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Part One

Surgical Critical Care



Respiratory and Cardiovascular Physiology
Marcin Jankowski, DO and Frederick Giberson, MD

1 All of the following are mechanisms by which vasodila-
tors improve cardiac function in acute decompensated
left heart failure except:

A Increase stroke volume

B Decrease ventricular filling pressure
C Increase ventricular preload

D Decrease end-diastolic volume

E Decrease ventricular 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 physiologic
changes increase myocardial oxygen demand and
decrease the pressure gradient for myocardial perfu-
sion resulting in ischemia. Therapy with vasodilators
in the acute setting can often improve hemodynamics
and symptoms.

Nitroglycerine is a powerful venodilator with mild
vasodilatory effects. It relieves pulmonary congestion
through direct venodilation, reducing left and right ven-
tricular filling pressures, systemic vascular 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 “tachyphylaxis” or toler-
ance within 16-24 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 resist-
ance and left and right filling pressures. Its effects on
reducing afterload increase stroke volume 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

Marino, P. (2014) The ICU Book, 4th edn, Lippincott Williams
& Wilkins, Philadelphia, PA, chapter 13.

Mehra, M.R. (2015) Heart failure: management, in Harrison’s
Principles of Internal Medicine, 19th edn (eds D. Kasper,
A. Fauci, S. Hauser, et al.), McGraw-Hill, New York.

2 Which factor is most influential in optimizing the rate of
volume resuscitation through venous access catheters?
A Laminar flow
B Length
C Viscosity
D Radius
E Pressure gradient

The forces that determine flow are derived from observations
on ideal hydraulic circuits that are rigid and the flow is steady
and laminar. The Hagen-Poiseuille equation states that flow is
determined by the fourth power of the inner radius of the tube
(Q= Apnr4/8|.1L), where P is pressure, 1 is viscosity, L is length,
and r is radius. This means that a two-fold increase in the
radius of a catheter will result in a sixteen-fold increase in flow.
As the equation states, the remaining components of resist-
ance, such as pressure difference along the length of the tube
and fluid viscosity, are inversely related and exert a much
smaller influence on flow. Therefore, cannulation of large
central veins with long catheters are much less effective than
cannulation of peripheral veins with a short catheter. This
illustrates that it is the size of the catheter and not the vein
that determines the rate of volume infusion (see Figure 1.1).

Answer: D

Marino, P. (2014) The ICU Book, 4th edn, Lippincott
Williams & Wilkins, Philadelphia, PA, chapter 12.
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Short Catheters
200 T
5
S
3 41
S
° Long Catheters
© —
T 100 <+
2
o
L
0
Diameter 14ga 16ga 16ga 16ga
Length 2in 2in 5.5in 12in

Figure 1.1 The influence of catheter dimensions on the gravity-
driven infusion of water.

3 Choose the correct physiologic process represented by
each of the cardiac pressure-volume loops in Figure 1.2.
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

(A)
~ 120 =
=]
I
£
£
Py 80 -
H More
n
o stroke volume
(% 40
3 Larger
ventricular
preload

T T
60 120

LV volume (mL)

Figure 1.2

the end-diastolic volume increases. In Figure 1.2A, 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 pres-
sure is not affected. Increased afterload, at constant
preload, will have a negative impact on stroke volume.
In Figure 1.2B, 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. and Heller, L. (2014) Cardiovascular
Physiology, 8th edn, McGraw-Hill, New York, chapter 3.

4 A 68-year-old patient is admitted to the SICU follow-
ing a prolonged exploratory laparotomy and extensive
lysis of adhesions for a small bowel obstruction.
The patient is currently tachycardic and hypotensive.
Identify the most effective way of promoting end-organ
perfusion in this patient.

A Increase arterial pressure (total peripheral resist-
ance) 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 inade-
quate perioperative fluid resuscitation. The insensible
losses of an open abdomen for several hours in addition
to significant fluid shifts due to the small bowel obstruc-
tion can significantly lower intravascular volume. The
low urine output is another clue that this patient would
benefit from controlled volume resuscitation.

(B)
120 |-
§> 3
£
E 80 .
g Less Larggr
a stroke volume ventricular
© 40 afterload
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Starting a vasopressor such as norepinephrine would
increase the blood pressure but the effects of increased
afterload on the heart and the peripheral vasoconstric-
tion leading to ischemia would be detrimental in this
patient. Lowering the sympathetic drive with increased
sedation will lead to severe hypotension and worsening
shock. Increasing 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 indi-
cate a decreased stroke volume and lower cardiac output
and would not promote end-organ perfusion.

CO=HRxSV
SV =EDV-ESV

According to the principle of continuity, the stroke out-
put of the heart is the main determinant of circulatory
blood flow. The forces that directly affect the flow are
preload, afterload and contractility. According to the
Frank-Starling principle, in the normal heart diastolic
volume is the principal force that governs the strength
of ventricular contraction. This promotes adequate
cardiac output and good end-organ perfusion.

Answer: C

Levick, J.R. (2013) An Introduction to Cardiovascular
Physiology, Butterworth and Co. London.

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 primarily
determined by myocyte contraction. Therefore, 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. According to the Law of LaPlace, cardiac
wall tension is proportional to the product of intraven-
tricular 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 stimulation will
result in increased oxygen consumption. 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
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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:%mr?’

Therefore
' oC %/V

Substituting this relationship into the Law of LaPlace
ToP-3V

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, R.E. (2011) Cardiovascular Physiology Concepts,
2nd edn. Lippincott, Williams & Wilkins, Philadelphia, PA.

Rhoades, R. and Bell, D.R. (2012) Medical Physiology:
Principles for Clinical Medicine, 4th edn, Lippincott,
Williams & Wilkins, Philadelphia, PA.

6 A 73-year-old obese man with a past medical history
significant for diabetes, hypertension, and peripheral
vascular disease undergoes an elective right hemi-
colectomy. While in the PACU, the patient becomes
acutely hypotensive and lethargic requiring immedi-
ate 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 athighrisk ofanacute coronary event. Hypotension
and decreased mental status clearly indicate the need
for immediate intubation. The effects of positive pres-
sure ventilation will have direct effects on this patient’s
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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 ventricular
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

Cairo, .M. (2016) Extrapulmonary effects of mechanical
ventilation, in Pilbeam’s Mechanical Ventilation.
Physiological and Clinical Applications, 6th edn,
Elsevier, St. Louis, MO, pp. 304—314

7 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 Hg MAP=50mm Hg PCWP=8mm
Hg, PaOy=60mm Hg CO=4.5L/min, SVR=450
dynes -sec/cm”, and O, saturation of 93%. The hemo-
globin is 8g/dL. The most effective intervention to
maximize perfusion pressure and oxygen delivery
would be which of the following?
A Titrate the FiO, to a SaO, > 98%
B Transfuse with two units of packed red blood cells
C Fluid bolus with 1L normal saline
D Titrate the FiO, to a PaO, >80
E Start a vasopressor

To maximize the oxygen delivery (DO,) and perfusion
pressure to the vital organs, it is important to determine
the factors that directly affect it. According to the formula
below, oxygen delivery (DO,) is dependent on cardiac
output (Q), the hemoglobin level (Hb), and the O, satu-
ration (SaO,):

DO, =Qx(1.34xHbxSa0, x10)+(0.003x Pa0, )

This patient is likely septic from his infectious process.
In addition, the long operation likely included a signifi-
cant blood loss and fluid shifts so hypovolemic/hemor-
rhagic shock is likely contributing 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 inappropriate; 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, to a
saturation of greater than 98% would not be clinically
relevant. Although the patient requires better oxygen-
carrying capacity, this would be better solved with red
blood cell replacement.

Answer: B

Marino, P. (2014) The ICU Book, 4th edn, Lippincott
Williams & Wilkins, Philadelphia, PA, chapter 2.

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

A Limit the increase in residual volume (RV)

B Limit the decrease in expiratory reserve volume
(ERV)

C Limit the increase in inspiratory reserve volume
(IRV)

D Limit the decrease in tidal volume (T'V)

E Increase pCO,

Patients with ARDS have a significantly decreased 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 hypoventilation and refractory hypoxemia.
The minimum volume and pressure of gas necessary
to prevent small airway collapse is the critical closing
volume (CCV). When CCV exceeds functional resid-
ual 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 main-
taining 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 has no effect
on inspiratory reserve volume (IRV) or tidal volume
(TV) and does not increase pCO,.

