You are concerned with nosocomial pneumonia in
this patient. Which organism is a typical pathogen in this
scenario?

A. Methicillin-sensitive Staphylococcus aureus

B. Haemophilus influenza



C. Pseudomonas aeruginosa
D. Acinetobacter baumannii

E. Klebsiella pneumonia

This patient is moderate-to-high risk of devel-
oping pneumonia due to her marginal pulmonary
mechanics as a result of her injuries. Hospital-
acquired pneumonia (HAP) is defined as pneumo-
nia occurring more than 48 hours after admission,
excluding any at time of admission. Early-onset
HAP (< 4 days) is presumed to be caused by gram-
positive organisms, typically MSSA and Streptococcus
pneumonia.

Answer: A

12b. n the above scenario, which organism would
you consider antibiotic coverage when pneumonia is sus-
pected on hospital day 6?

A. Streptococcus pneumonia

B. MSSA

C. MRSA

D. Beta-hemolytic Streptococcus

E. Staphylococcus epidermidis

Late-onset HAP occurs more than four days
after admission and is typically caused by gram-
negative organisms and MRSA. Risk factors are
prior use of antibiotics, history of chronic lung
disease, mechanical ventilation >3 days, and his-
tory of corticosteroid therapy. Patients who receive
early and adequate antibiotic therapy have the
lowest mortality rates.

Answer: C

NNIS (1999) National Nosocomial Infections Surveillance
(NNIS) System report, data summary from January
1990-May 1999, issued June 1999. Am J Infect Control
27 (6), 520-32.

Rello J, Ollendorf DA, Oster G, et al. (2002) Epidemiology
and outcomes of ventilator-associated pneumonia in a
large US database. Chest 122 (6), 2115-21.

13. If the patient in question 12 was intubated on
hospital day 2 and develops VAP, how long would you
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continue antibiotic treatment if the inciting organism is
found to be MRSA? Pseudomonas aeruginosa?

A. MRSA 8 days, Pseudomonas 8 days
. MRSA 8 days, Pseudomonas 14 days
. MRSA 14 days, Pseudomonas 14 days

. MRSA 14 days, Pseudomonas 21 days

o 9 o W

. MRSA 21 days, Pseudomonas 21 days

The length of treatment for VAP has been a
controversial topic. Historical data suggests 7-10
days of treatment for routine organisms and 14-21
days for multi-drug resistant organisms. Recent
trials suggest shorter duration of therapy should
be tailored to seven or eight days of therapy
with no difference in the recurrence rate as com-
pared to longer duration therapies, unless the incit-
ing organism is caused by nonfermenting gram-
negative bacilli such as Pseudomonas. Patients with
these infections should have a longer duration
of treatment. Chastre demonstrated a successful
approach to these two scenarios; 8 days for gen-
erally sensitive organisms and 15 days for more
resistant organisms.

Answer: B

Chastre J, Wolff M, Fagon JY, et al. (2003) Comparison
of 8 versus 15 days of antibiotic therapy for ventilator-
associated pneumonia in adults: a randomized trial.
Journal of the American Medical Association 290, 2588.

Ibrahim EH, Ward S, Sherman G, et al. (2004) Expe-
rience with a clinical guidelines for the treatment of
ventilator-associated pneumonia. Critical Care Medicine
32, 1109.

14. A 57-year-old man is POD #5 s/p renal transplant
and he develops fevers of 101.5°F. You are concerned
about nosocomial urinary tract infection and cultures
have been taken. In addition to removing or replacing the
catheter, what would you do next?

A. Start broad-spectrum antibiotics and an antifungal,
ultrasound the transplant kidney

B. Start broad-spectrum antibiotics, await fungal cul-
tures

C. Await bacterial and fungal cultures
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D. Start broad spectrum antibiotics while awaiting cul-
tures, ultrasound the transplant kidney

E. Start broad spectrum antibiotics with antifungal cov-
erage, remove the kidney

Nosocomial UTI is one of the most common
infections in the hospital and duration of catheter-
ization is the most common etiology. E. coli is the
most common organism. In long-term catheteri-
zations, polymicrobial organisms predominate and
may include: Klebsiella, Pseudomonas, Enterococ-
cus, or Staphylococcus. Diagnosis is based on cul-
tures (quantitative greater than 10° CFU/ml when
available) and the presence of white blood cells in
the urine. Initial treatment is removal or replace-
ment of the catheter. Candida is a common isolate
in the ICU, however for neutropenic and immune-
suppressed patients, aggressive treatment is war-
ranted, especially against disseminated candidiasis.
Nonalbican species can occur in 20-30% of isolates.
Invasive candidiasis can occur in up to 5-10% of
solid organ transplants, such as Candida tropicalis,
Candida parapsilosis, Candida glabrata, and Candida
krusie. For Candida in the urine, either fluconazole
or amphotericin B should be used depending on
the sensitivity. High-risk patients can be treated
with the echinocandin class of antifungals, such
as caspofungin, micafungin, and anidulafungin,
which has a high sensitivity to these invasive Can-
dida organisms. Imaging studies are obtained to
rule out obstructive causes.

Answer: A

Platt R, Polk BF, Murdock B, et al. (1982) Mortality asso-
ciated with nosocomial urinary tract infections. New
England Journal Medicine 307, 637.

Singh N (2000) Infections in solid organ transplant recip-
ients. Current Opinions in Infectious Disorders 13, 343-7.

15. In systemic inflammatory response syndrome
(SIRS), which of the following is NOT true?

A. Occurs only by infectious insults
B. Occurs from hypo-perfusion

C. Occurs continuously even after controlling the initial
insult

D. Organ dysfunction can occur with variability

E. Starts with activation of the immune response

Systemic inflammatory response syndrome can
occur through noninfectious causes such as
trauma, toxins, ARDS, pancreatitis, abdominal
compartment syndrome, and excessive resuscita-
tion. Neutrophils and macrophages are activated
through inflammatory mediators such as tumor
necrosis factor (TNF), and interleukin-6 (IL-6).
Oxygen radicals are released causing damage to
the basement membranes of endothelial cells. The
end result is capillary leak and subsequent tissue
destruction.

Answer: A

American College of Chest Physicians/Society of Critical
Care Medicine Consensus Conference (1992) Defini-
tions for sepsis and organ failure and guidelines for
the use of innovative therapies in sepsis. Critical Care
Medicine 20, 864.

Marshall J, Sweeny D (1990) Microbial infection and the
septic response in critical surgical illness. Archives of
Surgery 125, 17.

16. A 29-year-old woman is a restrained passenger
involved in a motor vehicle crash in which she was rear
ended. She was brought to the emergency room with
complaints of abdominal pain. A computed tomography
scan of the abdomen was unremarkable for acute trau-
matic injury. With continual pain, you admit her for
observation. The next morning, her abdominal pain is
worsened and her exam showed a very tender abdomen.
Her vitals are as follows: temperature 101.8°F, HR 130
beats/minute, SBP 90/60 mm Hg, RR 35 breaths/minute,
and O, saturation 95% on 2L NC. Given her change in
status, you repeated the CT scan of the abdomen which
shows large amounts of intra-abdominal fluid.

Which of the following is inadequate therapy in the
management of this patient?

A. Fluid resuscitation with normal saline, gentamicin/
clindamycin, exploratory laparotomy

B. Fluid resuscitation with normal saline, exploratory
laparotomy, imipenem

C. Fluid resuscitation with lactated Ringers, vancomycin/
metronidazole, exploratory laparotomy

D. Fluid resuscitation with blood products if needed,
piperacillin/tazobactam, diagnostic laparoscopy

E. Fluid resuscitation with lactated Ringers, levofloxacin/
metronidazole, exploratory laparotomy



Surgical infection is defined as infection that
should be controlled with surgical intervention.
For intra-abdominal sources of infection, early
source control is critical in determining outcome.
Antibiotics also play a crucial role. Selection of
agents is based on activity against Staphylococcus
aureus, enteric gram negative bacilli, and anaerobes
including Bacteroides fragilis. Combination therapy
with aminoglycosides, clindamycin, and metron-
idazole, or monotherapy with carbapenems has
been shown to be effective in randomized trials.
Choice C is incorrect because the antibiotic selec-
tion does not cover enteric gram negative organ-
isms. Resuscitation with normal saline, lactated
ringers, or blood products are crucial for maintain-
ing volume. The choice of laparoscopy is dependent
on the skill set of the operating surgeon.

Answer: C

Montgomery RS, Wilson SE (1996) Intraabdominal
abscess: image guided diagnosis and therapy. Clinical
Infectious Diseases 23, 28.

Nathens AB, Rotstein OD (1994) Therapeutic options in
peritonitis. Surgical Clinics of North America 74, 677.

17. In the previous scenario, given adequate source-
control, how long would you continue the antibiotic that
is chosen to treat the intra-abdominal infection?

A. 48 hours
B. 4-7 days
C. 10-12 days
D. 14 days
E. 21 days

The consensus paper published from the Surgical
Infection Society and the Infectious Diseases Soci-
ety of America recommends antimicrobial therapy
should be limited to four to seven days, unless
it is difficult to achieve adequate source control.
Prolonged therapy with broad-spectrum antibiotics
carries increased risks for the development of resis-
tant organisms, drug toxicities, and superinfections,
particularly Clostridium difficile. Duration of therapy
should be guided by resolution of infection as
evidenced by normalization of clinical signs.
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Answer: B

Hedrick TL, Evans HL, Smith RL, ef al. (2006) Can we
define the ideal duration of antibiotic therapy? Surgical
Infections 7, 419-32.

Solomkin JS, Mazuski JE, Bradley JS, et al. (2010) Diag-
nosis and management of complicated intra-abdominal
infection in adults and children: guidelines by the Sur-
gical Infection Society and the Infectious Diseases Soci-
ety of America. Clinical Infectious Diseases 50, 133-64.

18. What is the most common pathogen related to
central venous line (CVL) infections in the ICU in the
USA?

A. VRE
B. E. coli

C. Coagulase-negative S. aureus
D. MRSA

E. Klebsiella

Coagulase-negative Staphylococcus infections
are now the most common CVL-related infection
in the USA (37%). The three most common gram-
positive pathogens are coagulase-negative S. aureus,
MRSA, and Enterococcus. The most common gram
negative pathogens are E. coli, P. aeruginosa, Enter-
obacter, and Klebsiella.

Answer: C

CDC (1999) National Nosocomial Infections Surveillance
(NNIS) System report, data summary from January
1990-May 1999, issued June 1999. American Journal of
Infection Control 27, 520-32.

Mermel LA, Allon M, Bouza E, et al. (2009) Clinical Prac-
tice Guidelines for the Diagnosis and Management of
Intravascular Catheter-Related Infection: 2009 Update
by the Infectious Diseases Society of America. Clinical
Infectious Diseases 49, 1-45.

19. Which maneuver will most significantly reduce
the incidence of pulmonary aspiration in the ventilated
patient?

A. Deep suctioning
B. Sterile suctioning

C. Assisted cough
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D. Head-of-bed elevation

E. Chest percussions

In 1997, the CDC published guidelines for
preventing aspiration pneumonia and in 2003,
the CDC Healthcare Infection Control Practices
Advisory Committee recommended elevating the
HOB between 30-45 degrees unless contraindi-
cated. As recently as 2006, the Society for Criti-
cal Care Medicine Outcomes Task Force endorsed
HOB elevation as a method to reduce aspiration
pneumonia.

Answer: D

Luna C, Vujacich P, Niederman M, et al. (1997) Impact
of BAL data on the therapy and outcome of ventilator-
associated pneumonia. Chest 111, 676-85.

Orozco-Levi M, Torres A, Ferrer M, et al. (1995) Semire-
cumbent position protects from pulmonary aspiration
but not completely from gastroesophageal reflux in
mechanically ventilated patients. American Journal of
Respiratory Critical Care Medicine 152, 1387-90.

20. What is the percent reduction in the incidence of
VAP if the measure in question 19 is initiated in the first
24 hours?

A. 5% reduction in incidence of VAP
20% reduction in incidence of VAP
40% reduction in the incidence of VAP

60% reduction in the incidence of VAP

S a W

80% reduction in the incidence of VAP

Elevation of HOB, if initiated in the first 24
hours of admission, may reduce the incidence
of VAP by up to 67%. As a part of the pro-
phylaxis bundle in the ICU, implementation of
this policy has decreased the morbidity and mor-
tality of the ventilated patient. Oral care has
been shown to decrease the incidence of VAP
by 63%. These measures along with sedation
interruption and ventilator weaning trials all help
to significantly reduce the incidence of VAP in
the ICU.

Answer: D

Kollet MH (1993) Ventilator-associated pneumonia: a
multivariate analysis. Journal of the American Medical
Association 270, 1965-70.

Orozco-Levi M, Torres A, Ferrer M, et al. (1995) Semire-
cumbent position protects from pulmonary aspiration
but not completely from gastroesophageal reflux in
mechanically ventilated patients. American Journal of
Respiratory Critical Care Medicine 152, 1387-90.

21. Empiric therapy for VAP should cover all of the
following except:

A. Streptococcus pneumoniae

B. Haemophilus influenzae

C. VRE

D. Methicillin-resistent Staphylococcus aureus
E.

Moraxella catarrhalis

The most common pathogens for VAP, when
risk factors for multi-drug resistant organisms are
not present, are Streptococcus, Haemophilus, MSSA,
and Moraxella species. Appropriate initial antibi-
otics are quinolones, ceftriaxone, or ampicillin/
sulbactam. VRE is not a common pathogen for
initial treatment. It is mainly born out of selection
from antibiotic administration.

When the possibility of MDR exists, treatment
should be expanded to include Pseudomonas aerig-
inosa, Enterobacter, Serratia, Klebsiella, Stenotropho-
monas maltophilia, and MRSA. Appropriate antibi-
otic choices are vancomycin or linezolid for MRSA,
and pipercillin-tazobactam (beta-lactam/beta lacta-
mase inhibitor), fluoroquinolones or aminoglyco-
sides (gentamicin or tobramicin) for Pseudomonas
coverage. Sulfamethoxazole/trimethoprim is the
treatment of choice for Stenotrophomonas.

Answer: C

American Thoracic Society (2005) Guidelines for manage-
ment of adults with hospital-acquired, ventilator asso-
ciated pneumonia, and health-care associated pneumo-
nia. American Journal of Respiratory Critical Care Medicine
171, 388-416.

Kollef MH (1993) Ventilator-associated pneumonia: a
multivariate analysis. Journal of the American Medical
Association 270, 1965-70.



Chapter 9 Pharmacology

and Antibiotics

Michelle Strong, MD, PhD

1. Which one of the following is not an expected adverse
effect related to the use of propofol sedation in the ICU?

A. Hypotension

B. Hyperlipidemia

C. Atrial arrhythmias

D. Supraventricular tachycardia

E. Green urine

Propofol is known to commonly cause brady-
cardia, decreased cardiac output and hypotension
as adverse cardiovascular effects. Atrial arrhyth-
mias, ventricular tachycardia and cardiac arrest
have been described, but the cause is not known.
Hyperlipidemia occurs with an incidence of 3 to
10% and is associated with use of propofol for
an extended period of time. Green urine has also
been reported with the use of propofol. Green
urinary discoloration has been reported after both
short-term and prolonged therapy. It is known that
propofol can have effects on atrioventricular node
conduction. Propofol has been shown to have a
direct concentration-dependent inhibitory effect on
the cardiac conduction system in isolated rabbit
heart. There have been instances of termination
of supraventricular tachycardia (SVT) and suppres-
sion of premature atrial contractions during propo-
fol anesthesia in children and adults. Propofol has
not been related with supraventricular tachycar-
dia in adults when used for ICU sedation. Strict
aseptic technique is required for the administration
of propofol, due to previously reported bacterial
contamination of the product.
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Answer: D

Blakely SA, Hixson-Wallace JA (200) Clinical significance
of rare and benign side effects: propofol and green
urine. Pharmacotherapy 20, 1120-2.

Kannan S, Sherwood N (2002) Termination of supraven-
tricular tachycardia by propofol. British Journal of Anaes-
thesia 88, 874-5.

Medical Economics Company, Inc. (2002) Physician’s Desk
Reference, 56th edn, Medical Economics Company, Inc.,
Montvale, NJ, pp. 667-73.

2. A 70-year-old man has been admitted to the ICU
after colectomy because of his history of end-stage renal
disease, respiratory failure and pain management. The
procedure was uncomplicated and the patient is extubated
2 hours after admission to the ICU. On examination, the
patient’s RR is 18 breaths/min, and he rates his pain on
a 0-10 scale as 7. He is currently doing well receiving
oxygen at 4 L/min by nasal cannula.

Which one of the following analgesics for postoperative
pain management is most appropriate for this patient?

A. Fentanyl

B. Morphine

C. Oxycodone

D. Hydromorphone

E. Meperidine

Morphine should be used cautiously. Morphine
metabolites can accumulate increasing therapeutic
and adverse effects in patients with renal fail-
ure. Both parent and metabolite can be removed
with dialysis. Hydromorphone should be used
cautiously and the dose adjusted as appropriate
in patients with renal failure. The 3-glucuronide
metabolite of hydrodromorphone can accumulate
and cause neuro-excitatory effects in these patients.

95
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The parent drug can be removed by dialysis,
but metabolite accumulation remains a risk. Oxy-
codone should not be used in patients in renal
failure. Metabolites and oxycodone itself can accu-
mulate causing toxic and CNS-depressant effects.
There is no data on oxycodone and its metabo-
lites” removal with dialysis. Meperidine should
not be used. Metabolites can accumulate causing
increased risk of adverse effects. There are few
data on meperidine and its metabolites in dialy-
sis. Fentanyl appears safe, but dose adjustment is
necessary. There are no active metabolites to have
added risk of adverse effects. Use some caution
because fentanyl is poorly dialyzable.

Answer: A

Davison SN (2003) Pain in hemodialysis patients: preva-
lence, cause, severity, and management. American Jour-
nal of Kidney Disorders 42, 1239-47.

Foral PA, Ineck JR, Nystrom KK (2007) Oxycodone accu-
mulation in a hemodialysis patient. Southern Medical
Journal;, 100, 212-14.

Kurella M (2003) Analgesia in patients with ESRD: A
review of available evidence. American Journal of Kidney
Disorder 42, 217-28.

3.  Which one of the following best describes the clinical
antibacterial spectrum of tigecycline?

A. Gram-positive bacteria
Gram-negative bacteria
Gram-positive + gram-negative bacteria + anaerobes

Gram-positive + gram-negative bacteria

SIS

Gram-negative bacteria + anaerobes

Tigecycline is a glycylcycline antibacterial drug
for IV infusion. It is a broad-spectrum antibiotic
that has been approved for treatment of infections
caused by Gram-positive bacteria, gram-negative
bacteria, and anaerobic bacteria. Current clini-
cal indications include complicated skin infections
caused by Escherichia coli, Enterococcus faecalis, Staphy-
lococcus aureus, Streptococcus and Bacteroides frag-
ilis. Tigecycline is also indicated for complicated
intra-abdominal infections caused by resistant
Gram-negative bacteria, Gram-positive bacteria,
and anaerobic bacteria. Tigecycline was found to
have in vivo activity for intra-abdominal infections

for the following bacteria: Citrobacter, Enterobac-
ter, E. coli, Klebsiella, and E. faecalis (vancomycin-
susceptible strains only), S. aureus (MSSA only),
Streptococcus, bacteroides, Clostridium perfringes, and
Peptostreptococcus.

Answer: C

Garrison MW, Neumiller JJ, Setter SM (2005) Tigecycline:
an investigational glycycline antimicrobial with activity
against resistant Gram-positive organisms. Clinical Ther-
apeutics 27, 12-22.

4. A 64-year-old woman was on continuous electrocar-
diographic monitoring because of a history of coronary
artery disease following an open cholecystectomy. On post-
operative day 1, she developed nausea and vomiting. She
was treated with multiple doses of an antiemetic. She
had a rhythm strip showing QT-prolongation and then
torsade de pointes. She was successfully resuscitated.

Which one of the following antiemetics was most likely
used to treat her nausea and vomiting?