Answer: B



Rimensberger, P.C. and Bryan, A.C. (1999) Measurement
of functional residual capacity in the critically ill.
Relevance for the assessment of respiratory mechanics
during mechanical ventilation. Intensive Care Medicine,
25 (5), 540-542.

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

9 Which of the five mechanical events of the cardiac
cycle is described by an initial contraction, increasing
ventricular pressure and closing of the AV valves?

A Ventricular diastole

B Atrial systole

C Isovolumic ventricular contraction
D Ventricular ejection (systole)

E Isovolumic relaxation

The repetitive cellular electrical events resulting in
mechanical motions of the heart occur with each beat
and make up the cardiac cycle. The mechanical events of

0 MID-DIASTOLE: Atrioventricular valves
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the cardiac cycle correlate with ECG waves and occur in
five phases described in Figure 1.3.

1) Ventricular diastole (mid-diastole): Throughout most
of ventricular diastole, the atria and ventricles are
relaxed. The AV valves are open, and the ventricles fill
passively.

2) Atrial systole: During atrial systole a small amount of
additional blood is pumped into the ventricles.

3) Isovolumic ventricular contraction: Initial contrac-
tion increases ventricular pressure, closing the AV
valves. Blood is pressurized during isovolumic
ventricular contraction.

4) Ventricular ejection (systole): The semilunar valves
open when ventricular pressures exceed pressures in
the aorta and pulmonary artery. Ventricular ejection
(systole) of blood follows.

5) Isovolumic relaxation: The semilunar valves close
when the ventricles relax and pressure in the ventri-
cles decreases. The AV valves open when pressure
in the ventricles decreases below atrial pressure.

open, ventricles are relaxed, filling passively.

© 1SOVOLUMIC RELAXATION

¢

@ VENTRICULAR EJECTION (systole)

¢

Figure 1.3 The cardiac cycle illustrated.

@ ATRIAL SYSTOLE

\

ISOVOLUMIC CONTRACTION: Atrioventricular
valves close; blood is pressurized.

@
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Atria fill with blood throughout ventricular systole,
allowing rapid ventricular filling at the start of the
next diastolic period.

Answer: C

Kibble, J.D. and Halsey, C.R. (2015) Cardiovascular
physiology, in Medical Physiology: The Big Picture,
McGraw-Hill, New York, pp. 131-174.

Barrett, K.E., Barman, S.M., Boitano, S., and Brooks, H.L.
(2016) The heart as a pump, in Ganong’s Review of
Medical Physiology (K. E. Barrett, S.M. Barman, S,
Boitano, and H.L. Brooks, eds), 25th edn, McGraw-Hill,
New York, pp. 537-553.

10 A recent post-op 78-year-old man is admitted to
the STICU with an acute myocardial infarction
and resulting severe hypotension. A STAT ECHO
shows decompensating right-sided heart failure.
CVP=23cmH,0. What is the most appropriate
therapeutic intervention at this time?

A Volume

B Vasodilator therapy

C Furosemide

D Inodilator therapy

E Mechanical cardiac support

The mainstay therapy of right-sided heart failure associ-
ated with severe hypotension as a result of an acute myo-
cardial infarction is volume infusion. However, it is
important to carefully monitor the CVP or PAWP in
order to avoid worsening right heart failure resulting in
left-sided heart failure as a result of interventricular
interdependence. A mechanism where right-sided vol-
ume overload leads to septal deviation and compromised
left ventricular filling. An elevated CVP or PAWP of > 15
should be utilized as an endpoint of volume infusion
in right heart failure. At this point, inodilator therapy
with dobutamine or levosimendan should be initiated.
Additional volume infusion would only lead to further
hemodynamic instability and potential collapse.
Vasodilator therapy should only be used in normotensive
heart failure due to its risk for hypotension. Diuretics
should only be used in normo- or hypertensive heart
failure patients. Mechanical cardiac support should only
be initiated in patients who are in cardiogenic shock due
to left-sided heart failure.

Acute decompensated heart failure (ADHF) can
present in many different ways and require different
therapeutic strategies. This patient represents the
“low output” phenotype that is often associated with
hypoperfusion and end-organ dysfunction. See
Figure 1.4.

Answer: D

Mehra, M.R. (2015) Heart failure: management, in
Harrison’s Principles of Internal Medicine, 19th edn
(D. Kasper, A. Fauci, S. Hauser, et al., eds), McGraw-Hill,
New York, chapter 280.

11 Theright atrial tracing in Figure 1.5 is consistent with:
A Tricuspid stenosis
B Normal right atrial waveform tracing
C Tricuspid regurgitation
D Counstrictive pericarditis
E Mitral stenosis

The normal jugular venous pulse contains three posi-
tive waves (Figure 1.6). 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 (c wave); and during ventricular systole until the
tricuspid valve opens (v wave). The “a” wave is gener-
ated 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.

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 move-
ment of the lower portion of the right atrium toward
the right ventricle during the final phases of ventricular
systole. The y descent represents 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.

Answer: C

Hall, J.B., Schmidt, G.A., and Wood, L.D.H. (eds) (2005)
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, L.E. and Wipf, J.E. (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).
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Figure 1.5

12 The addition of PEEP in optimizing ventilatory support

in patients with ARDS does all of the following except:

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

B Maximizes inspiratory alveolar recruitment

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

D Improves 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 func-
tional residual capacity (FRC) above the critical closing
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 collapse results in improved V/Q mis-
match, 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 recruitment;
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 distress
syndrome. New England Journal of Medicine 354,
1775-1786.

West, B. (2008) Pulmonary Pathophysiology — The
Essentials, 8th edn, Lippincott, Williams & Wilkins,
Philadelphia, PA.
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(A) Tricuspid stenosis.

large a wave with impaired y descent

I normal

(C) Tricuspid regurgitation.

CV merger
I normal

(D) Constrictive pericarditis

striking y descent

I normal
W
Figure 1.6

13 A 70-year-old man with a history of diabetes, hyper-
tension, 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 respiratory distress and oxygen saturation of
88%. Blood gas analysis reveals the following:
pH=743
paO,=55mm Hg
HCO3=23mmol/L
pCOy,=35mm Hg

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

A 8mm Hg

B 15mm Hg

C 30mm Hg
D 51mm Hg
E 61mm Hg

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

P302 = F102 (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.

14 What is the most likely etiology of the patient in
question 13’s respiratory failure and the appropri-
ate intervention?

A Pulmonary edema, cardiac workup

B Neuromuscular weakness, intubation, and rever-
sal of anesthetic

C Pulmonary embolism, systemic anticoagulation

D Acute asthma exacerbation, bronchodilators

E Hypoventilation, pain control

Disorders that cause hypoxemia can be categorized
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 deter-
mine 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 adminis-
tration of 100% oxygen. Since this patient’s hypoxemia
does not improve after being placed on the nonre-
breather 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 PaCQ,, an elevated A-a gradient and hypox-
emia 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 administration therefore a shunt is clearly present.
Common causes of shunting include pulmonary edema
and pneumonia.

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

Answer: A

Weinberger, S.E., Cockrill, B.A., and Mande, J. (2008)
Principles of Pulmonary Medicine, 5th edn.
W.B. Saunders, Philadelphia, PA.

15  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¢mH,0
AtP =15¢m H,0O
APes =5cmH,0

What is the likely cause of the increased peak airway
pressures and what is your next intervention?
A Decreased lung compliance, increase PEEP to
25cm H,0O
B Decreased lung compliance, high frequency oscilla-
tor ventilation
C Decreased chest wall compliance, increase PEEP
to 25cm H,0O
D Decreased chest wall compliance, high-frequency
oscillator ventilation
E Decreased lung compliance, bronchodilators

The high plateau pressures in this patient are concern-
ing for worsening lung function or poor chest-wall
mechanics due to obesity that don’t allow for proper
gas exchange. One way to differentiate the major cause
of these elevated plateau pressures is to place an esoph-
ageal balloon. After placement, measuring the proper
pressures on inspiration and expiration reveals that
the largest contributing factor to these high pres-
sures is the weight of the chest wall causing poor
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chest-wall compliance. The small change in esopha-
geal pressures, 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 pres-
sures is poor chest-wall compliance. 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 affecting
the blood pressure.