A. Famotidine
. Prochlorperazine
. Metoclopramide

. Ondansetron

o 9 o W

. Dexamethasone

A number of drugs can lead to QT prolongation
and torsade de pointes. Phenothiazines, such as
prochlorperazine, used for nausea and vomiting
have the potential of prolonging the QT inter-
val. Droperidol may also cause QT prolongation.
Fortunately, it rarely produces this phenomenon
at recommended doses. Ondansetron (serotonin
antagonist) and metoclopramide (antidopaminer-
gic and antiserotonergic) are not known to cause
QT prolongation. H2 blockers and steroids are also
not known to cause QT prolongation.

Postoperative nausea and vomiting are often
multifactorial in origin. Drugs, physical stimuli, or
emotional stress can cause the release of neuro-
transmitters that stimulate serotoninergic (5-HT3),
dopaminergic (d2), histaminergic (H1), and mus-
carinic (M1) receptors. The vomiting center, rather
than a discrete area, is a neural network comprised
of the chemoreceptor trigger zone, area postrema,
and nucleus tractus solitarius.



Phenothiazines and butyrophenones act on
D2, H1, and MI1 receptors. Benzamides, such
as metoclopramide and domperidone, affect
5-HT3 and 5-HT4 receptors; scopolamine is an
MIl-receptor antagonist; and diphenhydramine
and cyclizine are Hl-antagonists. Specific 5-HT3-
receptor antagonists, such as ondansetron and
granisetron, represent the most recently developed
class of antiemetics.

Answer: B

Sung YF (1996) Risks and benefits of drugs used in the
management of postoperative nausea and vomiting.
Drug Safety 14, 181-97.

Yap GY, Camm AJ (2003) Drug induced QT prolongation
and torsades de pointes. Heart 89, 1363-72.

5. A 53-year-old woman who weighs 100 kg and is
5 ft tall fell down several stairs and sustained an anterior
right hip dislocation. Her past medical history was
positive for chronic alcoholism. She underwent operative
reduction. Preoperatively, her blood urea nitrogen is
32mg/dl, serum creatinine is 3.3 mg/dL, serum glucose
was 155 mg/dL, asparate amiontransaminase 315 U/L,
and international normalized ratio (INR) was 1.4. The
following day, she developed sudden onset of shortness
of breath. Pulmonary embolism diagnosis was made.
Enoxaparin 100 mg q 12 h subcutaneously was begun.

Which one of the following statements about the cur-
rent enoxaparin dose is most correct?

A. She is excessively anticoagulated, because dosing
should be based on ideal body, not actual body weight

B. She is inadequately anticoagulated, because of morbid
obesity and increased volume of distribution

C. She is inadequately anticoagulated, because of hepatic
dysfunction

D. She is excessively anticoagulated, because of renal
dysfunction

E. She is inadequately anticoagulated, because of
increased cytochrome P450 activity

Low-molecular-weight heparins (LMWHs) do
not undergo hepatic metabolism and primarily
undergo renal elimination. Thus, answer C is not
correct. Generally, dosing of LMWH is based on
actual body weight. However, if a patient weighs
more than 140kg (this patient is only 100kg),
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using standard dosing may cause excessive antico-
agulation. This patient is likely to be over anticoag-
ulated from LMWH accumulation due to her renal
dysfunction, not from excessive LMWH dose.

The primary advantages of LMWH, compared
with unfractionated heparin (UFH), are better
bioavailability and consistency of action. Dose-
independent renal clearance of LMWHs results in
predictable antithrombotic activity; thus, anticoag-
ulation monitoring is typically not needed.

Answer: D

Hirsch J, Warkentin TE, Shaughnessy SG, et al. (2001)
Heparin and low-molecular-weight heparin: Mecha-
nisms of action, pharmacokinetics, dosing, monitoring,
efficacy, and safety. Chest 119, 64S-94S.

6. A 52-year-old woman with diabetes was treated 10
days ago for a urinary tract infection by the medical
service. She was readmitted 3 days ago with diarrhea,
abdominal pain and fever. She had stool samples sent for
Clostridium difficile toxin and then was started empir-
ically on Flagyl 500 mg orally every 8 hours. She was
transferred to the ICU for confusion, hypotension, abdom-
inal distention, and continued severe diarrhea.

All of the following would be appropriate treatment
considerations except:

A. Vancomycin PO
. Surgical consultation
. Intravenous immunoglobulin

. Tigecycline IV

M 9 o W

. Vancomycin IV

Clostridium difficile infection (CDI) has become
more refractory to standard therapy. Recent data
showed severe refractory CDI successfully treated
with tigecycline. Oral vancomycin is now advo-
cated as the therapy of choice for severe CDI.
Vancomycin administered intravenously does not
reach therapeutic levels in the colonic lumen.
Metronidazole, administered either orally or intra-
venously, only reaches low therapeutic levels in
the colon. Therefore, even a slightly elevated min-
imal inhibitory concentration (MIC) of C. difficile
for metronidazole may lead to therapy failure.
Recently, C. difficile was reported to have low MIC
values for tigecycline.
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Because C. difficile colitis is a toxin-mediated dis-
ease, it has been assumed that immune globulin
acts by binding and neutralizing toxin. Off-label use
of pooled IVIG from healthy donors has been used
in cases of severe refractory C. difficile infection and
in patients with recurrent disease.

Surgical management should be considered in
patients with severe CDI who fail to respond to
medical therapy or have signs of systemic toxicity,
organ failure, or peritonitis.

Answer: E

Herpers BJ, Vlaminckx B, Burkhardt O, et al. (2009)
Intravenous Tigecycline as adjunctive or alternative
therapy for severe refractory Clostridium difficile infec-
tion. Clinical Infectious Diseases 48, 1732-5.

McPherson S, Rees CJ, Ellis R, ef al. (2006) Intravenous
immunoglobulin for the treatment of severe, refractory
and recurrent Clostridium difficile diarrhea. Diseases of
the Colon and Rectum 49, 640-645.

Synnott K, Mealy K, Merry C, et al. (1998) Timing
of surgery for fulminating pseudomembranous colitis.
British Journal of Surgery 85, 229-31.

7. Which one of the following statements is not true in
reference to the use of vasopressin in septic shock?

A. Septic shock is associated with a relative vasopressin
deficiency

B. Low-dose (0.01 to 0.04 U/min) vasopressin infusion
increases plasma vasopressin levels, increases mean
arterial blood pressure, and reduces the required dose
of catecholamine vasopressors (i.e. norepinephrine)

C. Vasopressin decreases mortality of patients who have
septic shock

D. The most likely mechanism of action of vasopressin
in septic shock is binding to the Vl1a receptor causing
vasoconstriction

E. Low-dose vasopressin infusion appears safe for the
treatment of septic shock

Vasopressin is an endogenous hormone secreted
from the posterior pituitary. Normally, plasma
vasopressin  concentrations in humans are
<4 pg/ml. Hypotension is the most potent stimulus
to vasopressin secretion. In cardiogenic shock
and severe hemorrhagic shock, vasopressin
concentrations increase to >20pg/ml and 100 to

1000 pg/ml, respectively. In septic shock, there
is a relative vasopressin deficiency. In recent
studies in septic shock patients, vasopressin
levels are low and patients developed a relative
vasopressin deficiency. Vasopressin exerts its effects
through interaction with vasopressin receptors.
Vla receptors are located on smooth muscle
cells and are responsible for vasoconstriction. In
multiple studies in septic shock patients, low dose
vasopressin (0.01 to 0.04 U/min) increased plasma
vasopressin concentrations to 100 pg/ml, increased
mean arterial blood pressure, caused no change or
decrease in heart rate, reduced the required dose of
catecholamines (such as norepinephrine) needed.
However, the studies have shown no significant
difference in overall mortality. In the only
large randomized controlled trial of vasopressin
(VASST), there were no safety concerns.

Answer: C

Dunser MW, Mayr AJ, Ulmer H, ef al. (2003) Arginine
vasopressin in advanced vasodilatory shock: A ran-
domized, prospective, controlled study. Circulation 107,
2313-19.

Russell JA, Walley KR, Singer J, et al. (2008) Vasopressin
versus norepinephrine infusion in patients with septic
shock. New England Journal of Medicine 358, 877-87.

8. Which one of the following statements is NOT true
as it relates to the use of benzodiazepines in the ICU for
sedation?

A. Benzodiazepines have anxiolytic, sedative-hypnotic,
muscle relaxant, and anticonvulsant properties

B. Benzodiazepines are effectively removed with
hemodialysis, which is recommended for management
of overdose

C. The mechanism of action of benzodiazepines is to
modulate the subunits of the gamma amino butyric
acid (GABA,) receptor

D. Midazolam has rapid onset of action and a short half-
life of 1.5 to 3.5 hours

E. When used for prolonged periods, the solvent used for
lorazepam infusion has been reported to cause acute
tubular necrosis and lactic acidosis

The benzodiazepines are the most common seda-
tive medications used in the ICU. They have
anxiolytic, sedative-hypnotic, muscle relaxant and



anticonvulsant properties. Their mechanism of
action is to modulate the benzodiazepine receptor
(subunits of GABA4 receptor). The binding of ben-
zodiazepines to the GABA, receptor increases the
affinity of GABA and its receptor, thereby increas-
ing the opening frequency of GABA, receptor.
As a consequence of this, benzodiazepines poten-
tiate GABAergic neurotransmission. Most benzo-
diazepines are metabolized by the liver and the
metabolites are excreted by the kidneys. Thus,
benzodiazepines are not effectively removed by
hemodialysis. Midazolam is a short-acting benzo-
diazepine that has a half-life between 1.5 and
3.5 hours. Midazolam has properties that make
it useful for continuous infusion because it has
a rapid onset of effects, it is potent, and patients
are usually awakened rapidly after discontinuation
of the infusion. Midazolam elimination may be
decreased in critically ill patients with low albumin,
decreased renal function, or obesity. Lorazepam
is recommended in the ICU for patients requir-
ing sedation for longer than 24 hours. However,
the solvent used for lorazepam infusion contains
propylene glycol and with prolonged use or high
dosage has been reported to cause acute tubular
necrosis, lactic acidosis and a hyperosmolar state.

Flumazenil is used as an antidote in the treat-
ment of benzodiazepine overdoses. It reverses the
effects of benzodiazepines by competitive inhibition
at the benzodiazepine binding site on the GABA,
receptor.

Answer: B

Murray MJ, Oyen LJ, Browne WT (2008) Use of sedative,
analgesics, and neuromuscular blockers. In: Parrillo JE,
Dellinger RP (eds) Critical Care Medicine: Principles of
Diagnosis and Management in the Adult, 3rd edn,
Mosby, Philadelphia, PA, pp. 327-42.

9.  Which one of the following is the correct mechanism
of action of dexmedetomidine?

A. It has been proposed to act as a sodium channel
blocker

B. It inhibits dopamine-mediated neurotransmission in
the cerebrum and basal ganglia

C. It acts to modulate subunits of the GABA 4 receptor in
the limbic system of the brain
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D. It acts by binding to o,-adrenoreceptors located in
the locus coeruleus, subsequently releasing nore-
pinephrine and decreasing sympathetic activity

E. Its effects are mediated by the activation of the
receptor

Dexmedetomidine is a new sedative agent that
acts by binding to a,-adrenoreceptors located in
the locus coeruleus with an affinity of 1620:1
compared with the affinity of the «,-receptor. At
this site, it releases norepinephrine and decreases
sympathetic activity. It has sedative, analgesic and
amnestic properties.

Answer: D

Murray MJ, Oyen LJ, Browne WT (2008) Use of sedative,
analgesics, and neuromuscular blockers. In Parrillo JE
and Dellinger RP (eds) Critical Care Medicine: Principles of
Diagnosis and Management in the Adult, 3rd edn, Mosby,
Philadelphia, PA, pp. 327-42.

10.  Which one of the following definitions of pharma-
cokinetic and pharmacodynamic principles in the criti-
cally ill patient is incorrect?

A. Drug absorption is altered by gut wall edema, changes
in gastric or intestinal blood flow, concurrent admin-
istration of enteral nutrition and incomplete oral
medication dissolution.

B. Volume of distribution is altered by fluid shifts,
hypoalbuminemia, and mechanical ventilation.

C. Metabolic clearance by the liver, mostly via the
cytochrome P450 system, may be compromised in the
critically ill patient by decreases in hepatic blood flow,
intracellular oxygen tension and cofactor availability.

D. Alterations in renal function increase the half-life
of medications cleared via the kidney and result in
accumulation of drugs or their metabolites.

E. The response to antibiotics that have time-dependent
killing pharmacodynamics would be improved by
administering a higher dose of drug to increase the
area under the inhibitory curve.

Critically ill patients have alterations in both
pharmacokinetics and pharmacodynamics of med-
ications. Pharmacokinetics characterizes what the
body does to a drug—the absorption, distribution,
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metabolism and elimination of the drug. Pharma-
codynamics is what the drug does to the body
and describes the relationship between the con-
centration of drug at the site of action and the
clinical response observed. Many factors atfect drug
absorption, distribution and clearance in the crit-
ically ill patient. Failure to recognize these varia-
tions may result in unpredictable serum concen-
trations that may lead to therapeutic failure or
drug toxicity. Drug absorption is altered by gut wall
edema and stasis, changes in gastric and intestinal
blood flow, concurrent medications and therapies
such as enteral nutrition and incomplete disin-
tegration or dissolution of oral medications. The
volume of distribution describes the relationship
between the amount of drug in the body and
concentration in the plasma. Fluid shifts, partic-
ularly after fluid resuscitation, and protein bind-
ing changes that occur during critical illness alter
drug distribution. Plasma protein concentrations
may change significantly during critical illness and
may affect the volume of distribution by altering
the amount of the active unbound or free drug.
Metabolic clearance by the liver is the predominant
route of drug detoxification and elimination. With
hepatic dysfunction that may occur in the critically
ill patient, drug clearance may be decreased sec-
ondary to reduced hepatic blood flow, decreased
hepatocellular enzyme activity or decreased bile
flow. A common pathway for drug metabolism
is the cyctochrome P45 system. Critical illness
may compromise this system by decreasing hepatic
blood flow, intracellular oxygen or cofactor avail-
ability. Antibiotics are usually categorized as having
either concentration dependent or time-dependent
killing. The activity of concentration-dependent
antibiotics increases as the peak serum concentra-
tions of drug increase. Time-dependent antibiotics
kill at the same rate regardless of the peak serum
concentration that is attained above the MIC (min-
imum inhibitory concentration). Thus, an increase
in dose is not associated with improved AUIC (area
under the inhibitory concentration curve). Instead,
increasing dosing frequency would improve antibi-
otic killing.

Answer: E

Devlin JW, Barletta JF (2008) Principles of drug dosing
in critically ill patients. In Parrillo JE and Dellinger

RP (eds) Critical Care Medicine: Principles of Diagnosis and
Management in the Adult, 3rd edn, Mosby, Philadelphia,
PA, pp. 343-76.

11.  Antibiotic resistance is a world crisis. Most noso-
comial outbreaks caused by antibiotic-resistant micro-
organisms have occurred in patients hospitalized in an
ICU. Which of the following statements is an incorrect
principle of antimicrobial therapy?

A. Fever without other indications of infection should
mandate antimicrobial therapy in an ICU patient

B. Unless antimicrobial therapy is being given for sur-
gical prophylaxis, gram-stain smears, cultures and
other appropriate diagnostic tests should be obtained
prior to starting antimicrobial therapy for treatment
of presumed infection in an ICU patient

C. The need for continued antimicrobial therapy should
be reassessed daily. If diagnostic studies are negative
after 72 hours and the patient is not exhibiting signs
of sepsis, antibiotic therapy should be discontinued

D. Surgical antimicrobial prophylaxis should not extend
beyond 24 hours postoperatively

E. If cultures identify the infecting micro-organism(s),
therapy should be modified to the most narrow-
spectrum drug(s) likely to be effective

Antimicrobials are widely misused and overused.
Methods of controlling antimicrobial use include
restricted formularies, policies on clinical micro-
biology laboratory on reporting of susceptibility
testing, and automatic stop orders for surgical pro-
phylaxis. Several principles can reduce unnecessary
antimicrobial therapy and improve the use of the
drugs that are given. Fever without indications of
infection should nof mandate automatically begin-
ning antimicrobial therapy in an ICU patient. Fever
is not uncommon in the postoperative patient,
especially in the early postoperative period. Appro-
priate cultures should be obtained and empiric
antibiotics started if indicated, especially if the
patient is exhibiting signs and symptoms consis-
tent with sepsis. The need for continued antibiotic
therapy should be reassessed daily and if diag-
nostic tests are negative in 48-72 hours without
signs of sepsis, antimicrobial therapy should be



stopped. Surgical antimicrobial prophylaxis should
not extend beyond 24 hours postoperatively and,
in most cases, can be limited to one postopera-
tive dose. If cultures identify the infecting micro-
organism or micro-organisms, antimicrobial ther-
apy should be modified as soon as possible to the
most narrow-spectrum drug or drugs likely to be
effective.

Answer: A

Dellit TH, Owens RC, McGowan Jr JE, et al. (2007)
Infectious Diseases Society of America and the Society
of Healthcare Epidemiology of America guidelines for
developing and institutional program to enhance stew-
ardship. Clinical Infectious Diseases 44, 159-77.

Maki DG, Crnich CJ, Safdar N (2008) Nosocomial infec-
tion in the intensive care unit. In Parrillo JE and
Dellinger RP (eds) Critical Care Medicine: Principles of
Diagnosis and Management in the Adult, 3rd edn, Mosby,
Philadelphia, PA, pp. 1003-69.

12. A 76-year-old obese woman (100 kg) with dia-
betes and a history of methicillin-resistant staph aureus
(MRSA) soft-tissue skin infection develops ventilator-
associated pneumonia following sigmoid colon resection
with colostomy and Hartmann's procedure for perfora-
tion from diverticulitis. Broncho-alveolar lavage gram-
stain shows mamny gram-positive cocci.

From microbial sensitivity, pharmacokinetic and phar-
macodynamic perspectives, which one of the following
antimicrobial agents is likely to give optimal empiric
treatment?

A. Cefepime 1 gm IV q 12 hours

B. Vancomycin 1 gm 1V q 12 hours
C. Linezolid 600mg IV q 12 hours
D. Daptomycin 500 mg IV q 24 hours
E

. Quinupristin/dalfopristin 500mg IV q 12 hours

This patient is at increased risk for, and
likely has, a MRSA ventilator-associated pneu-
monia (VAP). Cefepime has activity against most
Gram-negative bacilli, but poor activity against
methicillin-resistant S. aureus and enterococci. Van-
comycin is still the standard antibiotic for the
treatment of nosocomial pneumonia. Vancomycin
has very poor lung tissue penetration. Thus, among
the choices listed, vancomycin would may not be

Pharmacology and Antibiotics 101

the best choice. Specifically, the dose suggested
here is not likely to result in adequate lung pen-
etration. There are great concerns about the inac-
tivation of daptomycin by pulmonary surfactants
and thus it is not recommended for treatment of
MRSA pneumonia. Linezolid has been shown in
several studies to have excellent lung penetration.
Quinupristin-dalfopristin (Synercid) is bacterici-
dal for clindamycin-susceptible isolates of MRSA.
However, clinical response rates of MRSA pneu-
monia were only 19% for quinupristin-dalfopristin
when compared with a 40% response rate for
vancomycin.

Answer: C

American Thoracic Society/Infectious Diseases Society
of America (2005) Guidelines for the management
of adults with hospital-acquired, ventilator-associated,
and health care-associated pneumonia. American Jour-
nal of Respiratory Critical Care Medicine 171, 388-416.

13. Which one of the following statements related to
fluoroquinolones is incorrect:

A. Fluoroquinolones are bactericidal agents that act by
interfering with DNA gyrase, thus impairing DNA
synthesis, repair and transcription resulting in bacte-
rial cell lysis

B. Similar to B-lactams, fluoroquinolones kill in a time-
dependent manner

C. Fluoroquinolones penetrate well into secretions and
inflammatory cells within the lung and may achieve
concentrations that may exceed plasma concentrations

D. Fluoroquinolones are highly bioavailable with oral
administration reaching similar concentrations via
oral and intravenous administration

E. Fluoroquinolones, in comparison to other antibiotic
classes, rank among the highest for risk of causing C.
difficile colitis

Fluoroquinolones are bactericidal agents that act
by interfering with DNA gyrase. They impair DNA
synthesis, repair and transcription, resulting in bac-
terial cell lysis. Unlike B-lactams, fluoroquinolones
kill in a concentration-dependent manner related to
the Cmax:MIC (concentration maximum: mini-
mum inhibitory concentration) and the AUC:MIC
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(area under the curve: minimum inhibitory
concentration) of drug concentration relative to
organism susceptibility. Features of quinolones
make them well suited for treatment of respiratory
infections. They penetrate well into secretions and
inflammatory cells within the lung. Pulmonary
concentrations may exceed plasma concentrations.
In addition, quinolones are nearly 100% bioavail-
able with oral administration. The high bioavail-
ability of these agents permits easy transition from
intravenous to oral therapy. C. difficile-associated
diarrhea (CDAD) has been associated with fluo-
roquinolones, just like with almost all antibiotics.
When compared to other antibiotics, however, the
risk of CDAD was found to be 2.5 times greater.

Answer: B

Mehlhorn AJ, Brown DA (2007) Safety concerns with flu-
oroquinolones. Annals of Pharmacotherapy 41, 1859-66.

Owens RC, Ambrose P (2005) Antimicrobial safety:
focus on fluoroquinolones. Clinical Infectious Diseases 41,
S144-517.

14. 4 65-year-old man has been in the ICU for
one week following an open cholecystecomy secondary
to gangrenous cholecystitis with bacteremia. Intravenous
ceftazidime was started empirically perioperatively. The
blood culture was positive for Escherichia coli sensitive
to ceftazidime, cefepime, and meropenem, but resistant to
aztreonam and piperacillin.

On day 2 of treatment, the patient continues to have
fever and tachycardia. Which one of the following inter-
ventions is the best antimicrobial treatment strategy for
this patient?

A. Discontinue ceftazidime, and start cefepime
. Add gentamicin
. Add fluoroquinolone

. Discontinue ceftazidime, and start meropenem

m O a W

. Continue ceftazidime and add fluconazole

Despite the susceptibility results, the organ-
ism is not actually sensitive to ceftazidime. Cef-
tazidime is a potent inducer of chromosomal
B-lactamase expression. Extended spectrum (-
lactamases (ESBLs) are plasmid-mediated enzymes
that inactivate all B-lactam antibiotics, except for
cephamycins (cefoxitin) and carbapenems. Detec-

tion of ESBLs is often difficult. Some microbi-
ology laboratories do not employ reliable meth-
ods, which may result in false susceptible report-
ing of ESBL strains to cefotaxime, ceftazidime
and ceftriaxone. Cefepime, a fourth-generation
cephalosporin, does not appear to induce this type
of chromosomal-mediated resistance to the same
degree as ceftazidime, but is susceptible to the
action of ESBLs. Most ESBLs also co-express resis-
tance to other agents including aminoglycosides
and fluoroquinolones.

Carbapenems (specifically meropenem) are the
most effective agents against ESBLs. An ESBL E-
test should be performed for this isolate, and the
patient should be started on meropenem pending
the results.

Answer: D

Pfaller MA, Segreti J (2006) Overview of the epidemi-
ological profile and laboratory detection of extended-
spectrum beta-lactamases. Clinical Infectious Disorders 42,
S153-S163.

The next paragraph relates to questions 15 and 16.

An 18-year-old boy sustained multiple gunshot wounds to
the abdomen. He underwent multiple laparotomies with
resection of multiple enterotomies and delayed abdominal
closure. He received antibiotic prophylaxis with cefoxitin
for his laparotomies. On post-op day 10, he developed
pneumonia. He had a bronchoaveolar lavage that grew
P. aeruginosa.

15. Which one of the following antimicrobial med-
ications would be least likely to successfully treat this
patient?

A. Levaquin 750mg IV q 24 hr
. Piperacillin/tazobactam 4.5 gm IV q 6 hr
. Ceftriaxone 1 gm IV q 24 hr

. Meropenem 500mg IV q 6 hr

o 9 o W

. Amakacin 15mg/kg IV q24 hr

16. How long should this patient receive treatment for
this micro-organism?

A. 5days
B. 10 days



C. 8days
D. 12 days
E. 14 days

P. aeruginosa is a ubiquitous, avirulent oppor-
tunist organism. Its virulence is enhanced in crit-
ically ill patients. Therapy is complicated by both
intrinsic and acquired resistance to a diverse spec-
trum of antimicrobials. Although antibiotic resis-
tance in gram-negative bacilli may occur by means
of several mechanisms, one that provides a foun-
dation for understanding resistance is related to
B-lactamase production in gram-negative organ-
isms. These enzymes can be divided into categories
of type I and non-type I enzymes. Type I B-
lactamases are chromosomally mediated, with pro-
duction controlled by the ampC gene. The micro-
organisms that produce these enzymes are Ser-
ratia, P. aeruginosa, Acinetobacter, Citrobacter and
Enterobacter. The mnemonic “SPACE bugs” may
be used to remember these organisms. Nosoco-
mial infections of lung, skin, urine or blood are
caused by one of these pathogens 20% of the
time. The four classes of antibiotics that have
the most predictable stability in the presence of
the Type I B-lactamases are aminoglycosides, car-
bapenems, fluoroquinolones, and fourth gener-
ation cephalosporins (i.e., cefepime). Type I B-
lactamases have an affinity for cephalosporins and
thus, third-generation cephalosporins are 7ot stable
in the presence of these enzymes (i.e., ceftriax-
one). In addition, B-lactamase inhibitors, clavu-
lanic acid, sulbactam and tazobactam also lack
stability against these enzymes; however, tazobac-
tam is the most likely to resist their destruction.
Thus, piperacillin/tazobactam is effective against
this micro-organism and is considered an anti-
pseudomonal penicillin.

Answers: 15: C, 16: E

Godke J, Karam G (2008) Principles governing antimicro-
bial therapy in the intensive care unit. In Parrillo JE
and Dellinger RP (eds) Critical Care Medicine: Principles of
Diagnosis and Management in the Adult, 3rd edn, Mosby,
Philadelphia, PA, pp. 1071-88.

Chastre J, Wolft M, Fagon JY, et al. (2003) Comparison
of 8 vs. 15 days of antibiotic therapy for ventilator-
associated pneumonia in adults: a randomized trial.
Journal of the American Medical Association 290, 2588-98.
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17. A 53-year-old previously healthy man underwent
sigmoid resection and Hartmann procedure for perforated
sigmoid diverticulitis. On postop day 10, he developed sep-
sis. Blood, sputum, and urine cultures were obtained. The
ICU sepsis bundle, which included fluconazole 200 mg
IV q 24 hours, was ordered. This patient had previously
received fluconazole for Candida in his sputum and urine.
Two other patients in this ICU have C. glabrata.

Which one of the following would be the best antifun-
gal treatment for this patient?

A. Continue with the current fluconazole as provided in
the sepsis bundle

B. Increase the dose of fluconazole to 400 mg IV q 24 hrs

C. Change the fluconazole to voriconazole 5mg/kg IV q
12 hrs

D. Change the fluconazole to caspofungin 70mg 1V ini-
tially, then 50 mg IV q 24 hr

E. Change out his Foley catheter and hold antifungal
therapy

Although C. albicans is the most common
pathogen in oropharyngeal and cutaneous candidi-
asis, non-albicans species of Candida are increas-
ingly frequent causes of invasive candidiasis. Can-
didemia may be treated initially with fluconazole,
voriconazole, amphotericin B or a candin (e.g.
caspofungin). In critically ill and hemodynamically
unstable patients, amphotericin B lipid prepara-
tion or candins are preferred because of their
broader spectrum of activity and more rapid onset
of action. Because of their greater safety, candins
are increasingly viewed as initial agents of choice.
Bloodstream isolates of C. albicans, C. tropicalis and
C. parapsilosis are generally susceptible to flucona-
zole and amphotericin B. Isolates of C. glabrata
and C. krusei will often be resistant to fluconazole.
In immunocompetent patients a history of azole
use and an increased incidence of C. glabrata and
C. krusei in the same ICU (such as in the example
given above in this patient) will decrease the likeli-
hood of azoles eradicating the candidemia.

Answer: D

Ostrosky-Zeichner L, Rex JH (2008) Antifungal and
antiviral therapy. In Parrillo JE and Dellinger RP (eds)
Critical Care Medicine: Principles of Diagnosis and Manage-
ment in the Adult, 3rd edn, Mosby, Philadelphia, PA,
pp. 1089-109.
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18. A 43-year-old diabetic woman who is found to
have a fever of 39.0°C and blood pressure 81/43 mm
Hyg 18 hours after exploratory laparotomy for lysis of
adhesions. She is transferred to the ICU and her exam-
ination is notable for acute distress with erythema and
bullous lesions near the surgical wound. Aspiration of
one of the lesions reveals numerous white blood cells with
Gram-positive cocci in chains. What is the antibiotic that
would be most helpful in reducing toxin production in this
patient?

A. Clindamycin
B. Ciprofloxacin
C. Aztreonam
D. Cefepime

E. Gentamicin

Necrotizing soft tissue infection is an uncom-
mon, severe infection that causes necrosis of the
subcutaneous tissue and fascia with sparing of the
underlying muscle. Two types, based on micro-
biology, are described. In type I, at least one
anaerobic species is isolated along with one or
more facultative anaerobes and members of Enter-
obacteriaceae. In type II, group A streptococci
(GAS) are generally isolated alone (also known
as hemolytic streptococcal gangrene). Predispos-
ing factors include blunt and penetrating trauma,
varicella infection, intravenous drug abuse, surgical
procedures, childbirth, and possibly nonsteroidal
anti-inflammatory drug use, but necrotizing soft
tissue infections may occur in the absence of an
obvious portal of entry. Type II necrotizing fasciitis
is commonly associated with Streptococcal toxic
shock syndrome. The involved area is extremely
painful, erythematous, and edematous. Infection
spreads widely in deep fascial planes with relative
sparing of the overlying skin and therefore may
be unrecognized. This form of necrotizing fasciitis
is present in approximately 50% of cases of strep-
tococcal toxic shock syndrome. The skin becomes
dusky and bullae develop. Streptococci can usually
be cultured from the fluid in the early bullae or
from blood. Mortality from this infection is high.
Treatment consists of penicillin and clindamycin.
Intravenous immunoglobulin administration may
also be considered.

Recent studies suggest clindamycin is superior to
penicillin in the treatment of necrotizing fasciitis

due to GAS. Penicillin failure is probably due to
a reduction in bacterial expression of critical peni-
cillin binding proteins during the stationary growth
phase of these bacteria. Clindamycin is likely more
effective because it is not affected by inoculum size
or stage of growth, suppresses toxin production,
facilitates phagocytosis of S. pyogenes by inhibiting
M-protein synthesis, suppresses production of reg-
ulatory elements controlling cell wall synthesis, and
has a long post antibiotic effect.

Answer: A

Sarani B, Strong M, Pascual J, et al. (2009) Necrotizing
fasciitis: current concepts and review of the literature.
Journal of the American College of Surgeons 208, 279-88.

19. Which one of the following statements related to
vasopressors used in the ICU is incorrect:

A. Dobutamine is an inotropic agent and sympath-
omimetic. Its mechanism of action is via selective
stimulation of B 1-adrenergic receptors.

B. Epinephrine is an inotropic agent and endogenous
catecholamine. Its mechanism of action is via stimu-
lation of both o and B adrenergic receptors.

C. Milrinone is inotropic agent and phosphodiesterase 3
inhibitor. It prevents the breakdown of cyclic adeno-
sine monophosphate (cAMP) in muscle and leads to
increased Ca™ ions in proximity to contractile fibers
of cardiac muscle. It also has significant vasodilatory
effects and some chronotropic effect.

D. Norepinephrine is a direct-acting sympathomimetic.
Its mechanism of action is via stimulation of both o
and B-adrenergic receptors. It has significant inotropic
and vasoconstrictor effects and minimal chronotropic

effects.

E. Phenylephrine is a synthetic sympathomimetic. Its
mechanism of action is primarily via stimulation of
B adrenergic receptors. It has significant chronotropic
and inotropic effects and vasodilation.

Dobutamine is an inotropic agent and syn-
thetic catecholamine. Its mechanism of action is
via the stimulation of B1-adrenergic receptors. It
has 3+ inotropic effect, 2+ chronotropic effect
and 14 vasodilatory effects. Epinephrine is an
inotropic agent and endogenous catecholamine. Its



mechanism of action is to stimulate both a and
B adrenergic receptors. It has 4+ inotropic effect,
44 chronotropic effect,and 44 vasoconstriction.
Milrinone is an inotropic agent. It is a phospho-
diesterase 3 inhibitor that potentiates the effectof
cyclic adenosine monophosphate (cAMP) by pre-
venting the breakdown of cAMP in muscle lead-
ing to increased Ca™ ions in proximity to con-
tractile fibers of cardiac muscle. Milrinone also
enhances relaxation of the left ventricle by increas-
ing Ca®T-ATPase activity on the cardiac sarcoplas-
mic reticulum. This increases calcium ion uptake.
It has positive inotropic, vasodilating and mini-
mal chronotropic effects. It is used in the man-
agement of heart failure typically when conven-
tional treatment with vasodilators and diuretics has
proven insufficient. Norepineprine is an adrenergic
agent and endogenous catecholamine. Its mecha-
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nism of action is via stimulation of both a and
B-adrenergic receptors (primarily «). It has 2+
inotropic effect, minimal chronotropic effect, 44
vasoconstriction. Phenylephrine is a pure vasocon-
strictor (pure a-adrenergic agonist) without direct
cardiac effect. It may cause reflex bradycardia.
Isoproterenol is a synthetic sympathomimetic agent
with primarily B adrenergic effects. It has large (4+)
chronotropic effect, 4+ inotropic effect, and 3+
vasodilation.

Answer: E

Gonzalez ER, Kannewurf BS, Hess ML (2000) Inotropic
therapy and the critically ill patient. In: Grenvik A,
Ayres SM, Holbrook PR, et al. (eds) 4th ed. Textbook of
Critical Care, WB Saunders, Philadelphia, PA, 4th edn,
pp. 1123-30.



Chapter 10 Transfusion, Hemostasis

and Coagulation

Stacy Shackelford, MD, FACS and Kenji Inaba, MD, FRCSC, FACS

1. A 45-year-old man was admitted to the ICU five
days ago after a motorcycle crash in which he suffered a
severe left pulmonary contusion, pneumothorax, cardiac
contusion, humerus fracture, clavicle fracture, and
brachial plexus injury. Blood pressure is stable. He is
currently undergoing a spontaneous breathing trial. The
patient’s hemoglobin is 8.1g/dL, platelets 30 000/mm?’,
prothrombin time 18s, and partial thromboplastin
time 42s.

Which blood products should be transfused at this
time?

. Red blood cells, platelets, and fresh-frozen plasma
. Red blood cells and platelets
. Red blood cells

. Platelets

oM 9 a0 W o>

. No blood products

In this stable trauma patient without evidence
of active bleeding, no blood products are needed
at this time. A restrictive transfusion strategy
maintaining hemoglobin at 7.0-9.0 g/dL has been
shown to be as effective as a liberal transfusion
strategy maintaining hemoglobin concentration at
10.0-12.0g/dL. For those with an APACHE II score
<20, 30-day mortality is significantly less with a
restrictive strategy.

In the absence of clinical bleeding, FFP trans-
fusion has been association with increased mor-
tality and an increased incidence of acute lung
injury.

Evidence to support prophylactic platelet trans-
fusion in critically ill patients without active
bleeding is conflicting. Several authors have rec-

Surgical Critical Care and Emergency Surgery: Clinical Questions and Answers,

First Edition. Edited by Forrest O. Moore, Peter M. Rhee,

Samuel A. Tisherman and Gerard J. Fulda.

© 2012 John Wiley & Sons, Ltd. Published 2012 by John Wiley & Sons, Ltd.

106

ommended avoidance of prophylactic platelet
transfusion altogether, while others have recom-
mended thresholds ranging from 10000/mm’® to
100 000/mm? for patients at risk of bleeding.

Answer: E

Hébert P, Wells B, Blajchman M, et al. (1999) A multicen-
ter, randomized, controlled clinical trial of transfusion
requirements in critical care. New England Journal of
Medicine 340 (6), 409-17.

MacLennan S, Williamson L. (2006) Risks of fresh frozen
plasma and platelets. Journal of Trauma 60 (6 Suppl.),
S$46-S50.

Napolitano L, Kurek S, Luchette F (2009) Clinical prac-
tice guideline: Red blood cell transfusion in adult
trauma and critical care. Critical Care Medicine 37 (11),
3124-57.

2. A 23-year-old man was involved in a bicycle-versus-
auto accident, sustaining a large, complex laceration to the
right anterior tibial region. No other injuries were identi-
fied. Dorsal pedal and posterior pedal pulses were normal.
Admission laboratory studies showed a hemoglobin of
11.3 g/dL, platelet count 210 000/mm?, prothrombin time
of 12.8s, and activated partial thromboplastin time of
655s. He was scheduled for irrigation and debridement in
the operating room. After 3 h, the wound, which initially
manifested mild hemorrhage, developed ongoing bleed-
ing, which saturated through multiple dressings. The
bleeding was not able to be controlled with direct pres-
sure. Dorsal pedal and posterior tibial pulses remained
intact.

Which one of the following is the most likely etiology of
this patient’s bleeding?

A. Disseminated intravascular coagulation
B. Hemophilia A

C. Hypothermia



D. Von Willebrand disease

E. Arterial injury

Hemophilia may present as excessive bleeding
after trauma or surgery; frequently the bleed-
ing is delayed. Patients with mild or moderate
hemophilia A have a factor VIII level that is 1-50%
of normal. These patients may have no history
of spontaneous bleeding into joints or soft tissues,
yet may develop significant bleeding complications
after trauma or surgery. Laboratory abnormali-
ties in hemophilia are characterized by a normal
prothrombin time, variable prolongation of partial
thromboplastin time, and a normal platelet count.
The diagnosis can be confirmed with a Factor VIII
assay and treated with concentrated Factor VIIIL.
Hemophilia B (Factor IX deficiency) has a similar
presentation and treatment.

Bleeding associated with invasive procedures in
patients with clotting factor deficiencies is com-
monly delayed, and may present as large sub-
cutaneous or soft tissue hematomas. In contrast,
platelet defects including Von Willebrand disease
are typically characterized by spontaneous muco-
cutaneous bleeding and epistaxis, or immediate
bleeding and diffuse oozing at the surgical site.

Disseminated intravascular coagulation may
occur after severe trauma, however this patient’s
injury was not extensive and he had an elevated
partial thromboplastin time at presentation.

Arterial injury is unlikely given the delayed pre-
sentation of bleeding and normal distal pulses.

Answer: B

Goldman G, Holoborodska Y, Oldenburg J, ef al. (2010)
Perioperative management and outcome of general and
abdominal surgery in hemophiliacs. American Journal of
Surgery 199, 702-7.

Cohen, A (1995) Treatment of inherited coagulation dis-
orders. American Journal of Medicine 99, 675-82.

3. A 33-year-old man is undergoing exploratory
laparotomy for a gunshot wound to the liver with massive
hemorrhage and hemorrhagic shock. Rapid thrombe-
lastography (TEG) demonstrates a prolonged activated
clotting time (ACT), prolonged K time, decreased angle
(TEG o) and normal maximum amplitude (MA).
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Using goal-directed component replacement based
on the above rapid TEG results, this patient should
receive:

. Fresh frozen plasma
. Platelets
. Fresh frozen plasma and platelets

. Amicar

oM 9 o W o

. Cryoprecipitate

Thrombelastography has been used as a guide
to blood product replacement for acutely bleeding
patients, and has been studied as an alternative to
ratio-based mass transfusion protocols. TEG offers
the advantage of real-time point of care testing of
coagulation function in whole blood.

A rapid TEG differs from conventional TEG
because tissue factor is added to the whole blood
specimen, resulting in a rapid reaction and subse-
quent analysis.

The R value, which is recorded as activated clot-
ting time (ACT) in the rapid TEG specimen, reflects
clotting factor activation and the time to onset of
clot formation. A deficiency of clotting factors will
result in a prolonged ACT, which can be treated by
FFP transfusion.