Answer: D

Talmor, D., Sarge, T., O’'Donnell, C., and Ritz, R. (2006)
Esophageal and transpulmonary pressures in acute
respiratory failure. Critical Care Medicine, 34 (5),
1389-1394.

Valenza, ., Chevallard, G., Porro, G.A., and Gattinoni, L.
(2007) Static and dynamic components of esophageal
and central venous pressure during intra-abdominal
hypertension. Critical Care Medicine, 35 (6),
1575-1581.

16  All of the following cardiovascular changes occur in
pregnancy except:
A Increased cardiac output
B Decreased plasma volume
C Increased heart rate
D Decreased systemic vascular resistance
E Increased red blood cell mass — “relative anemia”

The following cardiovascular changes occur during
pregnancy:

Decreased systemic vascular resistance
Increased plasma volume

Increased red blood cell volume
Increased heart rate

Increased ventricular distention
Increased blood pressure

Increased cardiac output

Decreased peripheral vascular resistance

Answer: B

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

Yeomans, E.R. and Gilstrap, L.C., IIL. (2005) Physiologic
changes in pregnancy and their impact on critical care.
Critical Care Medicine, 33, 256—258.

17 Choose the incorrect statement regarding the physiol-
ogy of the intra-aortic balloon pump:



12

Surgical Critical Care and Emergency Surgery

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

C Early inflation leads to increased afterload and
decreased cardiac output

D Early or late deflation leads to a smaller after-
load reduction

E Aortic valve insufficiency is a definite contra-
indication

Patients who suffer hemodynamic compromise despite
medical therapies may benefit from mechanical cardiac
support of an intra-aortic balloon pump (IABP). One of
the benefits of this device is the decreased oxygen
demand of the myocardium as a result of the shortened
intraventricular contraction phase. It is of great impor-
tance 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 2 cm below the aortic knob or
between the second and third rib. If the balloon is placed
too proximal in the aorta, occlusion of the brachioce-
phalic, 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 dissection, neu-
rologic complications, thrombocytopenia, 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 reduc-
tion. One of the definite contraindications to placement
of an IABP is the presence of a hemodynamically signifi-
cant aortic valve insufficiency. This would exacerbate the
magnitude of the aortic regurgitation.

Answer: A

Ferguson, J.J., Cohen, M., Freedman, R.J., et al. (2001) The
current practice of intra-aortic balloon counterpulsation:
results from the Benchmark Registry. Journal of
American Cardiology, 38, 1456—1462.

Hurwitz, L.M. and Goodman, P.C. (2005) Intraaortic
balloon pump location and aortic dissection. American
Journal of Roentgenology, 184, 1245-1246.

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

18 Choose the incorrect statement regarding the West

lung zones:

A Zone 1 does not exist under normal physiologic
conditions

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

C V/Q ratio is higher in zone 1 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 pres-
sures (PA >Pa>Pv).

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

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 physiologic condi-
tions because pulmonary arterial pressure is higher than
alveolar pressure in all parts of the lung. However, when
a patient is placed on mechanical ventilation (positive
pressure ventilation with PEEP) the alveolar pressure
(PA) becomes greater than the pulmonary arterial pres-
sure (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., and Naimark, A. (1964) Distribution
of blood flow in isolated lung; relation to vascular and
alveolar pressures. Journal of Applied Physiology, 19,
713-724.

19 Choose the correct statement regarding clinical
implications of cardiopulmonary interactions during
mechanical ventilation:



A The decreased trans-pulmonary 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 trans-pulmonary 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 trans-pulmonary pressure and decreased
systemic filling pressure is responsible for decreased
venous return to the heart resulting in hypotension.
This phenomenon is more pronounced in hypovolemic
patients and may worsen hypotension in patients with
low PCWP.

Right ventricular end-diastolic volume is decreased
due to the increased transpulmonary pressure 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
Clinics, 37 (3), 35—46.

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

20 The location of optimal PEEP on a volume-pressure
curve is:
A 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 compliant lungs
that require more pressure to achieve the same volume
of ventilation. On a pressure-volume curve, the lower
inflection point represents increased pressure neces-
sary 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 inflection point and below the lower inflection

Respiratory and Cardiovascular Physiology | 13

point. Any ventilation above the upper inflection
point results in some degree of over-distention 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 inflec-
tion point.

Answer: B

Lubin, ML.E,, Smith, R.B., Dobson, T.E, et al. (2010) Medical
Management of the Surgical Patient: A Textbook of
Perioperative Medicine, 4th edn, Cambridge University
Press, Cambridge.

Ward, N.S., Lin, D.Y., Nelson, D.L., 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), 963-968.

21 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

C Critical oxygen delivery is constant and clinically
predictable

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 maintain a con-
stant 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. Unfortunately, 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 representing
the lowest level of oxygen to support aerobic metabo-
lism. After this point, oxygen delivery becomes supply
dependent and the rate of aerobic metabolism is
directly limited by the oxygen supply. Therefore, oxygen
uptake is only constant until it reaches maximal oxygen
extraction and becomes oxygen-supply dependent.
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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 critical oxygen delivery in ICU patients is not pos-
sible and is clinically irrelevant.

Answer: D

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

Schumacker, PT. and Cain, S.M. (1987) The concept of a
critical oxygen delivery. Intensive Care Medicine, 13(4),
223-229.

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

A Increased capillary and interstitial hydrostatic
pressure gradient

B Increased oncotic reflection coefficient

C Increased capillary and interstitial oncotic pres-
sure 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 movement of fluid
across capillary membranes.

Jo=K([B~B])-0[r -]

P, = Capillary hydrostatic pressure
P, =Interstitial hydrostatic pressure
7. = Capillary oncotic pressure

7i = Interstitial oncotic pressure

K y = Permeability coefficient

o = Reflection coefficient

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

Answer: D

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

Lewis C.A. and Martin, G.S. (2004) Understanding and
managing fluid balance in patients with acute lung
injury. Current Opinion in Critical Care, 10 (1), 13-17.
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Cardiopulmonary Resuscitation, Oxygen Delivery, and Shock
Filip Moshkovsky, DO, Luis Cardenas, DO and Mark Cipolle, MD

1 A patient is in ventricular fibrillation with cardiac
arrest. Administration of what treatment option is no
longer recommended in the updated 2015 American
Heart Association guidelines for CPR:

A Magnesium sulfate

B Monophasic shock with 360]
C Epinephrine HCI

D Lidocaine

E Vasopressin

The updated guidelines from the American Heart Asso-
ciation in 2015 no longer recommend administration of
vasopressin in any of the ACLS algorithms. There has been
no advantage in substituting epinephrine with vasopressin
and therefore has been completely removed as a recom-
mended chemical agent for cardiac arrest. Magnesium sul-
fate is recommended in cardiac arrest if torsades de pointes
is identified. Monophasic shock with 360] is recom-
mended. Alternatively, biphasic shock can be administered
set to the highest manufacturer recommended setting.
Lidocaine can be administered if first- line recommended
antiarrhythmic, amiodarone, is not available.

Answer: E

American Heart Association (2015) Part 7: adult advanced
cardiovascular life support: 2015 American Heart
Association guidelines update for CPR and emergency
cardiovascular care. Circulation, 132 (suppl 2),
S$444-5464.

2 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 myo-
cardial ischemia and diabetes have no role in influencing
survival rates from sudden cardiac arrest. Survival rates
are extremely variable and range from 0 to 18%. There
are several factors that influence these survival rates.
Community education plays a large role in the survival of
patients who have undergone a significant cardiac event.
Cardiopulmonary resuscitation certification, as well as
apid notification of emergency medical services (EMS),
and rapid initiation of CPR and defibrillation all contrib-
ute to improving survival. Other factors include wit-
nessed versus non-witnessed cardiac 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 initially present in
pulseless electrical activity (PEA) arrest.

Answer: D

Cummins, R.O,, Ornato, J.P,, Thies, W.H., and Pepe, PE.
(1991) Improving survival from sudden cardiac arrest:
the “chain of survival” concept. A statement for health
professionals from the Advanced Cardiac Life Support
Subcommittee and the Emergency Cardiac Care
Committee, American Heart Association. Circulation,
83, 1832-1847.