The K value is the interval from the begin-
ning of clot formation to a fixed level of clot
firmness measured at a standard 20 mm ampli-
tude and reflects the activity of thrombin to
cleave fibrinogen. Similarly, the « angle reflects
the rate of clot formation and is another measure
of fibrinogen activity. A prolonged K value and
a decreased a angle represent a fibrinogen deficit
which can be treated by transtusion of FFP or
cryoprecipitate.

The maximum amplitude (MA) measures the
final clot strength, reflecting the end result of
platelet-fibrin interaction. If the MA is decreased
after transfusion of FFP, then platelet transfusion
should be considered.

The patient described has a prolonged ACT as
well as prolonged K time and decreased a angle.
This is best treated by FFP transfusion to replace
both the clotting factor deficiency and fibrinogen
deficiency. If the K time remains prolonged after
correction of the ACT, then cryoprecipitate can be
given.
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--------- Maximum amplitude E >

ACT /R time K time

Answer: A

Johansson P, Stensball J (2010) Hemostatic resuscitation
for massive bleeding: the paradigm of plasma and
platelets—a review of the current literature. Transfusion
50, 701-10.

Kashuk J, Moore E, Sawyer M, et al. (2010) Postinjury
coagulopathy management, goal directed resuscitation
via POC thrombelastography. Annals of Surgery 251 (4),
604-14.

4. A 68-year-old woman is admitted to the surgical
intensive care unit after a fall down five stairs where she
sustained a right femoral neck fracture. She is scheduled
for urgent pinning of the femoral neck fracture. The
patient’s home medications include warfarin which she
takes for atrial fibrillation. On admission, her labora-
tory tests show Hg 10.4 g/dL, Hct 32%, platelet count
155 000/mm’, prothrombin time 32, INR 3.1, and acti-
vated thromboplastin time 33 seconds. Six units of FFP
are ordered to reverse her anticoagulation. After transfu-
sion of two units FFP, the patient complains of shortness
of breath, and develops a fever of 38.5°C, heartrate of 115
beats per minute, and Sa0, 85 %. Respiratory status dete-
riorates rapidly, requiring intubation and mechanical
ventilation. A chest X-ray was obtained that demonstrates
diffuse bilateral infiltrates. CVP is 10 mm Hyg.

What is the most appropriate intervention?

A. Administer diuretics
B. Administer corticosteroids

C. Administer heparin bolus followed by continuous
infusion

D. Administer antibiotics
E. Aggressive respiratory support

Transtusion associated acute lung injury (TRALI)
is a serious complication of transtusion defined

as hypoxia (PaO,/FiO, <300 or SpO, <90%),
bilateral infiltrates on chest X-ray, and pulmonary
artery occlusion pressure <18 mm Hg or no clini-
cal evidence of left atrial hypertension. Additional
criteria include: acute lung injury developing dur-
ing or within six hours of transfusion, no acute
lung injury present before transfusion, or a clin-
ical course suggesting that worsening of acute
lung injury resulted from transtusion. Symptoms
include dypsnea, hypotension and fever. TRALI is
associated with transfusion of all blood products,
including plasma.

The treatment of TRALI is supportive, and
includes measures to avoid worsening of lung
injury and a restrictive transfusion policy.

The differential diagnosis of respiratory distress
during or after transfusion includes TRALI, transfu-
sion associated circulatory overload (TACO), ana-
phylactic reaction, and bacterial contamination of
blood products. The patient presented is unlikely
to have TACO as evidenced by associated fever
and relatively low CVP. Early fever, hypoxia, and
pulmonary infiltrates associated with transfusion
are most typical of TRALL

Answer: E

Benson A, Moss M, Silliman C (2009) Transfusion-
related acute lung injury (TRALI): a clinical review
with emphasis on the critically ill. British Journal of
Haematology 147, 431-43.

Insunza A, Romon I, Gonzalez-Ponte ML, et al. (2004)
Implementation of a strategy to prevent TRALI in a
regional blood center. Transfusion Medicine 14, 157-64.

5. A 22-year-old man sustained a gunshot wound to
the right upper quadrant. He arrives in the emergency
department 20 minutes after injury. Blood pressure is
70/0 mm Hyg, heart rate 140 beats per minute. Focused



Abdominal Sonography for Trauma (FAST) is positive
for intra-abdominal hemorrhage and the patient is taken
directly to the operating room. In the operating room, he is
found to have a laceration of the right lobe of the liver and
inferior vena cava with ongoing massive hemorrhage.

Current evidence most strongly supports the following
approach to blood component therapy:

A. Early use of Factor Vlla

B. Goal directed component transfusion based on PT/PTT
and platelet count

C. Avoidance of uncrossmatched blood transfusion
D. Transfusion of blood components in a fixed ratio

E. Minimizing transfusion of fresh frozen plasma

Multiple retrospective studies of patients receiv-
ing massive transfusion have shown a survival
advantage for patients who received a high ratio
of FFP:PRBC during initial resuscitation. Studies
originating from the military and civilian experi-
ence have recommended a ratio approaching 1:1:1
FFP:PRBC:platelet transfusion.

Retrospective studies of massive transfusion have
been criticized for a potential survival bias where
the patients who survived longer were able to
receive more FFP. Nevertheless, despite the flaws
in study design and the retrospective nature of
the data, massive transfusion protocols targeting a
high ratio of FFP:PRBC including the use of imme-
diately available prethawed plasma have consis-
tently demonstrated improved survival in trauma
patients.

Routine use of Factor VIIa has not demonstrated
a decrease in mortality, although subpopulations
of coagulopathic patients may benefit. Compo-
nent therapy based on traditional lab results will
result in a marked delay in administration of
FFP and platelets and likely does not accurately
reflect in vivo clotting activity. Although cross-
matched blood is preferable to minimize the risk
of transfusion reaction, initial resuscitation with
uncrossmatched or type specific blood may be
necessary.

Answer: D

Borgman M, Spinella P, Perkins J, et al. (2007) The ratio of
blood products transfused affects mortality in patients
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receiving massive transfusions at a combat support
hospital. Journal of Trauma 63, 805-13.

Holcomb J, Wade C, Michalek J, et al. (2008) Increased
plasma and platelet to red blood cell ratios improves
outcome in 466 massively transfused civilian trauma
patients. Annals of Surgery 248 (3), 447-58.

6. Liberal transfusion of packed red blood cells in stable
ICU patients is associated with:

A. Improved oxygen consumption
B. Increased incidence of nosocomial pneumonia

C. Decreased incidence of acute respiratory distress syn-
drome (ARDS)

D. Decreased mortality

E. Decreased incidence of multiorgan failure

Accumulating evidence has increasingly high-
lighted the risks and lack of efficacy of red blood
cell transfusion.

Although traditionally used to improve oxygen
delivery, multiple studies have failed to demon-
strate an improvement in end organ oxygen con-
sumption with red blood cell transfusion. This may
be partially explained by the decreased deforma-
bility and adverse microcirculatory effects of stored
red blood cells.

Risks associated with red blood cell transfu-
sion include fluid overload, fever, acute transfu-
sion reaction, increased rate of multi-organ failure,
increased infection rates, transfusion-associated
immunomodulation, human error with incorrect
blood administration, TRALI, and viral transmis-
sion.

A liberal transfusion strategy, when compared to
a restrictive red blood cell transfusion strategy, has
not been shown to improve survival.

Answer: B

Hebert P, Wells G, Blajchman M, et al. (1999) A multicen-
ter, randomized, controlled clinical trial of transfusion
requirements in critical care. New England Journal of
Medicine 340 (6), 409-17.

Napolitano L, Kurek S, Luchette F (2009) Clinical practice
guideline: red blood cell transfusion in adult trauma
and critical care. Critical Care Medicine 37, 3124-57.
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7. A hospital’s massive transfusion protocol should be
immediately activated for which of the following patients?

A. A 63-year-old man with grade IV liver laceration who
has received 4 units of packed red blood cells over the
last 12 hours in the intensive care unit.

B. A 23-year-old man with a gunshot wound to the right
chest, who had 500cc of blood drained on initial chest
tube placement.

C. A 31-year-old man with gunshot wound to the epi-
gastrium who has fluid on abdominal ultrasound
and has received 8 units of uncrossmatched blood for
hypotension in the emergency department.

D. A 55-year-old man with grade IV splenic laceration
and active contrast extravasation on abdominal CT
scan.

E. A 71-year-old woman taking warfarin for atrial fib-
rillation who sustained a loss of consciousness after
falling down a flight of stairs.

Massive transfusion protocols have been success-
fully implemented in major trauma centers and
have demonstrated an improvement in trauma
outcomes in several studies. The purpose of a mas-
sive transfusion protocol is to provide blood prod-
ucts to massively bleeding patients in an immediate
and sustained manner.

The rationale is based on retrospective studies
that have demonstrated improved survival for mas-
sive transfusion patients who received a high ratio
of FFP:PRBC transfused. Massive transfusion has
been variably defined as >10 units PRBC in the first
6-24 hours.

There are no uniformly accepted criteria for acti-
vating a massive transfusion protocol. Clinical fac-
tors associated with massive transfusion are systolic
blood pressure <90 mm Hg, heart rate >120 beats
per minute, penetrating mechanism, and positive
fluid on abdominal ultrasound. Emergency depart-
ment transfusion of uncrossmatched PRBC is also
associated with massive transfusion. Alternatively,
protocols can be initiated when a threshold of 6-10
PRBC has been transfused to ensure subsequent
transfusion of one unit of FFP for each unit PRBC.

Transfusion of FFP in patients who receive
<10 units PRBC has been shown to increase
ARDS, MSOF, and infectious complications with-
out improving survival. Therefore overly aggressive

or premature activation of a massive transfusion
protocol should be avoided. Of the above patients,
only patient C has a clear indication for initiation of
massive transfusion protocol.

Answer: C

Inaba K, Branco B, Rhee P, et al. (2010) Impact of plasma
transfusion in trauma patients who do not require
massive transfusion. Journal of the American College of
Surgeons 210, 957-65.

Nunez T, Voskresensky I, Dossett L, et al. (2009) Early
prediction of massive transfusion in trauma: simple
as ABC (assessment of blood consumption)? Journal
Trauma. 66 (2), 346-52.

Nunez T, Young P, Holcomb J, Cotton B (2010) Creation,
implementation, and maturation of a massive transfu-
sion protocol for the exsanguinating trauma patient.
Journal of Trauma 68 (6), 1498-505.

8.  Which of the following is true regarding platelets in
massive transfusion?

A. Platelets should be transfused empirically in a high
ratio

B. Platelet transfusion is unnecessary in a massive trans-
fusion if sufficient FFP is transfused

C. Apheresis platelets are more effective than pooled
donor platelets

D. Platelet transfusion should only be given for actively
bleeding patients with a platelet count less than
50 000/mm’®

E. Apheresis platelets are associated with an increased
rate of bacterial contamination compared to pooled
donor platelets

Multiple retrospective studies have demon-
strated improved survival for trauma patients who
received a high ratio of platelets to packed red blood
cells during massive transfusion of >10 units PRBC
in the first 24 hours. Although defined variably in
different studies, a high ratio of platelets to PRBC
is approximately one unit of apheresis platelets for
every 6-10 units PRBC transfused. During a mas-
sive transfusion, a high ratio platelet transfusion
should be maintained without delay for clinical
laboratory results to confirm low platelet counts.



One unit of apheresis platelets is obtained from
a single donor, while pooled platelets are com-
bined from six to eight donors. As a result, pooled
platelets have a higher risk of bacterial contamina-
tion as well as viral transmission, however there
is no difference in transfusion related lung injury,
and no study has definitely compared outcomes
between apheresis and pooled donor platelets in
trauma patients.

Answer: A

Inaba K, Lustenberger T, Rhee P, et al. (2011) The impact
of platelet transfusion in massively transfused trauma
patients. Journal of the American College of Surgeons 211,
573-9.

Zink K, Sambasivan C, Holcomb J, ef al. (2009) A high
ratio of plasma and platelets to packed red blood cells
in the first six hours of massive transfusion improves
outcomes in a large multicenter study. American Journal
of Surgeons 197, 565-70.

9. A 35-year-old man is admitted to the intensive care
unit following an emergency splenectomy and nephrec-
tomy for injuries sustained in a motorcycle crash. He
required a total of 12 units packed red blood cells intra-
operatively. What electrolyte abnormality is most likely to
occur?

A. Hypokalemia
Hyperkalemia
Hypocalcemia

Hypomagnesemia

m S oo W

Respiratory acidosis

Hypocalcemia is the most common abnormality
associated with massive transfusion, occurring in
94% of patients receiving a massive blood trans-
fusion. Stored blood is anticoagulated with citrate,
which binds calcium and causes hypocalcemia after
rapid blood transfusion. Complications of hypocal-
cemia include prolonged QT, decreased myocardial
contractility, hypotension, muscle tremors, pulse-
less electrical activity and ventricular fibrillation.

Hyper and hypokalemia are both common elec-
trolyte abnormalities following massive transtu-
sion, occurring in 22% and 18% of patients respec-
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tively. The potassium concentration of plasma
increases in stored blood, becoming higher with
increased duration of PRBC storage. Rapid trans-
fusion through a central venous catheter has been
associated with cardiac arrest in vulnerable popula-
tions, including critically ill adults.

Hypomagnesemia may be caused by dilution as
well as the binding of magnesium to citrate.

Acidosis occurs in approximately 80% of massive
transfusion patients, however is most commonly
metabolic acidosis.

Answer: C

Sihler K, Napolitano L (2010) Complications of massive
transfusion. Chest 137, 209-20.

Wilson R, Binkley L, Sabo F, et al. (1992) Electrolyte and
acid-base changes with massive blood transfusions. The
American Journal of Surgery 58 (9), 535-44.

10. A 26-year-old previously healthy woman is admit-
ted to the surgical ICU after appendectomy for perforated
appendicitis with diffuse peritonitis. She was extubated in
the operating room, but required reintubation in the post
anesthesia care unit for progressive shortness of breath
and hypoxia. Chest X-ray demonstrates diffuse bilateral
infiltrates. On the first postoperative day, platelet count is
75 000/mm?’, PT 19 seconds, PTT 505, and 00zing is noted
from 1V sites as well as with endotracheal suction. Which
of the following test results would confirm the diagnosis of
disseminated intravascular coagulation?

A. Decreased antithrombin level

B. Elevated fibrin degradation products
C. Increased bleeding time

D. Elevated fibrinogen level

E. Decreased D-dimer

Disseminated intravascular coagulation (DIC) is
characterized by widespread microvascular throm-
bosis with activation of the coagulation system and
impaired protein synthesis leading to exhaustion
of clotting factors and platelets. The end result
is organ failure and profuse bleeding from vari-
ous sites. Disseminated intravascular coagulation
is always associated with an underlying condition
that triggers diffuse activation of coagulation, most
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commonly sepsis, trauma with soft tissue injury,
head injury, fat embolism, cancer, amniotic fluid
embolism, toxins, immunologic disorders, or trans-
fusion reaction.

There is no single laboratory test that can confirm
or rule out a diagnosis of disseminated intravascu-
lar coagulation. A combination of tests in a patient
with an appropriate clinical condition can be used
to make the diagnosis. A DIC scoring system was
shown in two studies to have a sensitivity and
specificity of approximately 95% for the diagnosis
of DIC. When calculating the DIC score, a low
platelet count, elevated fibrin degradation products
or D-dimer, prolonged prothrombin time, and low
fibrinogen level were found to be consistent with a
diagnosis of DIC.

Answer: B

Levi M (2007) Disseminated intravascular coagulation.
Critical Care Medicine 35 (9), 2191-5.

Taylor F, Toh C, Hoots W, et al. (2001) Towards definition,
clinical and laboratory criteria, and a scoring system
for disseminated intravascular coagulation. Journal of
Thrombosis and Haemostasis 86, 1327-30.

11. 4 6l-year-old woman with a history of aortic
stenosis and chronic renal insufficiency underwent aortic
valve replacement. Unfractionated heparin was started 6
hours after surgery and warfarin was started on post-
operative day 3. On day 7, she developed pain in the
right lower extremity. Examination demonstrated a cool
extremity with absent distal pulses. Platelet count fell
from 220 000/mm’ on day 4 to 90 000/mm’ on day 7,
and creatinine increased from 1.8 mg/dL on day 4 to 2.9
mg/dL on day 7. She was taken to the operating room
where she underwent thrombectomy of the right femoral
artery. Intraoperatively, extensive white clot was present
in the superficial femoral artery.

Which therapeutic option is most appropriate at this
time?

A. Discontinue unfractionated heparin and start arga-
troban

B. Discontinue unfractionated heparin and start enoxa-
parin

C. Discontinue unfractionated heparin and start lep-
irudin

D. Increase unfractionated heparin

E. Discontinue anticoagulation

The patient has heparin-induced thrombocy-
topenia (HIT) type II. Heparin-induced thrombocy-
topenia is a life-threatening disorder, which occurs
after exposure to unfractionated or less commonly
low molecular weight heparin. Type I HIT is char-
acterized by a mild decrease in platelet counts
occurring after 1 to 4 days of heparin therapy.
It is nonimmune mediated and follows a benign
course, which does not require treatment. Type
II HIT usually occurs after 5 to 10 days of hep-
arin therapy and is caused by antibodies against
the heparin-platelet factor 4 complex. Heparin-
induced thrombocytopenia can occur much sooner
in patients who received prior heparin within 100
days. Orthopedic and cardiac surgery patients are at
a particularly high risk. Thrombotic complications
occur in 20 to 50% of patients.

Thrrombocytopenia is common in the critically
ill, and diagnosis of HIT can be difficult. Laboratory
confirmation includes immunoassay for the detec-
tion of PF4-heparin antibodies and a confirmatory
functional assay measuring serotonin release from
activated platelets. Delays in obtaining test results
mean that clinical decisions must be made on
the basis of clinical suspicion. The most consistent
clinical findings of HIT are a platelet fall of more
than 50% from baseline, onset on day 5 to 10,
thrombosis or skin necrosis, and no other cause for
the thrombocytopenia.

The thrombus associated with HIT has been
described as “white clot” with predominantly fibrin
platelet aggregates and few red blood cells.

Treatment of HIT includes discontinuation of all
sources of heparin and if anticoagulation is clini-
cally warranted, use of a direct thrombin inhibitor
such as lepirudin, argatroban, or bivalirudin.
Lepirudin requires renal clearance and may be best
avoided in renal insufficiency, therefore treatment
with argatroban is the best answer in this case.

Answer: A

Arepally G, Ortel T (2006) Heparin-induced thrombo-
cytopenia. New England Journal of Medicine 355 (8),
809-17.

Warkentin T (2004) Heparin-induced thrombocytopenia,
diagnosis and management. Circulation 110, e454—-e458.



12. A 55-year-old homeless man is admitted to the
ICU after being found down in a local park. He is
lethargic, hypoxic, mildly hypotensive, and tachycardic.
Chest X-ray demonstrates multiple right rib fractures
with a large right pleural effusion. Laboratory data
include white blood cell count 15 000/mm’, hemoglobin
9g/dL, platelet count 90000/mm>, prothrombin time
13, partial thromboplastin time 35 s, sodium 145 meq/L,
blood urea nitrogen 140 mg/dL, and creatinine 8 mg/dL.
Prolonged bleeding is noted from venipuncture sites.

Which therapy should be administered prior to chest
tube placement?

A. Conjugated estrogens

o]

. Platelet transfusion
C. Fresh frozen plasma
D. Desmopressin acetate

E. Hemodialysis

This patient is profoundly uremic with clinical
evidence of bleeding. Bleeding in uremic patients
is complicated by platelet dystunction and is char-
acterized by mucocutaneous bleeding and bleed-
ing in response to injury or invasive procedures.
Prothrombin time and partial thromboplastin time
may be normal, and platelet counts are normal to
slightly low. Bleeding from surgical procedures may
be ditficult to control.

Desmopressin acetate (dDAVP) at a dose of
0.3-0.4 ng/kg intravenously or subcutaneously is
the simplest and least toxic way to improve platelet
function acutely in the uremic patient. Desmo-
pressin acts by increasing the release of Factor
VII and von Willebrand factor from the endothe-
lium and will cause improvement in bleeding time
within one hour. Unfortunately, the effect is short
lived, lasting 4 to 24 hours, and tachyphylaxis
frequently develops after a second dose, limiting
its use.

Cryoprecipitate is a source of Factor VIII and
fibrinogen and may be used for acute bleeding
episodes, however the response may be unpre-
dictable in uremic patients. Cryoprecipitate should
have a rapid effect within the first hour, lasting
4-24h.

Hemodialysis can correct the bleeding time in
uremic patients, but is time consuming and may
acutely prolong bleeding through platelet activa-
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tion on artificial surfaces. More prolonged control
of bleeding in uremic patients can be achieved with
conjugated estrogens, with peak control reached
after five to seven days.

If the effusion is found to be a hemothorax, or if
there is alternative evidence of ongoing bleeding, a
platelet transfusion should be given.

Answer: D

Hedges S, Dehoney S, Hooper J, et al. (2007) Evidence-
based treatment recommendations for uremic bleeding.
Nature Clinical Practice Nephrology 3 (3), 138-53.

Mannucci P, Remuzzi G, Pusineri F, et al. (1983)
Deamino-8-d-arginine vasopressin shortens the bleed-
ing time in uremia. New England Journal of Medicine 308
(1), 8-12.

13. 4 58-year-old man sustained a fracture of the
right humerus when he fell from a ladder. His past
medical history is significant for coronary artery disease
for which he underwent coronary stenting of the left
anterior descending artery with a drug eluting stent 3
months ago. His current medications include aspirin and
clopidogrel. He does not have any other injuries. Surgical
fixation of the humerus fracture is required.

What is the best perioperative management of his
platelet inhibitors?

A. Stop aspirin and clopidogrel for seven days, then
proceed with surgery

B. Continue aspirin, stop clopidogrel for seven days, then
proceed with surgery

C. Stop clopidogrel and aspirin for five days, continue
a short acting IV antiplatelet agent until four hours
before surgery

D. Transfuse platelets and proceed with immediate
surgery

E. Stop aspirin and clopidogrel, for 5 days, then proceed
with surgery

The combination of aspirin and clopidogrel is
commonly used following coronary stent place-
ment. Placement of drug eluting stents has become
increasingly common, and current recommenda-
tions are to continue dual antiplatelet therapy for 1
year following stent placement. A bare metal stent
requires six weeks of dual antiplatelet therapy.
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Premature interruption in antiplatelet therapy is
associated with a high risk of stent thrombosis
with a resultant 64% rate of death or myocardial
infarction.

Perioperative management of antiplatelet agents
is based on balancing the risk of surgical bleeding
with the risk of stent thrombosis. In this situation, it
is important to know the indication for stenting, the
date of implant, the type of stent used, as well as the
proposed duration of current antiplatelet therapy.
Drug eluting stents placed within one year are at
high risk for thrombosis. When possible, surgery
should be delayed until after the recommended
period of dual antiplatelet therapy.

If urgent surgery must be performed, the risk and
consequences of surgical bleeding must be assessed.
For procedures with a low bleeding risk, dual
antiplatelet agents should be continued through
the surgery. For moderate and high bleeding risk
procedures, the patient may be converted to a
short-acting intravenous antiplatelet agent such as
tirofiban or abciximab; 4-6 hours after stopping the
infusion, platelet inhibition will decrease by 50%
and bleeding time will return to normal.

Answer: C

Lecompte T, Hardy J. (2006) Antiplatelet agents and peri-
operative bleeding. Canadian Journal of Anesthesiology
53 (6), s103-112.

Savonitto S, D’Urbano M, Caracciolo M, et al. (2010)
Urgent surgery in patients with a recently implanted
coronary drug-eluting stent: a phase II study of “bridg-
ing” antiplatelet therapy with tirofiban during tempo-
rary withdrawal of clopidogrel. British Journal of Anaes-
thesiology 104 (3), 285-91.

14. A 71-year-old woman taking warfarin for chronic
atrial fibrillation arrives in the emergency department
after a fall down a flight of stairs at home. A scalp
hematoma is present on the left side. She is confused,
mumbling, and unable to follow commands, but with-
draws to pain in all extremities.

What is the most important intervention to improve her
survival?

A. Rapid neurosurgical evaluation
B. Rapid administration of recombinant Factor Vila

C. Rapid evaluation, head CT, and plasma transfusion

D. Rapid administration of vitamin K

E. Early admission to a neuro intensive care unit

A protocol for the rapid evaluation, diagnosis,
and treatment of anticoagulated trauma patients
has been shown to significantly reduce the mortal-
ity of warfarin anticoagulated trauma patients with
intracranial hemorrhage.

According to the protocol, all warfarin antico-
agulated patients at risk for intracranial injury are
triaged for immediate evaluation by an emergency
room physician and emergent head CT is obtained.
Simultaneously, the blood bank is notified to thaw
two units universal donor plasma followed by two
units of type specific plasma. An immediate read of
the head CT is completed. FFP and vitamin K are
immediately given for any positive head CT.

This protocol for rapid evaluation and treatment
of warfarin associated intracerebral hemorrhage
resulted in a reduction in mortality from 48%
to 10%.

Answer: C

Ivascu F, Howells G, Junn F, et al. (2005) Rapid war-
farin reversal in anticoagulated patients with traumatic
intracranial hemorrhage reduces hemorrhage progres-
sion and mortality. Journal of Trauma 59 (5), 1131-9.

15.  Which of the following is true regarding the use of
recombinant Factor VIla in trauma patients?

A. Factor VIla may be administered in place of fresh
frozen plasma to correct the coagulopathy of trauma.

B. Treatment with Factor VIla is associated with an
increase in thrombotic complications.

C. The use of Factor VIla is cost effective for the treatment
of trauma patients.

D. Treatment with Factor VIla results in a significant
reduction in mortality in severely injured trauma
patients.

E. Treatment with Factor Vila results in a significant
reduction in red blood cell transfusion in severely
injured trauma patients.

Although recombinant Factor VIIa has been used
extensively off-label to correct coagulopathy in



multiple situations, the only FDA approved use
for Factor VIIa is for hemophiliacs with known
antibodies to Factor VIIIL

Two randomized controlled trials demonstrated
a significant decrease in red blood cell transfu-
sions for patients with severe blunt trauma, with
a trend toward decreased transfusion in penetrat-
ing trauma. Neither study demonstrated a survival
advantage with the use of Factor VIIa. The studies
did not show any increase in thrombotic complica-
tions with the use of Factor VIIa.

The high cost of recombinant Factor VIIa with
lack of proven benefit in trauma patients argues
against routine use in trauma patients.

Answer: E

Boffard K, Riou B, Warren B, ef al. (2005) Recombinant
Factor VIla as adjunctive therapy for bleeding con-
trol in severely injured trauma patients: two parallel
randomized, placebo-controlled, double-blind clinical
trials. Journal of Trauma 59 (1), 8-18.

Goodnough L, Shander A. (2007) Recombinant factor
VIla: safety and efficacy. Current Opinion in Hematology
14, 504-9.

Hauser C, Boffard K, Dutton R, et al. (2010) Results of the
CONTROL trial: efficacy and safety of recombinant acti-
vated Factor VII in the management of refractory trau-
matic hemorrhage. Journal of Trauma 69 (3), 489-500.

16. An 18-year-old boy is admitted to the surgical ICU
after a gunshot wound to the chest, right thoracotomy and
right upper lobe non-anatomic lobectomy for bleeding
near the pulmonary hilum. A wound to the thoracic spine
was difficult to control and was packed with sponges. He
received 12 units of packed red blood cells, 10 units of
fresh frozen plasma, and 1 unit of apheresis platelets in
the operating room. Vital signs: BP 100/60 mm Hg, HR
120 beats/min, temperature 32.5°C. Laboratory studies:
hemoglobin 8.5 g/dL, platelets 100 000/mm>, prothrom-
bin time 14, partial thromboplastin time 40's. Chest tube
output is 300 mL for the first hour in the ICU.

What is the most appropriate treatment for his
bleeding?

A. Transfuse FFP
B. Transfuse platelets

C. Transfuse cryoprecipitate
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D. External warming

E. Return to the operating room

Immediately following surgical control of bleed-
ing and massive resuscitation, aggressive resuscita-
tion must continue addressing all potential causes
of bleeding.

Clotting factor and platelet deficiencies can be
addressed early during resuscitation by maintaining
a high ratio of FFP and platelets to red blood
cell transfusion, followed by ongoing correction of
coagulation abnormalities when laboratory results
become available. In this patient, a platelet count
of 100 000/mm?* and slightly prolonged PT and PTT
demonstrate adequate platelets and clotting factors.

Notably, the patient is severely hypothermic.
Hypothermia <35°C has been shown to be a
strong independent risk factor for mortality in
trauma patients. Mortality increases progressively
with increasing severity of hypothermia. Hypother-
mia contributes to coagulopathy through platelet
and clotting factor dystunction. Clotting assays per-
formed in the laboratory are warmed to 35°C,
and may not represent the patient’s actual clotting
activity in vivo.

If bleeding continues after aggressive warming
and correction of clotting abnormalities, the patient
must return to the operating room without further
delay.

Answer: D

Brohi K, Cohen M, Davenport R. (2007) Acute coag-
ulopathy of trauma: mechanism, identification, and
effect. Current Opinion in Critical Care 13, 680-5.

Inaba K, Teixeira P, Rhee P, et al. (2009) Mortality impact
of hypothermia after cavitary explorations in trauma.
World Journal of Surgery 33 (4), 864-9.

17. A4 29-year-old man was involved in a motorcycle
crash. He now has a distended abdomen that is diffusely
tender. Blood pressure is 80/60 mm Hg.

What fluid should be administered?

A. Lactated ringers
B. Hypertonic saline
C. O positive blood

D. Type specific blood
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E. Crossmatched blood

The described patient has hemoperitoneum and
should be taken to the operating room for control
of any surgically correctable sources of bleeding.
Crystalloid resuscitation should be minimized and
O negative or if unavailable, O positive blood
transfused without delay. If uncrossmatched blood
resources are limited, O negative blood is reserved
for woman of child-bearing age to avoid the risk of
Rh isoimmunization, while O positive or negative
blood is used for men and women beyond child-
bearing age. O positive blood has been shown to
be safe for transfusion in hemorrhaging trauma
patients, with a very low rate of transfusion
reaction.

Advantages of using uncrossmatched type O
blood include immediate availability before type
specific blood becomes available and avoidance of
errors in multi-casualty situations. The safety of
type O blood has been improved by prescreen-
ing donor blood for anti-A and anti-B antibod-
ies which can lead to hemolysis of native red
blood cells.

Answer: C

Dutton R, Shih D, Edelman B, et al. (2005) Safety
of uncrossmatched type-O red cells for resuscitation
from hemorrhagic shock. Journal of Trauma 59 (6),
1445-9.

Sihler K, Napolitano L (2009) Massive transfusion: new
insights. Chest 136 (6), 1654-67.



Chapter 11

Analgesia and Sedation

Juan C. Duchesne, MD, FACS, FCCP and Marquinn D. Duke, MD

1. What physiologic abnormality is associated with an
increased risk of analgesic toxicity?

A. Hypocalcemia
Hypokalemia
Hypomagnesemia

Hyponatremia

m S oo w

Hypoproteinemia

Patients with hypoproteinemia have less of the
drug bound to proteins, leaving more of the drug
free. This, in turn, causes an increase in active
drug levels. The elevated drug level increases the
possibility of drug toxicity. Neither hypocalcemia,
hypokalemia, hypomagnesemia, nor hyponatremia
affect the binding of the drug. Therefore, their
serum levels are less likely to affect the toxicity of
the drug.

Answer: E

Power, BM, Forbes, AM, van Heerden, PV, ef al. (1998)
Pharmacokinetics of drugs in critically ill adults. Clinical
Pharmacokinetics 34, 25-56.

Sakata, RK. (2010) Analgesia and sedation in inten-
sive care unit. Revista Brasileira de Anestesiologia 60 (6),
648-58.

Stevens, DS, Edwards, WT (1999) Management of pain
in intensive care settings. Surgical Clinics of North
America 79, 371-86.

2. A 42-year-old man is undergoing a laparoscopic
bilateral inguinal hernia repair. The anesthesiologist
induces the patient with propofol. Propofol works through
which mechanism?

A. Alpha-2 adrenergic agonist
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B. Alpha-2 adrenergic antagonist
C. GABA (gamma-aminobutyric acid) agonist
D. GABA (gamma-aminobutyric acid) antagonist

E. mu receptor antagonist

Benzodiazepines (e.g. midazolam and loraz-
epam) and propofol are GABA agonists that are
often used for sedation in the ICU. Propofol
has a fast onset and clearance, and is indicated
for short-term sedation. Side effects of propofol
are hypotension, respiratory depression, hyper-
triglyceridemia, pancreatitis, and propofol infusion
syndrome. Propofol is useful for patients with neu-
rologic injury, as it decreases intracranial pres-
sure, cerebral blood flow, and cerebral metabolism.
Flumazenil would be an example of a GABA
antagonist. Opioids have their effect on mu recep-
tors. They are agonists for these receptors, result-
ing in decreased pain perception. An example
of a mu receptor antagonist would be naloxone.
Dexmedetomidine is an alpha-2 agonist. It is often
utilized as a sedative for patients in the intensive
care unit. Mirtazapine is an example of an alpha-2
antagonist, which is often used for its antidepres-
sant effects.

Answer: C

Jacobi J, Fraser GL, Coursin DB, et al. (2002) Clinical
practices guidelines for the sustained use of sedatives
and analgesics in the critically ill adult. Critical Care
Medicine 30 (1), 119-41.

Mehta, S, McCullagh, I, Burry, L (2009) Current sedation
practices: Lessons learned from international surveys.
Critical Care Clinics 25, 471-88.

Riker, RR, Fraser, GL (2009) Altering intensive care seda-
tion paradigms to improve patient outcomes. Critical
Care Clinics 25, 527-38.

Sakata, RK (2010) Analgesia and sedation in intensive
care unit. Revista Brasileira de Anestesiologia 60 (6),
648-58.
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Wallace, S, Mecklenburg, B, Hanling, S. (2009) Profound
reduction in sedation and analgesic requirements using
extended dexmedetomidine infusions in a patient with
an open abdomen. Military Medicine 174, 1228-30.

3. What combination of analgesia and sedation has
been found to reduce the time of duration of mechanical
ventilation?

A. Administration of analgesia alone
. Administration of sedation alone
. Administration of analgesia prior to sedation

. Administration of sedation prior to analgesia

M O a W

. Administration of analgesia and sedation at the same
time

In a technique dubbed “analgesia first,” drugs
used for sedation are administered after the use of
analgesics. Studies have found that this technique
has led to a reduction in amount of sedatives
required, as well as a decrease in the duration of
mechanical ventilation. Administration of analgesia
alone would not allow for adequate comfort for the
patient. Administration of sedation alone would
not relieve the patients’ pain.

Answer: C

Riker RR, Fraser GL (2009) Altering intensive care seda-
tion paradigms to improve patient outcomes. Critical
Care Clinics 25, 527-38.

Sakata, RK (2010) Analgesia and sedation in intensive
care unit. Revista Brasileira de Anestesiologia 60 (6),
648-58.

4. A 25-year-old man is involved in a car accident.
Examination after being admitted to the hospital reveals
an intracranial injury, fractured left humerus, two frac-
tured ribs without pulmonary contusions, and multiple
skin abrasions. Which medication would be contraindi-
cated for pain control in this patient?

A. Codeine
B. Fentanyl
C. Meperidine

D. Morphine

E. Remifentanil

Normeperidine is a metabolite of meperidine.
Normeperidine is associated with an increase risk
of having seizures. Patients with head injuries have
a lower seizure threshold, and are more likely to
have seizures. Using meperidine in a patient who
has suffered a head injury would be ill advised.
Codeine is a less potent pain medication. It would
less likely be sufficient for pain control in the
immediate post-injury period. However, its use
would not be contraindicated. Fentanyl and mor-
phine would be good choices for pain control in
this patient. Remifentanil is a short-acting opioid.
Its use would not be contraindicated but it effects
would be short acting, making it an unlikely choice
of analgesic.

Answer: C

Bodenham A, Shelly MP, Park GR (1988) The altered
pharmacokinetics and pharmacodynamics of drugs
commonly used in critically ill patients. Clinical Pharma-
cokinetics 14, 347-373.

Power, BM, Forbes, AM, van Heerden, PV, et al. (1998)
Pharmacokinetics of drugs in critically ill adults. Clinical
Pharmacokinetics 34, 25-56.

Sakata, RK (2010) Analgesia and sedation in intensive
care unit. Revista Brasileira de Anestesiologia 60 (6),
648-58.

5. Which of the following local anesthetics is classified
as an amide?

A. Benzocaine
. Bupivacaine
. Chloroprocaine

. Cocaine

M 9 o W

. Tetracaine

Amides have an amide linkage between a ben-
zene ring and a hydrocarbon chain, which is
attached to a tertiary amine. The benzene ring
confers lipid solubility for penetration of cell
membranes. The tertiary amine attached to the



hydrocarbon chain makes the anesthetic water sol-
uble. The other choices are examples of esters. The
important difference between amides and esters
is that, in general, amides are metabolized in the
liver, whereas esters are metabolized by plasma
cholinesterases. Also, esters tend to have metabo-
lites with higher allergenic potential.

Answer: B

Dorian, RS (2005) Anesthesia of the surgical patient. In:
Brunicardi, FC (ed.) Schwartz’s Principles of Surgery,
McGraw-Hill, New York, pp. 1851-73.

6. The first symptom of toxicity from a local anes-
thetic is:

A. Restlessness
. Seizures
. Slurred speech

Tinnitus

m S oo w

Unconsciousness

Toxicity of a local anesthetic results from the
absorption into the bloodstream. It first manifests in
the central nervous system, and then the cardiovas-
cular system. The symptoms progress from restless-
ness to tinnitus, slurred speech, seizures, and then
unconsciousness. If the toxicity has progressed to
seizure activity, administering a benzodiazepine or
thiopental can treat it.

Answer: A

Dorian RS (2005) Anesthesia of the surgical patient.
In: Brunicardi, FC (ed.) Schwartz's Principles of Surgery,
McGraw-Hill, New York, pp. 1851-73.

7. The target level of sedation for a patient not expected
to require mechanical ventilation for greater than 48
hours is:

A. RASS +2 (agitated)
B. RASS +1 (restless)
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C. RASS -1 (drowsy)
D. RASS -3 (moderate sedation)

E. RASS —4 (deep sedation)

Unless contraindicated, the optimal level of seda-
tion is where the patient is alert, not agitated, and
able to maintain brief contact, and follow simple
instructions. This correlates to RASS 0 to —-2. RASS
+1 or +2 would not provide enough sedation
for the patient to be comfortable. This could lead
to patient behavior that would be detrimental to
their care, such as removing medical devices or
thrashing in their bed. RASS -3 or —4 would be
deeper sedation. This may be preferred if long-
term sedation is expected. However, evaluating the
mental status of patients with this level of sedation
would be more difficult, as they would have a hard
time participating.

Answer: C

Barr, J, Donner A (1995) Optimal intravenous dosing
strategies for sedatives and analgesics in the intensive
care unit. Critical Care Clinics 11, 827-47.

Sessler CN, Gosnell M, Grap MJ, et al. (2002) The Rich-
mond Agitation-Sedation Scale: Validity and reliability
in adult intensive care patients. American Journal of
Respiratory and Critical Care Medicine 166, 1338-44.

Shapiro MB, West MA, Nathens AB, et al. (2007) Guide-
lines for sedation and analgesia during mechanical ven-
tilation general overview. The Journal of Trauma: Injury,
Infection, and Critical Care 63 (4), 945-50.