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

Zipes, D. and Hein, W. (1998) Sudden cardiac death.
Circulation, 98, 2334—2351.

3 For prehospital VF arrest, compared to lidocaine,
amiodarone administration in the field:
A Improves survival to hospital admission
B Decreases the rate of vasopressor use for hypotension
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C Decreases use of atropine for treatment of
bradycardia

D Improves survival to hospital discharge

E 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
hypotension, or atropine usage for bradycardia. Results
also revealed that there was no difference in the rates of
hospital discharge between the two groups (5.0% versus
3.0%). The ALIVE trial results did support the 2005
American Heart Association (AHA) recommendation to
use amiodarone as the first-line antiarrhythmic agent in
cardiac arrest. The updated 2015 guidelines from AHA
continue to recommend amiodarone as the first line anti-
arrhythmic agent. The guidelines state that amiodarone
should be given as a 300 mg intravenous bolus, followed
by one dose of 150 mg intravenously for ventricular fibril-
lation, paroxysmal ventricular tachycardia, unresponsive
to CPR, shock, or vasopressors.

Answer: A

American Heart Association (2015) Part 7: Adult advanced
cardiovascular life support: 2015 American Heart
Association guidelines update for CPR and emergency
cardiovascular care. Circulation, 132 (suppl 2),
S444-S464.

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

Dorian, P, Cass, D., Schwartz, B., et al. (2002) Amiodarone
as compared with lidocaine for shock-resistant
ventricular fibrillation. New England Journal of
Medicine, 346, 884—890.

4 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
arrest. PEA is defined as cardiac electrical 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 antegrade force to produce a palpable pulse or a

blood pressure. Medications to treat PEA arrest include
epinephrine, and in some cases, atropine. Definitive
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, tamponade (cardiac), tension pneu-
mothorax, thrombosis (cardiac or pulmonary), and
trauma. Hypomagnesemia manifests as weakness,
muscle cramps, increased CNS irritability with tremors,
athetosis, nystagmus, and an extensor plantar reflex.
Most frequently, hypomagnesemia is associated with
torsades de pointes, not PEA.

Answer: C

American Heart Association (2015) Part 7: adult advanced
cardiovascular life support: 2015 American Heart
Association guidelines update for CPR and emergency
cardiovascular care. Circulation, 132 (suppl 2),
S444-5464.

American Heart Association (2016) Part 5: cardiac arrest:
pulseless electrical activity. Advanced Cardiovascular
Life Support — Provider manual.

5 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%
cerebral blood flow

B 30-40% of 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 myocardial
blood flow and 30-40% of cerebral blood flow. Most
studies have shown that regional organ perfusion,
which is achieved during CPR, is considerably less
than that achieved during normal sinus rhythm.
Previous research in this area has stated that a mini-
mum aortic diastolic pressure of approximately 40 mm
Hg is needed to have a return of spontaneous circula-
tion. Patients who do survive cardiac arrest typically
have a coronary perfusion pressure of greater than
15mm Hg.

Answer: A



Del Guercio, L.R.M,, Feins, N.R., Cohn, J., et al. (1965)
Comparison of blood flow during external and
internal cardiac massage in man. Circulation, 31/32
(suppl. 1), 171.

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

6 All of the following are recommended in the 2005
AHA guidelines and the 2015 AHA update 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
unsuccessful 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 current rec-
ommendation for patients with any non-perfusing
rhythm. The recommendation of C/V ratio 30:2 in
patients of all ages except newborns is unchanged in
the 2015 AHA updated guideline. This ratio is based on
several studies showing that over time, blood-flow
increases with more chest compressions. Performing
15 compressions then two rescue breaths causes the
mechanism to be interrupted and decreases blood flow
to the tissues. The 30:2 ratio is thought to reduce hyper-
ventilation of the patient, decrease interruptions of
compressions and make it easier for healthcare workers
to understand. Compression first, versus shock first, for
ventricular fibrillation 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
initial shock if the interval was 4—5 minutes or longer.
A period of CPR before attempted shock improved
survival in these patients. One shock versus the three-
shock sequence for attempted defibrillation is the latest
recommendation from 2005 guidelines and has not
changed in the updated 2015 guidelines. The guidelines
state that only one shock of 150] or 200] using a bipha-
sic defibrillator or 360] of a monophasic defibrillator
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 contin-
ues to be part of the guidelines.

Answer: D
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American Heart Association (2015) Part 7: adult advanced
cardiovascular life support: 2015 American Heart
Association guidelines update for CPR and emergency
cardiovascular care. Circulation, 132 (suppl 2), S444—S464.

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

Zaritsky, A. and Morley, P. (2005) American Heart
Association guidelines for cardiopulmonary resuscitation
and emergency cardiovascular care. Editorial: the evidence
evaluation process for the 2005 International Consensus
on Cardiopulmonary Resuscitation and Emergency
Cardiovascular Care Science with Treatment
Recommendations. Circulation, 112, 128-130.

7 A 67-year-old man was discharged 3 days ago after
elective colostomy reversal. He has chest pain and a wit-
nessed cardiac arrest. ACLS was provided and ROSC
was obtained after 5 minutes of CPR. The patient was
intubated secondary to his comatose state with concern
for inability to protect his airway. The following will
increase his likelihood of a meaningful recovery:

A Early tracheostomy placement

B Continue with 80% FiO, for 8 hours after obtaining
ROSC

C Initiate targeted temperature management immie-
diately, maintaining temperature at 30 °C

D Avoid use of pressors given the recent colostomy
reversal

E If there is concern for a cardiac cause of cardiac
arrest, obtain coronary intervention even if patient
is unstable on pressors

The new updated 2015 guidelines for cardiac arrest rec-
ommend initiating coronary intervention in suspected
cardiac etiology for out-of-hospital cardiac arrest. This
should not be delayed even if the patient is requiring
pressor support and is unstable. Also recommended in
the 2005 guidelines and the 2015 update is the use of
hypothermia after cardiac arrest. This should not delay
coronary intervention but should be started as soon as
possible. The new updates also change the range of
hypothermia to include 32-36°C. 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 com-
pared to patients who received standard therapy. Both
studies also showed an improvement in neurologic func-
tion after hypothermia treatment. In several small stud-
ies, high-dose epinephrine failed to show any survival
benefit in patients that have suffered cardiac arrest.

Answer: E
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American Heart Association (2015) Part 8: post cardiac
arrest care: 2015 American Heart Association guidelines
update for CPR and emergency cardiovascular care.
Circulation, 132 (suppl 2), S465-S482.

Parrillo, E.J. and Dellinger, R.P. (2014) Critical Care
Medicine: Principles of Diagnosis and Management in the
Adult, 4th edn. W.B. Saunders & Co., Philadelphia, PA

8 What is the oxygen content (CaQO,) 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 (PaO,) of 90 mm Hg.

A 10mL/dL
B 1I1mL/dL
C 12mL/dL
D 13mL/dL
E 14mL/dL

The oxygen content of the blood can be calculated from
knowing the patient’s hemoglobin, oxygen saturation,
and partial pressure of arterial oxygen and the following
formula.

Ca0, = (1.3><beSaOz)+(O.003><Pa02)
Ca0, =(1.3x11x0.96)+(0.003x90)
Ca0, =(13.72)+(0.27)

=13.99or14 mL/dL

The equation can be simplified by ignoring the second
half of the equation due to the very small amount of dis-
solved oxygen in blood. In this case, only 0.27 mL/dL of
oxygen is dissolved and this is less then 2% of the total
oxygen found in the blood. In order to simplify the equa-
tion, the accuracy of the oxygen content will be slightly
off but still reflect greater than 98% of the true oxygen in
the blood.
The simplified equation is:

Ca0, =1.34xHbx Sa0,

Answer: E

Marino, P. (2014) The ICU Book, 4th edn, Lippincott
Williams & Wilkins, Philadelphia, PA.

9 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 410mL/min
B 510mL/min
C 521mL/min
D 700 mL/min
E 610mL/min

Oxygen delivery can be calculated knowing the patient’s
hemoglobin, oxygen saturation, partial pressure of
arterial oxygen, and cardiac output using the following
formula.