. The toxic dose of bupivacaine is:

. 3mg/kg

. 7mg/kg

8
A
B. 5mg/kg
C
D. 9mg/kg
E

. 11mg/kg

Bupivacaine is more cardiotoxic than other local
anesthetics. It has a direct effect on ventricular
muscle, and binds to sodium channels. Patients
who receive a high dose of bupivacaine can
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experience hypotension, ventricular tachycardia,
ventricular fibrillation, or complete atrioventricu-
lar heart block. These effects can be refractory to
medical treatment. The toxic dose of bupivacaine
is approximately 3 mg/kg. Using epinephrine as an
additive to bupivacaine would allow for a greater
amount of the drug to be used. Epinephrine is a
vasoconstrictor that, when added to a local anes-
thetic, reduces bleeding, hastens the nerve block-
ade, lengthens its duration, and improves the qual-
ity of the nerve blockade. Higher amount of local
anesthetic can be administered when epinephrine
is added. Epinephrine containing injections should
not be used where there are end arteries, as they
can lead to distal ischemia.

Answer: A

Dorian, RS (2005) Anesthesia of the surgical patient.
In: Brunicardi, FC (ed.) Schwartz’s Principles of Surgery,
McGraw-Hill, New York, pp. 1851-73.

9. A 25-year-old woman is undergoing preoperative
preparation for a planned Cesarean section. After injec-
tion of a local anesthetic into her dura sac, she complains
of sensory and motor loss of her legs. Additionally, she
reports that she is unable to control her urine continence.
The effect of the local anesthetic is:

A. Brown-Sequard syndrome
B. Cauda equina syndrome
C. Central cord syndrome

D. Guillian—Barre syndrome
E

. Sheehan's syndrome

Cauda equina syndrome is the result of injury
to the nerves emanating distal to the spinal cord.
It results in bowel and bladder dysfunction. Addi-
tionally, there is an association of lower extrem-
ity sensory and motor loss. It is seen in cases
where there is an indwelling spinal catheter and
high concentrations of lidocaine. Brown-Sequard
syndrome is the result of incomplete cord tran-
section. It is associated with a penetrating injury,
resulting in ipsilateral motor loss and contralateral
loss of pain and temperature sensation. Central

cord syndrome is a result of hyperflexion of the
cervical spine. It results in the bilateral loss of
motor function, pain, and temperature sensation
in the upper extremities. The lower extremities
are spared. Guillian-Barre syndrome is an acute
inflammatory demyelinating polyradiculopathy. It
often occurs after a viral infection, surgery, inoc-
ulation, or mycoplasma infection. Patients present
with weakness ascending from the legs to the body,
arms, and to cranial nerves, which progress over
2-4 weeks. Sheehan’s syndrome is the resultant
pituitary insufficiency of a mother after childbirth.
It is caused by hypovolemia or shock following
childbirth. This leads to ischemia of the pituitary,
mostly affecting the anterior pituitary.

Answer: B

Dorian RS (2005) Anesthesia of the surgical patient.
In: Brunicardi, FC (ed.) Schwartz’s Principles of Surgery,
McGraw-Hill, New York, pp. 1851-73.

10. A patient is about to undergo a major abdominal
operation. The anesthesiologist wants to use an induction
agent that also has analgesic properties. Which of the
following should he/she select?

A. Thiopental
B. Diazepam
C. Etomidate
D. Ketamine

E. Midazolam

Ketamine differs from the other agents. It pro-
duces analgesia as well as amnesia, and is classi-
fied as a dissociative anesthetic. The other agents
listed only have amnesic properties, and provide no
analgesia. The use of a benzodiazepine, in addition
to ketamine, has been shown to decrease the side
effects of delirium and hallucinations, which are
associated with ketamine.

Answer: D
Dorian RS (2005) Anesthesia of the surgical patient.

In: Brunicardi, FC (ed.) Schwartz’s Principles of Surgery,
McGraw-Hill, New York, pp. 1851-73.



11. Which of the following opioids undergoes rapid
hydrolysis that is not effected by age, renal function,
hepatic function, or weight?

A. Alfentanil
B. Meperidine
C. Morphine
D. Remifentanil
E. Sufentanil

Remifentanil is an analog of fentanyl. It is a
synthetic opioid that differs from nonsynthetic opi-
oids in lipid solubility, tissue binding, and elimina-
tion profiles. This leads to differing potencies and
durations of action. Remifentanil undergoes rapid
hydrolysis and is unaffected by age, sex, weight,
renal dysfunction, or hepatic dysfunction. Due

to its rapid hydrolysis, it has little post-operative
analgesia.

Answer: D

Dorian RS (2005) Anesthesia of the surgical patient.
In Brunicardi FC (ed.) Schwartz’s Principles of Surgery,
McGraw-Hill, New York, pp. 1851-73.

12. Succinylcholine is hydrolyzed by what mecha-
nism?

A. Hofmann elimination
Plasma cholinesterase
Kidney metabolism only

Liver metabolism only

MY oo w

Kidney and liver metabolism

Succinylcholine is a depolarizing neuromuscular
blocker, which binds to the post-synaptic acetyl-
choline receptor. It has a rapid onset and offset. It
should be avoided in patients who have suffered
burns or tissue injury, as it can result in a significant
rise in serum potassium. It is quickly hydrolyzed
by plasma cholinesterase (pseudocholinesterase).
Patients with low pseudocholinesterase levels have
a delay in return of motor function. Cis-atracurium
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is an example of a drug that is metabolized
by Hofmann elimination. Hofmann elimination is
a temperature and plasma pH dependent pro-
cess. An increase in pH favors the elimination
process, whereas a decrease in pH slows down
the process. Thus, cis-atracurium undergoes an
organ independent metabolism. Pancuronium is an
example of a medication that is eliminated almost
completely unchanged by the kidney. Vecuronium
and rocuronium are examples of medications that
are metabolized by both the liver and kidneys.

Answer: B

Dorian RS (2005) Anesthesia of the surgical patient.
In Brunicardi FC (ed.) Schwartz’s Principles of Surgery,
McGraw-Hill, New York, pp. 1851-73.

13. A 59-year-old man is undergoing a ventral hernia
repair. The man has a past medical history of coro-
nary artery disease, diabetes mellitus, hypertension, and
hyperlipidemia. Which muscle relaxant should be used
in order to decrease the risk of myocardial ischemia
perioperatively?

A. Cis-atracurium
. Mivacurium
. Pancuronium

. Rocuronium

M 9 o W

. Succinylcholine

Muscle relaxants with minimal or no effects on
heart rate and blood pressure should be used in
patients with high risk of myocardial ischemia.
Rocuronium and vecuronium would be the most
ideal choices for neuromuscular blockade in such
conditions. The other neuromuscular blockers have
a greater effect on the cardiovascular system, mak-
ing them a less ideal choice.

Answer: D

Dorian RS (2005) Anesthesia of the surgical patient.
In Brunicardi FC (ed.) Schwartz’s Principles of Surgery,
McGraw-Hill, New York, pp. 1851-73.
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14. A 55-year-old man with hepatic cirrhosis is
undergoing an intra-abdominal operation. Which neuro-
muscular blocking agent should be avoided in this
patient?

A. Cis-atracurium
B. Mivacurium
C. Pancuronium
D. Rocuronium
E

. Vecuronium

Mivacurium is the only non-depolarizing neu-
romuscular blocking agent that is metabolized by
plasma cholinesterase, similar to succinylcholine.
Patients with cirrhosis are more likely to have
decreased levels of plasma cholinesterase, resulting
in a hypersensitivity to mivacurium. Of the choices,
mivacurium should be avoided in a patient with
significant liver disease. Cis-atracurium is elimi-
nated by Hofmann degradation and would not be
affected by liver disease. Pancuronium is eliminated
almost unchanged by the kidneys, and would be
unaffected by liver disease. Both the liver and
kidney metabolize rocuronium and vecuronium.
While their elimination may be decreased in liver
disease, this decrease would not be as significant as
a drug exclusively reliant upon liver function.

Answer: B

Dorian RS (2005) Anesthesia of the surgical patient.
In Brunicardi FC (ed.) Schwartz’s Principles of Surgery,
McGraw-Hill, New York, pp. 1851-73.

15. Which of the following patients would be the
best choice for using inhalation induction during the
intubation sequence?

A. A 9-year-old boy undergoing a laparoscopic appendec-
tomy

B. A 45-year-old man undergoing an inguinal hernia
repair

C. A 37-year-old woman undergoing a laparoscopic
cholecystectomy

D. A 70-year-old man undergoing a colon resection

E. A 72-year-old woman undergoing a mastectony

Patients who undergo an inhalation induc-
tion progress through three stages: 1. awake, 2.
excitement, and 3. surgical level anesthesia. Adult
patients are not good candidates for this type of
induction for a number of reasons. First, the smell
of the induction agent is unpleasant. Second, the
excitement stage may last for several minutes.
This could lead to hypertension, tachycardia, laryn-
gospasm, vomiting, or aspiration. Children would
be better candidates for this type of induction
because they progress through the second stage
quickly. The type of surgery (open versus. laparo-
scopic) would not be a rationale for the use of
inhalational over intravenous induction.

Answer: A

Dorian RS (2005) Anesthesia of the surgical patient.
In Brunicardi FC (ed.) Schwartz’s Principles of Surgery,
McGraw-Hill, New York, pp. 1851-73.

16. Utilizing the Mallampati scale in a patient with
a Class 3 airway, the practitioner would be able to
visualize

A. All the oral structures

. The hard palate, soft palate, and uvula
. The hard palate and soft palate

. The hard palate

M 9 o W

. None of the above

Airway assessment should be conducted and is
easily performed utilizing the Mallampati scale.
Patients are placed in a comfortable sitting position
and asked to open their mouth and protrude their
tongue. The examiner then assesses the airway,
noting the ability to visualize the faucial pillars,
soft palate, and uvula. The patient with a Class 1
airway has all these structures visible. The pillars
are masked by the tongue in a patient with a Class
2 airway. A patient with a Class 3 airway has only
the hard and soft palate visualized in this position.
A patient for whom only the hard palate is visible
has a Class 4 airway. The Mallampati scale allows
the examiner to recognize which patients may be
at risk for difficult airway management, includ-
ing difficult intubations. It has also been noted



that obesity may contribute to airway difficulties.
In addition to visualization of the airway, neck
circumference and body mass index should also
be assessed preoperatively and considered in the
overall airway assessment.

Answer: C

Gonzalez H, Minville V, Delanoue K, ef al. (2008) The
importance of increased neck circumference to intuba-
tion difficulties in obese patients. Anesthesia and Analge-
sia 106 (4), 1132-6.

Mallampati SR, Gatt SP, Gugino LD, et al. (1985) A
clinical sign to predict difficult tracheal intubation: a
prospective study. Canadian Anaesthetists Society Journal
32 (4), 429-434.

17. According to the American Society of Anesthesiolo-
gists Physical Status Classification, which of the following
patients would be a good candidate for moderate sedation
in most settings?

A. A declared brain-dead patient
B. Patient with mild-to-moderate systemic disease

C. Patient with severe systemic disease that is incapacitat-
ing and life-threatening

D. Patient with severe systemic disease with functional
limitation that is not incapacitating

E. A moribund patient not expected to survive without
surgical intervention

The American Society of Anesthesiologists (ASA)
has developed a physical status classification system
to determine risk for complications among patients
undergoing anesthesia (Table 11.1). This scale is
frequently utilized in the moderate sedation set-
ting and is easily performed on all patients in all
settings. Patients in Class 1 and 2 are considered
good candidates for moderate sedation procedures;
those in Class 3 and Class 4 carry higher risks.
Physicians providing sedation must recognize that
Class 3 and 4 patients may benefit from sedation
and should not be excluded based upon their ASA
score. Additionally, sedation is frequently provided
to intensive care unit (ICU) patients, most of whom
are in Class 3 or 4, and these patients greatly benefit
from the effects of the sedation.
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Answer: B

American Society of Anesthesiologists Physical Status
Classification

Class  Definition

P1 Normal healthy patient with no systemic disease

P2 A patient with mild-to-moderate systemic disease

P3 A patient with severe systemic disease with
functional limitation that is nonincapacitating

P4 A patient with severe systemic disease that is
incapacitating and life-threatening

P5 A moribund patient not expected to survive
without surgical intervention

P6 A declared brain-dead patient whose organs are

being removed for donor purposes

Reproduced from ASA Physical Status Classification
System. Excerpted from http://www.asahg.org/clinical/
physicalstatus.htm. A copy of the full text can be obtained
from the American Society of Anesthesiologists, 520 N.
Northwest Highway Park Ridge, Illinois 60068-2573.

18. End-tidal carbon dioxide monitoring allows early
detection of

A. Hypoventilation

. Airway obstruction

. Malignant hyperthermia
. Rising of CO,

M 9 o W

. All of the above

End-tidal carbon dioxide (CO,) monitoring mea-
sures expired carbon dioxide and provides infor-
mation on the patient’s ventilation. This type of
monitoring is most commonly utilized with deep
sedation and general anesthesia but is becoming
commonplace in monitoring patients undergoing
moderate sedation. The advantage of this type of
monitoring is that it allows early detection of devel-
oping hypoventilation and possible airway obstruc-
tion. Additionally, if the patient is developing the
early stages of malignant hyperthermia, this can be
recognized by rising CO, levels.

Two techniques are utilized for measuring
expired carbon dioxide. The first utilizes a pho-
todetector that calculates the CO, value as it passes
through a transducer. The second method actually
obtains a sample of expired air and diverts it to a
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machine (capnograph) that directly measures the
carbon dioxide level. Both techniques are easily
accomplished on intubated patients. Measurement
of end-tidal CO; levels in nonintubated patients
is also possible. Utilizing microstream technology,
a nasal cannula-type device can be applied to the
patient’s nares to allow for end-tidal CO, measure-
ments. These devices are comfortable for patients
and provide the practitioner with additional infor-
mation regarding the patient’s ventilatory status.
Because pulse oximetry does not measure venti-
lation, its detection of oxygen desaturation occurs
after a period of respiratory compromise. A ran-
domized, controlled trial published in 2006 assessed
the addition of microstream capnography to pulse
oximetry in the monitoring of patients undergo-
ing moderate sedation. The researchers found that
capnography allowed early detection of arterial
oxygen desaturation, before the development of
oxygen desaturation, and resulted in improved
patient outcomes. Other studies have supported the
use of microstream capnography as a means to
improve patient care during moderate sedation.

Answer: E

Lightdale JR, Goldmann DA, Feldman HA, et al. (2006)
Microstream capnography improved patient monitor-
ing during moderate sedation: a randomized, controlled
trial. Pediatrics 117 (6), e1170-e1178.

McQuillen KK, Steele DW (2000) Capnography during
sedation/analgesia in the pediatric emergency depart-
ment. Pediatric Emergency Care 16 (6), 401-4.

Srinivasa V, Kodali BS (2004) Capnography in the spon-
taneously breathing patient. Current Opinion in Anaesthe-
siology 17 (6), 517-20.

19. A patient who receives a score of 0 on the bispectral
index is

A. An alert adult

B. An alert child

C. Moderately sedated

D. Displaying an isoelectric EEG pattern
E

. Brain dead

The bispectral index (BIS) has been developed as
a method of objectively determining sedation status

via electroencephalogram (EEG) recordings. Based
on the index, sedation level can be determined
mathematically based on the patient’s EEG pattern.
An alert adult would receive a score of 100, while
a score of 0 is characterized by an isoelectric EEG
pattern. The BIS score is a relatively new tool in
addition to nursing evaluation, and research has
indicated that it is a valid measure of depth of
sedation. However, some studies have found its
use to be questionable among some populations,
such as pediatric patients. As BIS is used as a
determinant of level of consciousness/sedation, it
cannot be used as a measure of brain death.

Answer: D

Arbour R (2004) Using bispectral index monitoring to
detect potential breakthrough awareness and limit
duration of neuromuscular blockade. American Journal
of Critical Care 13, 66-73.

Brown McDermott N, VanSickle T, ef al. (2003) Validation
of bispectral index monitor during conscious and deep
sedation. Anesthesia and Analgesia 97, 39-43.

DeWitt JM (2008) Bispectral index monitoring for nurse-
administered propofol sedation during upper endo-
scopic ultrasound: a prospective, randomized controlled
trial. 2008; Epub ahead of print, www.springerlink.com
/content/6713u87461555073/ (accessed May 19, 2008).

Gill M, Green SM, Krauss B (2003) A study of the
bispectral index monitor during procedural sedation
and analgesia in the emergency department. Annals of
Emergency Medicine 41, 234-41.

Mason KP, Michna E, Zurakowski D, et al. (2006) Value
of bispectral index monitor in differentiating between
moderate and deep Ramsay Sedation Scores in chil-
dren. Paediatric Anaesthesiology 16 (12), 1226-31.

Olson DM, Gambrell M (2005) Balancing sedation with
bispectral index monitoring. Nursing 35 (5), 32.

20. The development of hypovolemia and hemorrhage
during moderate sedation requires

A. Vasodilating drugs

B. Vasopressors

C. Aggressive volume and blood replacement
D

. Diligent monitoring to ensure that sedation is main-
tained

E. All of the above



Hemodynamic instability is the most common
cardiovascular complication occurring during mod-
erate sedation. The direct cardiodepressant effect of
many of the sedating drugs causes hypotension in
the patient. The patient with a pre-existing com-
promised circulatory volume is at greatest risk for
this complication. Hypovolemia and hemorrhage
require aggressive volume and blood replacement
to prevent dangerously low circulating pressures.
In acute cases, vasoactive drugs may be required
to supplement hemodynamic status. Recognition
of the patient at risk for hypotension will allow
the practitioner to supplement the patient’s volume
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status prior to sedation, thereby circumventing this
problem.

Other causes of hypotension include pain and
the histamine release that occurs with a number of
depressant agents. It is imperative that the cause
of the hypotension be identified so that proper
therapy can be instituted to reverse the cause and
correct the problem.

Answer: C

Watson D. (1998) Conscious Sedation/Analgesia, CV Mosby
Co., St. Louis, MO.



Chapter 12 Delirium, Alcohol
Withdrawal, and Psychiatric Disorders

Meghan Edwards, MD and Ali Salim, MD, FACS

1. Which of the following statements regarding delir-
ium in the ICU is true?

A. Delirium is an independent predictor of higher six-
month mortality

B. Delirium is a benign condition which occurs almost
exclusively in elderly patients at night

C. Delirium is most often associated with multiple med-
ical co morbidities and is therefore uncommon in
postoperative patients

D. The diagnosis of delirium requires a formal psychi-
atric consultation

E. Delirium is synonymous with dementia

A 2004 prospective cohort study of 275 mechani-
cally ventilated critically ill patients identified delir-
ium as an independent predictor of higher six-
month mortality. Increased mortality associated
with ICU delirium has been reported in many stud-
ies since that time. The mean age of patients expe-
riencing delirium in Ely’s study was 56 years, with
a standard deviation of 17 years, demonstrating
that delirium does not occur exclusively in elderly
patients. Other publications have also described
delirium in critically ill pediatric populations.

Though delirium may often occur in patients
with multiple medical co morbidities, it is certainly
common in postoperative patients. A 2009 prospec-
tive study of 134 postoperative patients demon-
strated a delirium rate of 63%, and delirium was an
independent predictor of longer ICU and hospital
stays.

The diagnosis of delirium does not require a for-
mal psychiatric consultation. There are screening
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tools available that have been shown to effectively
and consistently identity delirium when imple-
mented by nursing statf. Any clinician familiar with
the DSM-IV criteria can make the diagnosis of
delirium (please see question 5 below).

Delirium and dementia are not synonymous.
Delirium is an acute change in condition; while
dementia is a disease insidious in onset, which is
diagnosed by history or serial mental status exami-
nation. According to the DSM-IV, dementia cannot
be diagnosed during an episode of delirium.

Answer: A

Ely EW, Margolin R, Francis J, et al. (2001) Evaluation
of delirium in critically ill patients: validation of the
Confusion Assessment Method for the Intensive Care
Unit (CAM-ICU). Critical Care Medicine 29 (7), 1370-9.

Ely EW, Shintani A, Truman B, ef al. (2004) Delirium
as a predictor of mortality in mechanically ventilated
patients in the intensive care unit. Journal of the Ameri-
can Medical Association. 291 (14), 1753-62.

Lat I, McMillian W, Taylor S, ef al. (2009) The impact of
delirium on clinical outcomes in mechanically venti-
lated surgical and trauma patients. Critical Care Medicine
37 (6), 1898-905.