DO, =QxCa0, or DO, =Q((1.3xHbxSa0,)
+(0.003xPa0,))x10

Q =cardiac output, CaCo, =oxygen content of the blood
DO, =4x((1.3x10x0.98) +(0.003x92) ) x 10
DO, =520.6 or 521 mL/ min

The equation is multiplied by 10 to convert volumes
percent to mL/min. This equation can be simplified as
well with ignoring the dissolved oxygen in the blood.
Multiplying (0.003 x 92) =0.27 which is a small fraction
of the total number. The simplified equation can be
used as follows:

DO, =COxCa0, x10

A DO, index can be calculated by substituting the car-
diac index for the cardiac output, which is the cardiac
output divided by the body surface area (BSA).

Answer: C

Marino, P. (2014) The ICU Book, 4th edn, Lippincott
Williams & Wilkins, Philadelphia, PA.

10  Calculate the oxygen consumption (N Os) in a venti-
lated patient in your ICU with a cardiac output of
5L/min, a Hb of 12.0 gm/dL, PaO, 90mm Hg, an
8a0, of 95%, and an SvO, of 60%.

A 178 mL/min
B 281mL/min
C 378 mL/min
D 478 mL/min
E 578 mL/min

Oxygen uptake/consumption (VO,), can be calculated
using the patients hemoglobin, arterial oxygen satura-
tion and venous oxygen saturation. The constant of
1.34 is the maximum saturation of hemoglobin with
oxygen. Given that dissolved oxygen in the blood is an
extremely small amount, this may be omitted from the
equation.

VO, =COx(1.34xHb) x(Sa0, — Sv0, ) x 10.
VO, =5L/minx(1.34x12gm/dL)x(0.95-0.60)x 10

Answer: B

Marino, P. (2014) The ICU Book, 4th edn, Lippincott
Williams & Wilkins, Philadelphia, PA.



11 A 47-year-old man presents with pancreatitis. He
has not been able to eat or drink for 2 days and
states he last urinated over 24 hours ago. He is
admitted to the ICU and the following data was
obtained: SvO, of 40%, Cardiac Index of 1.6 L/min/
m?% Hb of 16 gm/dL and SaO, of 100%. An expected
oxygen extraction would be?

A 10%
B 30%
C 40%
D 60%
E 70%

Hypovolemic shock will lead to decreased mixed venous
oxygen saturation and decreased cardiac index. Because of
the decreased oxygen delivery secondary to decreased car-
diac output the body can compensate delivery of oxygen to
the tissues by increasing the oxygen extraction (O,ER).
O,ER is the ratio of oxygen uptake (VO,) of the tissue to
the oxygen delivery (DO,). Oxygen that is not extracted
returns to the mixed venous circulation and the normal
mixed venous saturation (SvO,) from the pulmonary artery
is approximately 75%. The equation for oxygen extraction
is: O,ER =V0,/DO, This ratio is written out as follows:

O,ER =[ COx(1.34x Hb)v(Sa0, — Sv0, ) x10 |
/[COx(l.?)éLbe)x SaOz}

A significant portion of the equation cancels out and is
simplified as:

O,ER =(8a0, - Sv0,)/Sa0,

From the question above the equation is calculated as
follows:

O,ER=(1-0.4)/1

0.6 converts to 60% extraction.

This equation implies that the mixed venous blood is
extracted from the pulmonary artery since blood from
the vena cava may not be a reliable representation of true
whole body mixed venous blood saturation. The heart
has the highest oxygen extraction and in the ICU patient,
may significantly alter this equation if blood from the
vena cava, and not the pulmonary artery, is used.
Different tissues/organs have different maximal extrac-
tion rates with the heart being able to extract the most,
nearing 100%, while kidneys may be able to extract 50%.
If the supply of the oxygen to the tissues is less than
tissue demand, or because of limited extraction of any
tissue causes dysoxia, this will lead to cell dysfunction
and decreased ATP production with ensuing tissue/
organ dysfunction such as seen in shock.

Answer: D
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Fink, M.P, Abraham, E., Vincent, J.L., and Kochanek, P.M.
(2005) Text Book of Critical Care, 5th edn, W.B.
Saunders & Co., Philadelphia, PA.

Marino, P. (2014) The ICU Book, 4th edn, Lippincott
Williams & Wilkins, Philadelphia, PA.

Parrillo, E.J. and Dellinger, R.P. (2014) Critical Care
Medicine: Principles of Diagnosis and Management
in the Adult, 4th edn, W.B. Saunders & Co.,
Philadelphia, PA.

12 All of the following shift the oxygen-dissociation
curve to the left except:
A Fetal Hb
B Carboxyhemoglobin
C Respiratory alkalosis
D Hypercapnia
E Hypothermia

The oxygen-dissociation curve is a great tool to help
understand how hemoglobin carries and releases
oxygen. This curve explains how and why oxygen is
released at the peripheral capillaries but has increased
uptake in the pulmonary capillaries. The sinusoidal
curve plots the proportion of saturated hemoglobin
on the vertical axis presented as a percentage against
partial pressure of oxygen on the horizontal axis.
There are multiple factors that will shift the curve
either to the right or to the left. A rightward shift indi-
cates that the hemoglobin has a decreased affinity for
oxygen and will therefore release oxygen from the
hemoglobin into the capillary bed. 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 indi-
cates that the hemoglobin has an increased affinity for
oxygen, so that the hemoglobin binds oxygen more
easily but unloads it more judiciously. The following
are common causes for a left shift: alkalemia, hypo-
thermia, decreased CQO,, decreased 2,3 DPG and car-
boxyhemoglobin. The opposite will shift the curve to
the right: acidemia, hyperthermia, increased CO,, and
increased 2,3 DPG.

Answer: D

Marini, ].J. and Wheeler, A.P. (2006) Critical Care
Medicine, The Essentials, Lippincott Williams & Wilkins,
Philadelphia, PA.

Marino, P. (2014) The ICU Book, 4th edn, Lippincott
Williams & Wilkins, Philadelphia, PA.
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13 The diagnosis of SIRS may include all of the follow-
ing except:
A A blood pressure of 86/40 mm Hg
B Temperature of 35.6°C
C Heart rate of 103 beats/min
D PaCO, of 27 mm Hg
E WBC of 15.5x 10*/microL

Hypotension is not included in the criteria for the
diagnosis of systemic inflammatory response syndrome
(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 is defined as being present when
two or more of the following criteria are met:

Temperature : > 38°C or <36°C

Heart rate : > 90 beats/min

Respiratory rate >20 breaths/min or PaCO, <32 mm Hg
WBC >12000/microL or <4000/microL

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

Answer: A

Marini, J.J. and Wheeler, A.P. (2006) Critical Care
Medicine, The Essentials, Lippincott Williams & Wilkins,
Philadelphia, PA.

Marino, P. (2014) The ICU Book, 4th edn, Lippincott
Williams & Wilkins, Philadelphia, PA.

14 All of the following are consistent with cardiogenic
shock except:
A PAWP > 18 mm Hg
B C.I < 2.2L/min/m’
C Sa0, 0f 86%
D Pulmonary edema
E Svoz 0f90%

An SyO; of 90% is increased from the normal range of
70-75%, which would be consistent with septic shock,
not cardiogenic shock. The SyO, is decreased in cardio-
genic shock. Cardiogenic shock results from either a
direct or indirect insult to the heart, leading to decreased
cardiac output, despite normal ventricular filling pres-
sures. Cardiogenic shock is diagnosed when the cardiac
index is less than 2.2L/min/m?% and the pulmonary

wedge pressure is greater than 18 mm Hg. The decreased
contractility of the left ventricle is the etiology of cardio-
genic shock. Because the ejection fraction is reduced,
the ventricle tries to compensate by becoming more
compliant in an effort 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 pulmo-
nary edema, an increase in myocardial oxygen consump-
tion, and an increased intrapulmonary shunt, resulting
in decreasing SaO,,

Answer: E

Marini, J.J. and Wheeler, A.P. (2006) Critical Care
Medicine, The Essentials, Lippincott Williams & Wilkins,
Philadelphia, PA.

Marino, P. (2014) The ICU Book, 4th edn, Lippincott
Williams & Wilkins, Philadelphia, PA.