Smith HA, Boyd J, Fuchs DC, et al. (2011) Diagnosing
delirium in critically ill children: Validity and reliability
of the Pediatric Confusion Assessment Method for the
Intensive Care Unit. Critical Care Medicine 39 (1), 150-7.

2. A 68-year-old man, postoperative day 6 status post
femoral-popliteal bypass surgery, is being monitored in
the ICU after recent extubation. He has been afebrile and
has not required pain medication in the past 24 hours.
His heart rate is 115 beats/minute, blood pressure is
168/88 mm Hyg, and oxygen saturations are 98% on 2L
nasal cannula. The nursing staff attempts to move him
to bed from his chair for the evening, but he becomes
combative: waving his arms wildly and kicking the staff.
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He begins shouting, “Help! Someone is trying to kill me!”
Which of the following medications should be used to treat
delirium in this scenario?

A. Lorazepam

B. Haloperidol

C. Diphenhydramine
D. Morphine

E. Midazolam

Haloperidol is a traditional antipsychotic. Its
mechanism of action is blocking dopamine recep-
tors in the CNS. Side-effects of administration of
haloperidol include extrapyramidal reactions, neu-
roleptic malignant syndrome, and QT interval pro-
longation/torsades de pointes. Currently, it is the
recommended medical therapy for delirium.

Risperidone, olanzapine, and ziprasidone are
newer antipsychotics. These are also approved for
treatment of delirium and also cause QT interval
prolongation. The MIND trial is a randomized,
placebo-controlled trial that is currently underway
to demonstrate the efficacy of antipsychotics for the
treatment of ICU delirium.

Benzodiazepines, such as lorazepam and mida-
zolam, are not recommended for acute treatment
of delirium, because they can paradoxically exacer-
bate the episode. The amnestic properties of benzo-
diazepines can also confuse the scenario.

Diphenhydramine is an antihistamine. It is FDA
approved as an antiparkinsonian agent as well
as to treat allergies or motion sickness. Some
of the adverse reactions associated with diphen-
hydramine include confusion, restlessness, and
sedation. It is not a recommended treatment for
delirium.

If a patient has pain, it is reasonable to con-
sider treating with an analgesic, such as Morphine
first. However, this patient has had adequate pain
control without pain medications for the past 24
hours, so pain is less likely to be the cause of his
delirium.

Answer: B

Fink MP, Abraham E, Jean-Louis V, Kochanek P (2005)
Textbook of Critical Care, 4th edn, Elsevier, Philadelphia,
PA.

Girard TD, Pandharipande PP, Carson SS, et al. (2010)
Feasibility, efficacy, and safety of antipsychotics for
intensive care unit delirium: the MIND randomized,
placebo-controlled trial. Critical Care Medicine 38 (2),
428-37.

3. All of the following are factors known to contribute
to the development of delirium in the ICU except:

A. Sleep deprivation
B. Medications

C. Sepsis

D. Head CT scans

E. Advanced age

Delirium can be caused by a variety of factors in
hospitalized patients, particularly those in the ICU.
Sleep deprivation, medications, and sepsis have
all been well documented as contributors. Retro-
spective studies have also demonstrated increased
delirium associated with advanced age. Head CT
scans are frequently used to evaluate an acute
change in mental status, but have not been shown
to contribute to delirium. Two mnemonics which
can be useful for remembering causes/contributors
to delirium include:

Infection

Withdrawal

Acute metabolic

Trauma/pain

Central nervous system pathology
Hypoxia

Deficiencies (Vitamin B12, thiamine)
Endocrinopathies (thyroid, adrenal)
Acute vascular (hypertension, shock)
Toxins/drugs

Heavy metals

Or

Drugs

Electrolyte and physiologic abnormalities

Lack of drugs (withdrawal)

Infection

Reduced sensory input (blindness, deafness)
Intracranial problems (CVA, meningitis, seizure)
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Urinary retention and fecal impaction
Myocardial problems (MI, arrhythmia, CHF)

Answer: D

Fink MP, Abraham E, Jean-Louis V, Kochanek P (2005)
Textbook of Critical Care, 4th edn, Elsevier, Philadelphia,
PA.

Mangnall LT, Gallagher R, Stein-Parbury J (2011) Post-
operative delirium after colorectal surgery in older
patients. American Journal of Critical Care 20 (1), 45-55.

4. Which of the following assessment tools has been
validated as an accurate tool for the measurement of
delirium in the ICU?

A. RASS scale
. Riker scale
. CAM-ICU scale

. Glasgow coma scale

M O a W

. All of the above

In 2001, Ely and colleagues designed and tested
a modified version of the Confusion Assessment
Method for use in intensive care unit patients and
named it the CAM-ICU. It includes an assessment
of the timing and course of altered mentation, pres-
ence of inattention, and presence of disorganized
thinking (consistent with the DSM-IV criteria). The
CAM-ICU demonstrated both reliability and valid-
ity when used by nurses and physicians to identity
delirium in the intensive care unit. Multiple studies
have repeatedly demonstrated its usefulness as a
measurement tool since that time. A major advan-
tage of the CAM-ICU over previous assessment
scales is that it can be used to assess delirium in
patients who are mechanically ventilated, despite
the barrier to communication.

The Ramsay, Riker (SAS), Motor Activity Assess-
ment (MAAS), and Richmond Agitation Sedation
(RASS) are tools that can be used to rate the level of
a patient’s sedation and/or agitation; however, they
cannot measure delirium. Tables 1-4 depict these
sedation scales.

The Glasgow Coma Scale is a neurologic scale
used to rapidly assess a patient’s state of conscious-
ness. It is a 15-point score calculated by assessment

of a patients’ eye opening, verbal response, and
movement. It does not measure delirium.

Answer: C

Devlin JW, Boleski G, Mlynarek M, et al. (1999) Motor
Activity Assessment Scale: a valid and reliable sedation
scale for use with mechanically ventilated patients in a
adult surgical intensive care unit. Critical Care Medicine
27, 1271-5.

Ely EW, Margolin R, Francis J, et al. (2001) Evalua-
tion of delirium in critically ill patients: validation of
the Confusion Assessment Method for the Intensive
Care Unit (CAM-ICU). Critical Care Medicine 29 (7),
1370-9.

Fraser GL, Riker R (2001) Monitoring sedation, agitation,
analgesia, and delirium in critically ill adult patients.
Critical Care Clinics 17, 1- 21.

Mirski MA, LeDroux SN, Lewin JJ 3rd, et al. (2010)
Validity and reliability of an intuitive conscious seda-
tion scoring tool: the nursing instrument for the com-
munication of sedation. Critical Care Medicine 38 (8),
1674-84.

Ramsay M, Savege T, Simpson BRJ, et al. (1974) Con-
trolled sedation with alphaxalone/alphadolone. British
Medical Journal 2, 656-9.

Sessler CN, Gosnell MS, Grap MJ, et al. (2002) The
Richmond Agitation-Sedation Scale: validity and reli-
ability in adult intensive care unit patients. Ameri-
can Journal of Respiratory and Critical Care Medicine 166,
1338-44.

Table 12.1 Ramsay Scale

Score Response

1 Awake and anxious, agitated, or restless

2 Awake, cooperative, accepting ventilation,
oriented, tranquil

3 Awake; responds only to commands

4 Asleep; brisk response to light glabellar tap or
loud noise

5 Asleep; sluggish response to light glabellar tap or
loud noise stimulus but does not respond to
painful stimulus

6 Asleep; no response to light glabellar tap or loud

noise

Source: Data from Ramsay M, Savege T, Simpson BRJ,
et al. (1974) Controlled sedation with alphaxalone/
alphadolone. British Medical Journal 1974; 2, 656-9.



Table 12.2 The Riker Sedation—Agitation Scale

Score Response

7 Dangerous agitation. Pulls at endotracheal tube, tries to remove catheters, climbs over bed rail, strikes at staff,
thrashes side-to-side

6 Very agitated. Does not calm, despite frequent verbal reminders; requires verbal reminding of limits, physical
restraints; bites endotracheal tube

5 Agitated. Anxious or mildly agitated, attempts to sit up, calms down to verbal instructions

Calm and cooperative. Calm, awakens easily, follows commands

3 Sedated. Difficult to arouse, awakens to verbal stimuli or gentle shaking but drifts off again, follows simple
commands

2 Very sedated. Arouses to physical stimuli but does not communicate or follow commands, may move spontaneously

1 Unarousable. Minimal or no response to noxious stimuli, does not communicate or follow commands

Source: Data from Fraser GL, Riker R (2001) Monitoring sedation, agitation, analgesia, and delirium in critically ill adult
patients. Critical Care Clinics 17, 1-21.

Table 12.3 MAAS (Motor Activity Assessment Scale)

Score Response

0 Unresponsive. Does not move with noxious stimuli

1 Responsive only to noxious stimuli. Opens eyes or raises eyebrows or turns head toward stimulus or moves limbs
with noxious stimuli

2 Responsive to touch or name. Opens eyes or raises eyebrows or turns head toward stimulus or moves limbs when
touched or name is loudly spoken

3 Calm and cooperative. No external stimulus is required to elicit movement and patient adjusts sheets or clothes
purposefully and follows commands

4 Restless and cooperative. No external stimulus is required to elicit movement and patient picks at sheets or tubes
or uncovers self and follows commands

5 Agitated. No external stimulus is required to elicit movement and attempts to sit up or moves limbs out of bed and

does not consistently follow commands (for example, lies down when asked but soon reverts back to attempts
to sit up or move limbs out of bed)

6 Dangerously agitated, uncooperative. No external stimulus is required to elicit movement and patient pulls at
tubes or catheters or thrashes side to side or strikes at staff or tries to climb out of bed and does not calm down
when asked

Source: Data from Devlin JW, Boleski G, Mlynarek M, et al. (1999) Motor Activity Assessment Scale: a valid and reliable
sedation scale for use with mechanically ventilated patients in a adult surgical intensive care unit. Critical Care Medicine
27, 1271-5.

Table 12.4 Richmond Agitation Sedation Score (RASS)

Score Response

+4 Combative. Overtly combative or violent, immediate danger to staff
+3 Very agitated. Pulls on or removes tubes or catheters or has aggressive behavior toward staff

+2 Agitated. Frequent nonpurposeful movement or patient ventilator dyssynchrony
+1 Restless. Anxious or apprehensive but movements not aggressive or vigorous
0 Alert and calm
-1 Drowsy. Not fully alert, but has sustained (more than 10 seconds) awakening, with eye contact/eye opening to voice
-2 Light sedation. Briefly (less than 10 seconds) awakens with eye contact to voice
-3 Moderate sedation. Any movement (but no eye contact) to voice
-4 Deep sedation. No response to voice, but any movement to physical stimulation
-5 Unarousable. No response to voice or physical stimulation

Source: Data from Sessler CN, Gosnell MS, Grap MJ, et al. (2002) The Richmond Agitation-Sedation Scale: validity and
reliability in adult intensive care unit patients. American Journal of Respiratory Critical Care Medicine 166, 1338-44
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5. According to DSM-IV, the diagnosis of delirium
involves which of the following elements?

A. Fluctuating course

B. Inattention

C. Acute change in cognition
D

. Caused by the direct physiological consequences of a
general medical condition

E. All of the above

Delirium is an acute, fluctuating change in men-
tal status, with inattention and altered level of
consciousness.

The DSM-1V criteria for diagnosis of delirium are as

follows:

Disturbance of consciousness (i.e. reduced clarity of
awareness of the environment) with reduced ability to
focus, sustain, or shift attention (inattention).

Change in cognition (e.g. memory deficit, disorienta-
tion, language disturbance and perceptual disturbance)
that is not better accounted for by a pre-existing,
established, or evolving dementia.

Development over a short period of time (usually
hours to days) and disturbance tends to fluctuate during
the course of the day.

There is evidence from the history, physical
examination, or laboratory findings that the distur-
bance is caused by the direct physiological conse-
quences of a general medical condition.

Answer: E

American Psychiatric Association (2000) Diagnostic and
Statistical Manual of Mental Disorders, 4th edn, American
Psychiatric Association, Washington DC.

Fink MP, Abraham E, Jean-Louis V, Kochanek P (2005)
Textbook of Critical Care, 4th edn, Elsevier, Philadelphia,
PA.

6. In a randomized, multicenter trial of dexmedeto-
midine versus midazolam by the SEDCOM study group,
dexmedetomidine was shown to have which potential
advantage as a sedative agent?

A. Associated with lower incidence of delirium

B. Not associated with cardiovascular adverse effects

C. Associated with shorter time to extubation
D. Both A and C

E. Associated with a statistically significant decrease in
ICU length of stay

Dexmedetomidine is a selective alpha-2 adrener-
gic agonist used for short-term sedation in the ICU.
It exerts sedative effects via postsynaptic activation
of alpha-2 receptors in the central nervous system,
and analgesic action by inhibiting norepinephrine
release presynaptically. It also inhibits sympathetic
activity, including decreasing blood pressure and
heart rate. Its advantages include easy dose titration
due to rapid distribution and short half-life, as
well as lack of respiratory depressive effect. It is
used in the ICU as an adjunct or alternative to
benzodiazepines, such as midazolam.

The SEDCOM study group published the results
of their two-year, 68-center trial in JAMA in
2009. Results demonstrated no difference in per-
centage of time within the target RASS range
for patients treated with dexmedetomidine ver-
sus those treated with midazolam (their pri-
mary endpoint). However, there were differ-
ences in secondary outcomes. The prevalence
of delirium during treatment was 54% in
dexmedetomidine-treated patients versus 76.6%
in patients treated with midazolam (P < 0.001).
Median time to extubation was 1.9 days shorter
in dexmedetomidine-treated patients (P = 0.01).
There was a trend toward decreased ICU length of
stay in dexmedetomidine-treated patients (5.9 days
compared to 7.6 days); however this was not
statistically significant. Dexmedetomidine-treated
patients were more likely to develop bradycardia,
but had a lower likelihood of tachycardia or hyper-
tension requiring treatment (P = 0.02). Answer B
is false, because bradycardia was the most notable
adverse effect associated with dexmedetomidine.

Answer: D

Fink MP, Abraham E, Jean-Louis V, Kochanek P (2005)
Textbook of Critical Care, 4th edn, Elsevier: Philadelphia,
PA.

Riker RR, Shehabi Y, Bokesch PM et al. (2009)
Dexmedetomidine versus midazolam for sedation of
critically ill patients: a randomized trial. Journal of the
American Medical Association 301 (5), 489-99.
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7. A 67-year-old woman, postoperative day three
status-post Hartmann's colostomy for perforated diverti-
culitis, is reported to be disoriented on morning rounds.
Which of the following medications that she was given
is least likely to contribute to her development of
delirium?

A. Morphine
B. Lorazepam
C. Diphenhydramine
D. Albuterol

E. Nortriptyline

Medications are the most common reversible
cause of delirium. Elderly patients are at partic-
ularly increased risk for drug-induced delirium
due to altered pharmacokinetics and pharmaco-
dynamics. Contributing factors are the increase
in total body fat, decrease in lean body mass
and water, decrease in albumin, and decrease
in glomerular filtration rate associated with
aging.

Medical co-morbidities can increase the risk
for medication-induced delirium. This is often
due to decreased metabolism or decreased elim-
ination resulting from organ dysfunction. Creati-
nine clearance should be measured regularly, and
medication dosages should be renally adjusted as
indicated.

Patients taking multiple medications are also at
increased risk for interactions between medica-
tions, which consequently increases the risk for
delirium.

Narcotics (morphine), benzodiazepines (loraze-
pam), antidepressants (Nortriptyline) and antihis-
tamines (diphenhydramine) are all well docu-
mented contributors to delirium in hospitalized
patients. Many other classes of medications have
been frequently implicated in the development
of delirium, including gastrointestinal agents,
antiemetics, antibiotics, and cardiac medications.
Several herbal and alternative medications can
contribute as well. Some pulmonary medications,
such as steroids and theophylline, have been asso-
ciated with the development of delirium. However,
there is currently no evidence to suggest albuterol-
induced delirium.

Answer: D

Alagiakrishnan K, Wiens CA (2004) An approach to drug
induced delirium in the elderly. Postgraduate Medical
Journal 80 (945), 388-93.

Fink MP, Abraham E, Jean-Louis V, Kochanek P (2005)
Textbook of Critical Care, 4th edn, Elsevier: Philadelphia,
PA.

8. A 52-year-old man is admitted to the ICU after
diagnostic laparotomy with modified Graham patch for a
perforated duodenal ulcer. Mechanical ventilation is con-
tinued postoperatively due to his hemodynamic instability
requiring vasopressor support, as well as his persistent
metabolic acidosis. The ICU nurse suggests you write for
sedation per the unit protocol. Which of the following is
true regarding sedation protocols?

A. Sedation protocols have been associated with increased
ICU mortality due to over sedation of patients

B. Implementation of sedation protocols has been shown
to prevent the development of ICU delirium

C. Sedation protocols have been associated with increased
medication costs in the ICU

D. Sedation protocols have been associated with fewer
ventilator days

E. Sedation protocols require monitoring patients with a
bispectral index (BIS) monitor

The optimal level of sedation for a mechanically
ventilated patient varies with medical condition
and treatment needs. Oversedation and underse-
dation have clinical and economic consequences.
In 2010, a systematic review was published to
examine the impact of sedation protocols for opti-
mizing level of sedation in mechanically ventilated
patients. Implementation of sedation guidelines
and protocols, which includes daily interruption of
sedation (sedation holidays), was uniformly associ-
ated with improvement in outcomes. Examples of
measured improvements include ICU and hospital
length of stay, duration of mechanical ventilation,
and hospital costs. At least 15 studies reported
a reduction in average duration of mechanical
ventilation associated with the introduction of a
sedation protocol. Mortality rates reported were
decreased or statistically insignificant when ana-
lyzed after implementation of sedation protocols.
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The incidence of nosocomial infections was also
reduced in some studies. At least seven stud-
ies reported the impact of sedation protocols on
the costs of sedative agents used. Results demon-
strated a reduction in costs with protocolized
sedation. Though sedation protocols may in the-
ory help decrease delirium rates, they have not
been demonstrated to be completely preventative.
Few studies have specifically evaluated the impact
of sedation protocols on the incidence of delir-
ium; however, a few randomized controlled trials
reported no statistically significant difference in
incidence of delirium from protocolized sedation.
Sedation protocols can involve titration to clin-
ical parameters, such as vital signs and clinical
exam (see sedation scales, Tables 12.1 to 12.4).
An alternative is to titrate to BIS value. The BIS
monitor obtains EEG information from a sensor on
the forehead, and quantifies the patient’s level of
consciousness with a number 0-100 (0 indicates
no brain activity, while 100 indicates fully awake).
BIS values have been shown to correlate with the
above referenced commonly used sedation scales.

Answer: D

Feliciano DV, Mattox KL, Moore EE (2008) Trauma, 6th
edn. McGraw Hill, New York.

Jackson DL, Proudfoot CW, Cann KF, Walsh T (2010) A
systematic review of the impact of sedation practice in
the ICU on resource use, costs and patient safety. Critical
Care. 14 (2), R59. Epub 2010 Apr 9.

9. The incidence of post-traumatic stress disorder
(PTSD) in patients after discharge from the ICU has been
reported to be approximately:

A 12%
<10%
30%
80%

MY o W

. Almost 100%

In the largest follow-up study to date in terms of
the number of ICU survivors, Myhren et al. found
a high prevalence (27%) of patients above case
level for posttraumatic stress one year after ICU

treatment. In this prospective cohort study, post-
traumatic stress was evaluated by patient ques-
tionnaires weeks after discharge from the ICU. In
addition to the high prevalence of patients found to
have posttraumatic stress, half of the patients had
PTSD-related symptoms that were judged “may be
of clinical significance,” even though they did not
meet full criteria for the disorder. Post-traumatic
stress disorder risk during the first year following
ICU discharge did not differ between medical, sur-
gical and trauma patients.

Post-traumatic stress disorder occurs after an
individual experiences or witnesses a traumatic
event involving actual or threatened death or seri-
ous injury. The event itself elicits a reaction of
intense fear, helplessness, and horror, and sub-
sequently symptoms of intrusion, avoidance, and
arousal. Classic ongoing symptoms include dissoci-
ation, re-experiencing, and avoidance. The diagno-
sis is generally not considered until symptoms have
been present for at least four weeks, and it is a
chronic condition that is difficult to treat.

According to DSM-1V, the gold standard for diag-
nosis is the structured clinical interview to prede-
fined criteria. This makes it a difficult diagnosis,
and an even more difficult subject for large-scale
studies. Clinical interviews are not always feasible
but many studies like Myhren’s have found high
numbers of ICU patients to have symptoms consis-
tent with PTSD using questionnaires. Pain, lack of
control, and inability to express needs while in the
ICU are factors suspected to contribute to the high
incidence of PTSD after an ICU admission.

Answer: C

American Psychiatric Association (2000) Diagnostic and
Statistical Manual of Mental Disorders, 4th edn, American
Psychiatric Association, Washington DC.

Feliciano DV, Mattox KL, Moore EE (2008) Trauma, 6th
edn. McGraw Hill, New York.

Griffiths J, Fortune G, Barber V, Young JD (2007) The
prevalence of post traumatic stress disorder in survivors
of ICU treatment: a systematic review. Intensive Care
Medical 33, 1506-18.

Myhren H, Ekeberg O, Toien K, et al. (2010) Posttraumatic
stress, anxiety and depression symptoms in patients
during the first year post intensive care unit discharge.
Critical Care. 14 (1), R14. Epub 2010 Feb 8.
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10. A 46-year-old man is admitted to the ICU with
acute alcoholic pancreatitis. He has a history of drinking
12 to 14 cans of beer/day. Which of the following is
false regarding an 1V ethanol protocol compared to IV
diazepam protocol for alcohol withdrawal?

A. Both have been advocated and used successfully for
acute alcohol withdrawal in the ICU

B. Acute hepatic failure is more likely to be precipitated
by diazepam than ethanol

C. Ethanol has a short duration of action and narrow
margin of safety, which can make titration more
difficult

D. A 2008 randomized controlled trial demonstrated a
better agitation control profile with diazepam com-
pared to ethanol

E. None of the above

Heavy alcohol consumption prior to surgery is
a known risk factor contributing to morbidity and
mortality, and is also known to worsen ICU out-
comes. Symptoms of withdrawal from alcohol may
become evident within 24 hours of cessation. Ben-
zodiazepines have been the recommended first-
line therapy for prevention and management of
alcohol withdrawal, although intravenous ethanol
has been advocated and reported as a successful
alternative in several case series. Ethanol has a
short duration of action, a narrow margin of safety,
and is associated with gastric irritation (even when
administered intravenously). In addition, ethanol
has the potential to precipitate acute hepatic fail-
ure and lowers the seizure threshold. Convul-
sions may occur in alcohol dependent patients
despite having alcohol in their bloodstream. IV
ethanol is also toxic to the tissues in the event of
extravasation.

In 2008, the Journal of Trauma published a ran-
domized controlled trial of 52 trauma patients
admitted to the ICU with a history of daily alco-
hol intake greater than or equal to five drinks
per day. In the study, patients were treated pro-
phylactically for four days with either IV ethanol
or IV diazepam. The results demonstrated that
a scheduled-dose diazepam regimen had a supe-
rior sedation/agitation profile compared with intra-
venous ethanol.

Answer B

Feliciano DV, Mattox KL, Moore EE (2008) Trauma, 6th
edn, McGraw Hill, New York.

Weinberg JA, Magnotti LJ, Fischer PE, et al. (2008)
Comparison of intravenous ethanol versus diazepam
for alcohol withdrawal prophylaxis in the trauma ICU:
results of a randomized trial. Journal of Trauma 64 (1),
99-104.

11.  On the above patient’s fourth day of hospitaliza-
tion, his abdominal pain and nausea have resolved and
his vital signs are all within normal limits. He is being
transferred to the ward, and the intern inquires whether
his lorazepam should be scheduled or given on an as
needed basis. Which of the following is true of a symptom-
driven lorazepam protocol for alcohol withdrawal?

A. May be as effective as fixed-dose therapy while reduc-
ing the amount of medication administered

B. Requires frequent assessments by a clinician with a
validated monitoring scale

C. Can be instituted effectively without specific training

D. Decreases the incidence of withdrawal associated
seizures

E. Aand B

The important aspects of alcohol withdrawal
management include:
e ABCs;
e adequate IV access;
¢ CU monitoring if withdrawal symptoms are more
than mild, seizures occur, the possibility of res-
piratory/airway compromise exists, or if there is
hypotension, dysrhythmias, electrolyte disorders,
advanced age, or co morbid conditions;
¢ exclude other conditions;
e correct electrolyte abnormalities (hypokalemia,
hypomagnesemia, hypophosphatemia).

It has been demonstrated that symptom-
triggered therapy may be as effective as fixed-dose
therapy for alcohol withdrawal syndrome prophy-
laxis while reducing the amount of medication
administered. A 2007 study compared patients on
a fixed continuous benzodiazepine infusion with
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those on a symptom driven protocol. Patients in the
symptom-triggered protocol group received inter-
mittent doses of IV benzodiazepine, and were ulti-
mately escalated to continuous on the protocol if
needed. The symptom-triggered protocol resulted
in a shorter time to control symptoms, lower cumu-
lative benzodiazepine dose, shorter time receiv-
ing benzodiazepine continuous infusion, shorter
ICU length of stay, and shorter hospital stay
(though the last two outcomes did not reach sta-
tistical significance). With symptom-triggered ther-
apy, some patients may require no medication
at all.

Symptom-triggered therapy requires frequent
assessments with a monitoring instrument such
as the Clinical Institute Withdrawal Assessment-
Alcohol (CIWA-A), and treatment is titrated to
maintain symptoms in the mild range. Such
assessment requires training and experience, and
such resources are not always readily available.
Symptom-triggered therapy has not been demon-
strated to reduce the incidence of withdrawal asso-
ciated seizures.

Answer: E

DeCarolis DD, Rice KL, Ho L, et al. (2007) Symptom-
driven lorazepam protocol for treatment of severe alco-
hol withdrawal delirium in the intensive care unit.
Pharmacotherapy 27 (4), 510-18.

Feliciano DV, Mattox KL, Moore EE (2008) Trauma, 6th
edn, McGraw Hill, New York.

12. Which of the following is FALSE regarding ICU
patients with alcohol dependence compared to those
without?

A. Patients with alcohol dependence have higher rates of
sepsis

B. Patients with alcohol dependence have higher hospital
mortality

C. Patients with alcohol dependence have higher rates of
organ failure

D. Patients with alcohol dependence spend less time in
the hospital

E. Patients with alcohol dependence who have sepsis or
liver failure have more than twice the risk for hospital
mortality

A 2007 study published in Critical Care Medicine
demonstrated that ICU patients with alcohol
dependence had higher rates of sepsis (12.9% ver-
sus 7.6%, p < 0.001), organ failure (67.3% versus
45.8%, p < 0.001), septic shock (3.6% versus
2.1%, p = 0.001), and hospital mortality (9.4%
versus 7.5%, p = 0.022), with fewer hospital-free
days. Also, among patients with sepsis and liver
failure, alcohol dependence increased the likeli-
hood for hospital mortality by more than twofold.
Patients with alcohol dependence may have a
predilection to infection due to abnormalities in
their immune systems (many such abnormali-
ties have been demonstrated in animal models).
In addition, patients with chronic excessive use
of alcohol have complicating medical conditions
resulting from the substance abuse, such as car-
diomyopathy, dysrhythmias, and cirrhosis. Alco-
holic patients are also at increased risk due to the
possibility for alcohol withdrawal and the associ-
ated pathophysiologic process (such as tachycardia,
hypertension, seizures, etc.).

Answer: D

Feliciano DV, Mattox KL, Moore EE (2008) Trauma, 6th
edn, McGraw Hill, New York.

O’Brien JM Jr, Lu B, Ali NA, et al. (2007) Alcohol depen-
dence is independently associated with sepsis, septic
shock, and hospital mortality among adult intensive
care unit patients. Critical Care Medicine 35 (2), 345-50.

13.  The incidence of depression in ICU survivors

S

. Is as high as 30% in the year after ICU care
B. Is significantly greater in males

C. Increases with patient age

D. Has no impact on patient quality of life

E. All of the above

In 2009, Intensive Care Medicine published a sys-
tematic review of ICU survivors conducted using
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Medline, EMBASE, Cochrane Library, CINAHL,
PsycINFO, and a hand-search of 13 journals. Four-
teen studies were eligible for the study. Results
demonstrated that the prevalence of substantial
depressive symptoms is quite high in the year after
ICU care (clinician-diagnosed depressive disorder
was prevalent in 33%). Sex, age, and severity of
illness at ICU admission were not consistent risk
factors. Post-ICU depressive symptoms appeared to
have substantial associations with both physical
and mental health aspects of quality of life.

Answer: A

Davydow DS, Gifford JM, et al. (2009) Depression in gen-
eral intensive care unit survivors: a systematic review.
Intensive Care Medicine 35 (5), 796-809.

14. A nurse calls you requesting an “as needed”
lorazepam order for her patient, who was shouting at
the medical assistant and removed his own foley catheter.
Which of the following is true of this patient?

A. He is displaying signs of hyperactive delirium, which
has a worse prognosis than hypoactive delirium

B. He is displaying signs of hyperactive delirium, which
has a better prognosis than hypoactive delirium

C. He is displaying signs of hypoactive delirium, which
has a worse prognosis than hyperactive delirium

D. He is displaying signs of hypoactive delirium, which
has a better prognosis than hyperactive delirium

E. He is displaying signs of hyperactive delirium.
Hyperactive and hypoactive delirium have a similar
prognosis

Signs of hyperactive delirium include agitation
and combativeness. Patients may be extremely
agitated, yell, call out for help, wander the hall-
ways, or enter other patient’s rooms. Patients
with hyperactive delirium are at risk for self-
extubation, harm to self by removal of catheters,
and patient-ventilator asynchrony. Hypoactive
delirium, conversely, is marked by calm, inatten-
tiveness. Patients will often appear sluggish and
lethargic, to the point of stupor. Like hyperactive
delirium, the onset is sudden, and there is the
distinguishing feature of fluctuating level of con-
sciousness. The patient may sometimes be per-
ceived to be depressed. Hypoactive is the less rec-
ognized form of delirium, and accordingly has a
higher mortality rate.

Answer: B

Fink MP, Abraham E, Jean-Louis V, Kochanek P (2005)
Textbook of Critical Care, 4th edn, Elsevier, Philadelphia,
PA.

Guenther U, Popp J, Koecher L, et al. (2010) Validity
and reliability of the CAM-ICU Flowsheet to diagnose
delirium in surgical ICU patients. Journal of Critical Care.
25 (1), 144-51.



Chapter 13 Acid-Base, Fluid and

Electrolytes

Charles Kung Chao Hu, MD, MBA, FACS, FCCP, Andre Nguyen, MD,

and Nicholas Thiessen, MD

1. Following the infusion of isotonic fluids in a normal,
healthy subject, what mediators best requlate sodium level
in the extracellular space?

A. Hypothalamic receptors
B. Antidiuretic hormone
C. Renin-angiotensin-aldosterone system

D. Thirst

As the fluid is isotonic, plasma sodium concen-
tration does not change. It is confined to the extra-
cellular space. The extracellular system primarily
regulates urinary sodium excretion. It is true that
the amount of sodium in the extracellular space
can vary depending on dietary sodium intake, but
in homeostasis, the sodium concentration in the
extracellular space remains constant due to phys-
iological controls that regulate water intake and
excretion. More sodium in the extracellular space
means extracellular fluid expansion. Less sodium
in the extracellular space results in contraction.
Sodium balance is affected by numerous receptors.
The renin-angiotensin-aldosterone system is the
best known mediator of sodium regulation. In addi-
tion, atrial natriuetic peptide, baroreceptors, and
the sympathetic nervous system are all important
components of sodium regulation. The body has
redundancy in sodium regulation.

Answer: C

Kraft MD, Btaiche IF, Sacks GS, Kudsk KA (2005) Treat-
ment of electrolyte disorders in adult patients in the
intensive care unit. American Journal of Health-System
Pharmacy 62 (16), 1663-82.
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Lindeman RD, Papper S (1975) Therapy of fluid and
electrolyte disorders. Annals of Internal Medicine 82 (1),
64-70.

Weiner M, Epstein FH (1970) Signs and symptoms of
electrolyte disorders. Yale Journal of Biological Medicine
43 (2), 76-109.

2. Following infusion of electrolyte-free water in a
normal, healthy subject, which of the following mediators
best requlate plasma sodium concentration?

A. Arginine vasopressin

B. Hypothalamic receptors

C. Renin-angiogensen-aldosterone system
D. Thirst

Electrolyte-free water is distributed throughout
all fluid compartments, extracellular and intracel-
lular space. Since one-third of body water is extra-
cellular, electrolyte-free water only has one-third
effect on extracellular space that isotonic saline has.
Water balance and cell volume are regulate by argi-
nine vasopressin secreted by the neurohypophysis.
It activates V2 receptor in the renal collecting duct,
which in turn activates aquaporins. Vasopressin is
extremely low when plasma sodium concentration
is below 135 meq/L. Above 135 meq/L, vasopressin
level increases linearly in relationship to plasma
sodium concentration. Intake of water, vaso-
pressin secretion, and renal electrolyte-free water
excretion respond to changes of plasma sodium
concentration.

Answer: A

Kraft MD, Btaiche IF, Sacks GS, Kudsk KA (2005) Treat-
ment of electrolyte disorders in adult patients in the
intensive care unit. American Journal of Health-System
Pharmacy 62 (16), 1663-82.



Lindeman RD, Papper S (1975) Therapy of fluid and
electrolyte disorders. Annals of Internal Medicine 82 (1),
64-70.

Weiner M, Epstein FH (1970) Signs and symptoms of
electrolyte disorders. Yale Journal of Biological Medicine
43 (2), 76-109.

3. Your patient is post-operative day 1 from a pan-
creaticoduodenectomy for a tumor in the head of the
pancreas. His serum sodium is 133 meq/L. Currently the
patient is receiving an intravenous infusion of normal
saline at 150 ml/hr. The urine output has been about
55 ml/hr. The patient appears warm, with mild edema
in the lower extremities. What would you do next?

A. Increase normal saline rate to 175 ml/hr

B. Change IV fluids to D5 1/, NS at 100 mL/hr

C. Change IV fluids to lactated Ringers at 150 mL/hr
D.

Maintain current 1V fluid and decrease rate to
100 mL/hr

E. Maintain current IV fluid and rate

Hypotonic hyponatremia results from either
massive water intake, exceeding the capacity to
excrete free water, or impaired water excretion.
There are multiple causes of acute hyponatremia
such as the syndrome of inappropriate antidi-
uretic hormone release, psychogenic self-induced
water intoxication, excessive sweating, or use of
cyclophosphamide, ecstasy (MDMA), or oxytocin.
Nonhypotonic causes of hyponatremia include
IgG therapy, irrigant absorption in prostatectomy
or intrauterine surgery, hyperglycemia, hyper-
lipidemia. In the above scenario, postoperative
hyponatremia is caused by vasopressin secretion
in response to surgical stress. Vasopressin could
be secreted for two or more days postoperatively.
Free water is retained. Sodium and potassium
are excreted in the urine at high concentrations.
As a result, isotonic fluids are “desalinated” and
can lower the plasma sodium concentration. The
treatment in this case is to avoid hypotonic fluid
and excessive volume of isotonic fluids (NS, LR)
after surgery. If symptoms of hyponatremia occurs,
hypertonic saline and diuretics can be used.

Answer: D

Gowrishankar M, Lin SH, Mallie JP, et al. (1998) Acute
hyponatremia in the perioperative period: insights into
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its pathophysiology and recommendations for manage-
ment. Clinical Nephrology 50, 352, 1998.

Steele A, Gowrishankar M, Abrahamson S, et al.
(1997) Postoperative hyponatremia despite near-
isotonic saline infusion: a phenomenon of desalination.
Annals of Internal Medicine 126, 20.

4. A 58-year-old man is now post-operative day 4 after
a colon resection for cancer. On examination, he has mild
edema in his lower extremities. His chest x-ray shows mild
congestive heart failure. He is receiving normal saline at
125 ml/hr and his serum sodium level is 132 meq/L. His
urine output is 40-50 mli/hr. The patient states he takes
diuretics at home on occasion when he develops edema in
his legs. How would you treat his serum sodium?

. Increase IV fluids to 150 ml/hr
. Decrease 1V fluids to 75 ml/hr
. Treat with thiazide diuretics

. Change his IV fluids to hypertonic saline

MmO A W o>

. Treat with loop diuretics and ACE inhibitors

One liter of normal saline will increase plasma
sodium concentration by 1 mEq/L. Thus treating
hyponatremia in edematous patients with saline
will only exacerbate the problem. Thiazide diuretics
are contraindicated since they block reabsorption
of sodium and chloride in the distal tubules and
prevent the generation of maximally dilute urine.
Loop diuretics are the mainstay of treatment in this
case. They improve free water excretion. With the
addition of ACE inhibitors, it is etfective in con-
gestive heart failure and also reduces vasopressin
secretion.

Answer: E

Adrogue HJ, Madias NE (2000) Hyponatremia. New Eng-
land Journal of Medicine 342, 1581.

Sonnenblick M, Friedlander Y, Rosin AJ (1993) Diuretic-
induced severe hyponatremia: review and analysis of
129 reported patients. Chest 103, 601.

Sterns RH, Silver SM, Spital A (2000) Hyponatremia.
The Kidney: Physiology and Pathophysiology. Lippincott
Williams &Wilkins, Philadelphia, PA.
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5. What is the free water deficit in a patient with a
serum sodium of 140 meq/L?

A. 0 liter
B. 1 liter
C. 2 liters
D. 3 liters

E. 4 liters

Water deficit = normal body water
* (1 — (Serum Na/140))

The calculated water deficit is the amount of water
that will return sodium concentration to normal.
Common causes of hypernatremia are: insensible
losses, neurogenic/nephrogenic diabetic insipidus,
lithium, demeclocycline, gastric fluid losses, inges-
tion of excessive salt.

Answer: A

Androgue HJ, Madias NE (2000) Hypernatremia. New
England Journal of Medicine 342,1493.

Kraft MD, Btaiche IF, Sacks GS, Kudsk KA (2005) Treat-
ment of electrolyte disorders in adult patients in the
intensive care unit. American Journal of Health-System
Pharmacy 62 (16), 1663-82.

6. A 47-year-old man presents with lower extremity
numbness and tingling sensation that has been going
on for about 2 weeks. Recently, he states that he has
developed some weakness in his muscles. His past medical
history is unremarkable except for kidney stones. His
metabolic panel reveals a potassium level of 6.8 mEq/dl,
BUN 35 mg/dL, and Cr 1.5 mg/dL. Other values are
within normal limits. A 12-lead EKG reveals elevated T
waves, and slight widening of QRS complexes. You diag-
nosed him with hyperkalemia from Type 1 renal tubular
acidosis (RTA). What is your next plan of action?

A. Calcium chloride, glucose infusion with insulin, cation
exchange resins

B. Glucose infusion with insulin then cation exchange
resins

C. Glucose infusion with insulin, sodium bicarbonate,
then lasix

D. Thiazide diuretics, glucose infusion with insulin, then
cation exchange resin

E. Calcium chloride then dialysis

Multiple  disorders are associated  with
impairment of renal potassium elimination. Most
common etiologies are renal failure (impaired
distal nephron excretion), severe dehydration,
metabolic acidosis (loss of bicarbonate, diarrhea),
rhabdomyolysis, RTA (Type 4, Hyperkalemic type
1), increased dietary intake, or medication induced
(succinylcholine, Beta,-adrenergic  blockade,
insulin deficiency).

Aggressive treatment to lower serum potassium
and to stabilize the cell membrane should be started
for high levels of potassium especially when EKG
changes are present. Infusion of calcium raises
the threshold excitability potential. Bicarbonate,
glucose with insulin, and beta,-adrenergic receptor
stimulation lowers serum potassium by promoting
potassium movement intracellularly. These mea-
sures are temporary, however. For severe or refrac-
tory cases, dialysis is warranted.

Answer: A

A