Parrillo, E.J. and Dellinger, R.P. (2014) Critical Care
Medicine: Principles of Diagnosis and Management in
the Adult, 4th edn, W.B. Saunders & Co, Philadelphia, PA

15 All of the following statements regarding pulsus

paradoxus are true except:

A It is considered a normal variant during the
inspiratory 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
inspiration, 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

E Cardiac cause may include
pericarditis

constrictive

Pulsus paradoxus is defined as a decrease in systolic
blood pressure greater than 10mm Hg during the
inspiratory phase of the respiratory cycle, and may be
considered a normal variant. Under normal conditions,
there are several changes in intrathoracic 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 interven-
tricular septum to 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. This fall
in stroke volume of the left ventricle is reflected as a fall
in systolic pressure. On clinical 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



pericardial tamponade as demonstrated by Curtiss et al.
Pulsus paradoxus has been linked to several disease
processes that can be separated into cardiac, pulmonary,
and noncardiac/nonpulmlonary causes. Cardiac causes
are tamponade, constrictive pericarditis, pericardial
effusion, and cardiogenic shock. Pulmonary causes
include pulmonary embolism, tension pneumothorax,
asthma, and COPD. Noncardiac/nonpulmonary causes
include anaphylactic reactions and shock, and obstruc-
tion of the superior vena cava.

Answer: C

Curtiss, E.I., Reddy, P.S., Uretsky, B.E,, and Cecchetti, A.A.
(1988) Pulsus paradoxus: definition and relation to the
severity of cardiac tamponade. American Heart Journal,
115 (2), 391-398.

Guyton, A.G. (1963) Circulatory Physiology: Cardiac
Output and Its Regulation, W. B. Saunders & Co.,
Philadelphia, PA.

16  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 hypoten-
sion and bradycardia that is from disruption of
the autonomic 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

E Loss of motor paralysis, severe neuropathic pain,
and intact sensation

Spinal shock refers to a loss of sensation followed 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. Neuropathic pain is not a usual symptom.
Neurogenic shock involves hemodynamic compro-
mise associated with bradycardia and decreased sys-
temic vascular resistance that typically occurs with
injuries above the level of T6. Neurogenic shock is a form
of distributive shock which is due to disruption of the
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sympathetic autonomic pathways within the spinal cord,
resulting in hypotension and bradycardia. Treatment
consists of volume resuscitation and vasopressors (pure
alpha-agonist) for blood pressure control.

Answer: A

Marini, J.J. and Wheeler, A.P. (2006) Critical Care
Medicine, The Essentials, Lippincott Williams & Wilkins,
Philadelphia, PA.

Mattox, L.K., Moore, E.E., and Faliciano, V.D. (2013)
Trauma, 7th edn, McGraw-Hill. New York, NY.

Piepmeyer, ].M., Lehmann, K.B. and Lane, ].G. (1985)
Cardiovascular instability following acute cervical spine
trauma. Central Nervous System Trauma, 2, 153—159.

17 A patient sustains significant thoracoabdominal
injuries from a 20-foot fall. His hemodynamic profile
is as follows: decreased cardiac output, increased
systemic vascular resistance, decreased pulmonary
wedge pressure, decreased CVP and decreased
mixed venous oxygen. All of the following may be
appropriate to administer except:

A Steroids

B Blood products

C Colloids

D Isotonic solution

E Hypertonic solution

The importance of recognizing hypovolemic/hemor-
rhagic shock is paramount to timely and accurate treat-
ment. Itis fundamental to understand thatin hypovolemic
shock, the treatment is to stop the loss of volume and or
hemorrhage and to restore volume. Isotonic and hyper-
tonic solution may be used for the purpose of restoring
intravascular volume. In the case of hemorrhagic shock,
it is even more important to restore the oxygen-carrying
capabilities while restoring volume with blood products
capable of transporting oxygen from the lungs to the
organs and tissues. Steroids have no role in hypovolemic/
hemorrhagic shock.

Answer: A

Mattox, L.K., Moore, E.E., and Faliciano, V.D. (2013)
Trauma, 7th edn. McGraw-Hill. New York, NY

Parrillo, E.J. and Dellinger, R.P. (2014) Critical Care
Medicine: Principles of Diagnosis and Management in
the Adult, 4th edn, W.B. Saunders & Co., Philadelphia, PA
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Andy Michaels, MD

1 Which of the following is not a relative contraindica-

tion for ECMO in adults with ARDS?

A Mechanical ventilation for more than 7 days with “high”
ventilator settings (i.e., FiOy >0.9, Pplat >30cm H,0)

B Major immunosuppression (absolute neutrophil
count < 400/mm®)

C Recent trauma

D Non-recoverable comorbidity such as major CNS
damage or terminal malignancy

E Age greater than 65 years

The indications for ECMO are fairly clear. For respiratory
failure with severe hypoxia (PF ratio<100 on a FiO,>0.9) or
hypercarbia (pH<7.2 despite maximal safe ventilation),
veno-venous (VV) ECMO is indicated. Other respiratory
indications include massive air leak and bridge to pulmo-
nary transplant. For cardiac indications, typically, veno-arte-
rial (VA) ECMO is used. The indications include refractory
cardiogenic shock, massive pulmonary embolus, cardiac
arrest or failure to wean from bypass after cardiac surgery.
Contraindications for ECMO are less well defined
and, as the extent of international experience has illumi-
nated the discussion, some experts suggest that there
are no absolute contraindications to the use of ECMO.
Most practitioners however would recognize the list
above as “relative” contraindications except for patients
with non-recoverable comorbidity such as major CNS
damage or terminal malignancy. The term “relative con-
traindication” has historical interest only as many
patients with recent trauma, immunosuppression, lung
injurious pre-ECMO ventilation and advanced age have
been successfully treated with ECMO in recent years.

Answer D

Bartlett, R.H. (2016) Extracorporeal membrane
oxygenation (ECMO) in adults, Up To Date, September.

ELSO Adult Respiratory Failure Supplement to the ELSO
General Guidelines, December 2013.

2 A 30-year-old woman with group A beta-hemolytic
streptococcal sepsis is placed on veno-arterial ECMO
by a percutaneous femoro-femoral route. She was
cannulated with a 19 French arterial and a 25 French
venous cannula. She was on both dobutamine and
epinephrine drips at the initiation of ECMO and her
PaOy:FiO, ratio was 80 on a FiO, of 100% with APRV
of 35 mm Hg over 15mm Hg. She has a creatinine of 3.5
and is oliguric. After being placed on ECMO, her PaO,
rises to 200 in the right radial arterial line with an O,
saturation of 97%. An ECHO shows severe left ventric-
ular hypokinesis. After 6 hours on ECMO her pressors
have been weaned off and her mean arterial pressure
is 65mm Hg and pulsatile, however her O, saturation
measured by a pulse oximeter on the right hand falls to
67%. The ECMO circuit appears to be functioning
well, flow is unchanged at 5Lpm and her ECMO circuit
arterial saturation has remained 100%.

The appropriate maneuver is to:
A Place another venous cannula to improve flow rates
B Place a distal perfusion cannula in her femoral
artery and perform a 4-compartment fasciotomy
C Place a dialysis circuit into the ECMO circuit and
begin CVVH

D Perform a cutdown on her axillary artery with an
end to side graft, cannulate her right jugular vein
and reinstitute VA ECMO by a proximal route

E Place a right jugular venous infusion catheter, initi-
ate veno-venous ECMO and remove her femoral
arterial cannula.

This patient has developed what is known as the
“Harlequin Syndrome” where her native cardiac output
has improved and she has competing flow in the
descending aorta between her recovering native car-
diac output and her retrograde ECMO inflow. The
result is a well-oxygenated lower body, a relatively
hypoxic upper body and left ventricular strain.
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Generally, despite the need for pressor and evidence
of renal injury, veno-venous (VV) ECMO is a better
choice for a patient like the one described. It is unlikely
that her lungs have recovered and the scenario described
is typical for a patient who is placed on veno-arterial
(VA) ECMO through the groin when VV would have
been more appropriate.

She will still need ECMO for hypoxia for several days
and so VV ECMO should be initiated to support her
now. The best option is to place a right IJ infusion
cannula, remove the femoral cannula and repair the fem-
oral artery. The VA configuration, while initially tolera-
ble, is now inappropriate and is causing harm. The
pressor requirements and cardiac failure in acute sepsis
often recover rapidly with the delivery of oxygen and fre-
quently a similar progression of cardiac recovery is seen
when VV is used in a patient like the one described.
Occasionally poor flow can be improved by the place-
ment of a second venous cannula but that is not the
problem described and that is why A is not the answer.
Answer B is not correct as the problem is not due to lack
of flow in the leg. If a femoral arterial cannula is placed,
especially in a patient with small vessels, distal ischemia
may result. If this is discovered after the fact, a distal per-
fusion catheter +/- fasciotomies is indicated, but it is bet-
ter to place a perfusion catheter at the time of cannulation.
Option C is not the answer because the presence of renal
insufficiency and need for renal replacement therapy has
nothing to do with and will not correct the described
physiology. Option D is not the answer as the current
circuit is flowing well and has not changed.

Answer E

Madershahian, N., Nagib, R., Wippermann, J., et al. (2006)
A simple technique of distal limb perfusion during
prolonged femoro-femoral cannulation. Journal of
Cardiac Surgery, 21 (2), 168—169.

Rupprecht, L., Lunz, D., Philipp, A., et al. (2015) Pitfalls in
percutaneous ECMO cannulation. Heart Lung and
Vessels, 7 (4), 320—326.

3 A S5 foot 8 inch, 250 pound man (BMI 38) is placed on
VV ECMO for HINI pneumonia. His pre-ECMO PF
ratio is 70 and his O, saturation is 78% on PRVC with
PEEP of 15 and FiO, 0of 100%. He is cannulated with a
31 French dual lumen cannula in the right internal
jugular vein and after ECMO is initiated he is placed
on SIMV 40%, rate of 12, PEEP of 5mm Hg and TV of
500cc. His ECMO circuit has an arterial saturation of
100% and a venous saturation of 60% with flow of 5
Lpm. His SaO, in the radial arterial line is 80%. His
hemoglobin is 10g/dL, his creatinine is 1.3, he is not
on any pressors agents and his pH is 7.34.

The next appropriate maneuver is to:

A Transfuse him to a hemoglobin of > 12g/dL

B Convert his right internal jugular dual lumen veno-
venous (RI] DLVV) cannula to a drainage cannula,
place a femoral arterial cannula and convert him
to VA ECMO

C Increase the ECMO flow rate to 7 Lpm

D Increase the ECMO sweep to clear CO,

E Do nothing, he has adequate support

A thorough understanding of oxygen delivery and con-
sumption is essential to manage many adult ECMO
patients because their oxygen saturations may seem low
while their O, delivery, and more importantly, their
delivery:consumption ratio (DO»:VO,) is adequate. This
patient is in no distress, has adequate support and
requires no intervention. His SaO, is 80% and his SvO,
(as measured in the ECMO venous line) is 60%. Even
though his arterial saturation is only 80% on ECMO his
“mixed venous” saturation is 60% and this represents
DO,:VO, of 4:1 [80%/(80%—60%)] which is sufficient to
maintain aerobic metabolism with reserve. Answer A is
not correct because even though transfusions in ECMO
is controversial and the current ELSO guidelines suggest
that adults on ECMO for ARDS should be transfused
to a hemoglobin of 12-14-g/dL, many centers follow gen-
eral ICU guidelines for transfusion and the current hemo-
globin of 10g/dL is adequate. Answer C is not correct
because increased ECMO flow (and 7 Lpm as listed is a
very high rate of flow) is unnecessary as the patient does
not have any indication that the delivery of oxygen is
inadequate. B and D are not the answer as the patient
does not have high CO, and there is no indication to con-
vert to VA as the patient currently has adequate support.

Answer E

ELSO Guidelines for Cardiopulmonary Extracorporeal Life
Support Extracorporeal Life Support Organization,
Version 1.3 November 2013 Ann Arbor, MI, www.
elsonet.org (accessed November 2013).

Montisci, A., Maj, G., Zangrillo, A., et al. (2015)
Management of refractory hypoxemia during
venovenous extracorporeal membrane oxygenation for
ARDS. ASAIO (American Society for Artificial Internal
Organs) Journal, 61, 227-236.

4 Which of the following adult ECMO patients is most
likely to be discharged alive from the hospital after treat-
ment for refractory hypoxemic respiratory failure?

A 62-year-old man with bacterial pneumonia who
has been on the ventilator for 4 days and has had
neuromuscular blockade. The patient’s PaO,:FiO,
ratio is 80



B 25-year-old woman who has bacterial pneumonia
and bacterial endometritis following childbirth.
She has been on the ventilator for 36 hours and has
been treated with nitric oxide. The patient’s
PaQOy:FiO, ratio is 100

C 32-year-old male trauma patient who has been on
the ventilator for 5 days and has been treated with
neuromuscular blockade. The patient’s PaOy:FiO,
ratio is 56

D 18-year-old woman with viral pneumonia who has
been ventilated for 3 days and has had peak airway
pressures >42cm HyO and pCO,>75mm Hg. The
patient’s PaO,:FiO, ratio is 96

E 52-year-old man who aspirated and suffered a car-
diac arrest with return of spontaneous circulation.
He has been ventilated for three days and has a
PaQy:FiO, ratio of 88

Patient selection is an essential skill for physicians treat-
ing adult respiratory failure with ECMO. There are many
factors to consider and one tool that synthesizes many of
the variables is the RESP score. Developed in a cohort of
2355 patients and based in a multivariate logistic regres-
sion the scale utilizes a number of variables that are
available for assessment prior to the initiation of ECMO.
Based on the values of these variables, candidates for
ECMO support may be stratified based upon expected
survival. There are five categories and expected survival
ranges from 18% to 92% based on which category a
patient is placed within.

In general, the age of an adult patient is not a factor
until they are older than 50 years. Beyond that, there is
no upper age limit for the use of ECMO but expected
survival decreases with increasing age. The time a patient
has been treated with mechanical ventilation negatively
impacts survival, particularly if there is evidence of ven-
tilator induced lung injury (VILI). Evidence of VILI
includes, but is not limited to, elevated peak airway pres-
sures. The maneuvers performed prior to initiation also
affect outcome. Patients treated with neuromuscular
blockade were more likely to survive while those treated
with nitric oxide did less well.

Evidence of secondary problems is associated with poor
outcome. Additional non-pulmonary sources of infection,
CNS dysfunction, immunocompromised status or poor
perfusion (bicarbonate drip or cardiac arrest) all were
associated with a reduced expected survival. Finally, the
primary respiratory diagnosis had much effect on out-
come with asthma being the most favorable followed by
aspiration and the bacterial, viral or ARDS related to
trauma and burns. Non-respiratory and chronic respira-
tory indications have the poorest prognosis.

Table 3.1 and the website www.respscore.com may be
helpful to understand the variables that comprise the
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Table 3.1 The RESP score at ECMO initiation.

Parameter Score
Age, yr
18 - 49 0
50 - 59 -2
260 -3
Immunocompromised status* -2
Mechanical ventilation prior to initiation of ECMO
<48 h 3
48h-7d 1
>7d 0

Acute respiratory diagnosis group (select only one)
Viral pneumonia
Bacterial pneumonia
Asthma 11
Trauma and burn

Aspiration pneumonitis

Other acute respiratory diagnoses 1

Nonrespiratory and chronic respiratory diagnoses 0
Central nervous system dysfunction’ -7
Acute associated (nonpulmonary) infection® -3
Neuromuscular blockade agents before ECMO 1
Nitric oxide use before ECMO -1
Bicarbonate infusion before ECMO -2
Cardiac arrest before ECMO -2
PaCO,, mm Hg

<75 0

275 -1
Peak inspiratory pressure, cm Hy,O

<42 0

242 -1
Total score -22to 15

Hospital Survival by Risk Class
Total RESP Score Risk Class Survival

>6 I 92%
3to5 II 76%
-1to2 III 57%
-5to-2 v 33%
<-6 \% 18%

Definition of abbreviations: ECMO = extracorporeal membrane
oxygenation; RESP = Respiratory ECMO Survival Prediction.

An online calculator is available at www.respscore.com.

* “Immunocompromised” is defined as hematological malignancies,
solid tumor, solid organ transplantation, human
immunodeficiency virus, and cirrhosis.

t “Central nervous system dysfunction” diagnosis combined
neurotrauma, stroke, encephalopathy, cerebral embolism, and
seizure and epileptic syndrome.

# “Acute associated (nonpulmonary) infection” is defined as another
bacterial, viral, parasitic, or fungal infection that did not involve
the lung.
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RESP score and their relationship to survival to dis-
charge. Based on the data used to derive the RESP score,
the patient with the highest RESP score and the best
chance of survival to discharge is the trauma patient in
option C.

Answer C

Schmidt, M., Bailey, M., Sheldrake, J., et al. (2014)
Predicting survival after ECMO for severe acute
respiratory failure: the respiratory ECMO survival
prediction (RESP)-score. American Journal of
Respiratory and Critical Care Medicine, 189 (11),
1374-1382.

5 In adults who have suffered traumatic injury, the use
of ECMO to treat acute hypoxic respiratory failure is:
A Contra-indicated because of the required anti-
coagulation for ECMO

B Shown to have no benefit in addition to the use of
the APRV (airway pressure release ventilation)
mode of ventilation

C Only indicated after 72 hours has elapsed from the
most recent operation or injury

D Associated with a higher rate of survival to dis-
charge in patients with refractory hypoxemic ARDS
compared with those treated by conventional
means

E A new application of the technology emerging in
practice many years after the use of ECMO for other
causes of lung failure

ECMO has been used for the injured since the beginning
of its clinical use and thus answer E is not correct. In
1972, the first adult treated with ECMO for lung failure
was a trauma patient. With improvements in ECMO
technology and anti-coagulation practices, ECMO has
been used increasingly in the injured with excellent
results. ECMO may be used for cardiopulmonary sup-
port in refractory shock with a VA approach, but the
more frequent (and described above) scenario is ECMO
VV support for acute refractory hypoxemic ARDS. The
early application of ECMO for patients with PaO,:FiO,
ratio<80 on a FiO,>0.9 compared with a matched
cohort treated with current standard ventilation proto-
cols using APRV and/or HFV showed that 65% of the
patients treated with ECMO survived to hospital dis-
charge vs 24% of the patients treated by conventional
means. ECMO can be used for acute ARDS or cardiovas-
cular support even during the initial resuscitative opera-
tions and modern circuits are able to function for many
days with no heparin at all and thus answer A is not
correct. The early institution of ECMO for patients with
refractory ARDS prevents further consequences of

hypoxia and, if properly utilized with “lung rest” ventila-
tor settings on ECMO, prevents ventilator induced lung
injury. This lung injury is found with all forms of
mechanical ventilation.

Answer D

Guirand, D.M., Okoye, O.T., Schmid, B.St., et al. (2014)
Venovenous extracorporeal life support improves survival
adult trauma patients with acute hypoxemic respiratory
failure: a multicenter retrospective cohort study. The
Journal of Trauma and Acute Care Surgery, 76, 1275-1281.

Hill, J.D., O’Brien, T.G., Murray, J.]., et al. (1972) Prolonged
extra-corporeal oxygenation for acute post-traumatic
respiratory failure (shock-lung syndrome). Use of the
Bramson membrane lung. New England Journal of
Medicine, 286, 629—-634.

6 Which of the following is NOT a component of coagu-
lopathy associated with ECMO?
A Thrombocytopenia
B Pharmacologic anticoagulation
C Acquired von Willebrand syndrome
D Platelet dysfunction
E Antithrombin 11l deficiency

All of the defects in the clotting cascade listed above are
found in patients placed on ECMO, but antithrombin III
(ATIII) deficiency is not characterized by coagulopathy.
This situation is noted when the amount of heparin nec-
essary to anticoagulate a patient to a desired level
increases without explanation. This is because ATIII is
essential to heparin’s mode of activity which enhances
the thrombin:antithrombin complex formation. In the
situation of increasing heparin dose required to maintain
a stable level of anticoagulation it is appropriate to check
the antithrombin III level and replace it if it is below 80%
with either a concentrate or fresh frozen plasma.

The other defects in the clotting cascade listed above
are common factors in any ECMO case, particularly if
there is bleeding involved. ECMO is associated with
thrombocytopenia, platelet dysfunction, pharmacologic
anticoagulation (utilizing heparin or other anticoagu-
lants), and acquired von Willebrand syndrome.

Answer E

Murphy, D.A., Hockings, L.E., Andrews, R.K,, et al. (2015)
Extracorporeal membrane oxygenation—hemostatic
complications. Transfusion Medicine Reviews, 29, 90—101.

7 A 56-year-old female is on VV ECMO for acute
hypoxemic ARDS due to HINI pneumonia. It is
ECMO day three. Her PaCO, is 52 and her pH is 7.34
and her serum lactate is 1.3 mmol/dL.



To correct her acid:base abnormality, she should be
treated by:
A Increasing her minute ventilation on the ventilator
B Adding a second venous line to the ECMO circuit
C Increasing the rate of sweep gas in the ECMO
circuit
D Increasing the flow of the ECMO circuit
E Starting a bicarbonate drip

This appears to be an acute, uncompensated respiratory
acidosis. The scenario does not discuss her degree of oxy-
genation nor does it describe any evidence of metabolic
acidosis. The only thing necessary to correct the pCO,
and the pH is to increase the rate of sweep gas in the
ECMO circuit thus answer C is correct. It would be an
error try to utilize the ventilator and try to increase the
minute ventilation of the injured lungs during the acute
hypoxic phase for either oxygenation or ventilation and
thus answer A is not correct. There are many strategies for
“lung rest” on ECMO but only high airway pressures after
ECMO has been initiated are associated with poor out-
comes. Adding a second venous drainage cannula is only
useful in some cases if the flow is limited by venous return
to the circuit and thus answer B is not correct. Increasing
the rate of flow of the ECMO circuit will increase oxygen
delivery but not ventilation and thus answer D is also
incorrect. Likewise, adding additional drainage may
improve flow and oxygen delivery but will not affect the
pCO,. Although occasionally a bicarbonate drip is used in
a patient is weaning from ECMO who is not able to fully
normalize pCO, even though their ability to oxygenate
has recovered it is not indicated when the circuit is still
available and necessary for the support of oxygenation.

Answer C

Neto, A.S., Schnidt, M., Azevedo, L.C., et al. (2016)
Associations between ventilator settings during
extracorporeal membrane oxygenation for refractory
hypoxemia and outcome in patients with acute
respiratory distress syndrome: a pooled individual
patient data analysis. Intensive Care Medicine, 42,
1672-1684.

8 An adult with ARDS from bacterial pneumonia has
been on ECMO for 4 days because of severe hypoxia.
ECMO flow is at 5 Lpm and the arterial saturation is
88%. The ventilator is set to PCV 20/10, FiO, of 30%
with RR of 10.

The best indicator that it is time to trial off ECMO is:
A The pCO, decreases when the ventilator is set to
PCV 35/12, FiO, 0.80
B When the ventilator is set to FiO, of 100% the
patient arterial saturation increases to 100%
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C The ECMO sweep gas has been reduced by half to
maintain the same pCO,

D The patient is weaned from inotropic medications
and able to be diuresed

E The patient is interactive with minimal sedation
and their chest x-ray is beginning to clear

There are a number of ways to evaluate a patient on
ECMO, but the most important consideration is the
original indication for ECMO and the resolution of that
problem. The patient presented above is in a simple situ-
ation of hypoxia from pneumonia. When the native lung
achieves significant function, recruitment and weaning
should be initiated. The maneuver described in choice B
is called the Cilley test and is simply setting the FiO, to
100% on the ventilator with no other changes. A positive
test is a rapid increase of SaO, to 100%. When this condi-
tion is met, the native lung is contributing significant
oxygenation and efforts to recruit the pulmonary reserve
should begin. In contrast to the relative harmlessness of
changing the FiO, on the ventilator for a patient on
ECMO, adjusting the pressures to try to “open” the lung
and test ventilation is ill advised and could be harmful.
Thus answer A is not correct. The decrease in sweep gas
on the ECMO circuit is a good indicator of improving
native ventilation but is not an indicator of improved
oxygenation and thus answer C is not correct. Patient’s
cardiovascular and neurologic states should be managed
to achieve normal physiology as soon as possible and
throughout their care but does not indicate whether the
lungs have improved enough to be wean off ECMO.
Thus answer D and E are not correct.

Answer B

ELSO Adult Respiratory Failure Supplement to the ELSO
General Guidelines, December 2013.

Van Meurs, K., Zwischenberger and the Extracorporeal
Life Support Organization (2005) ECMO Extracorporeal
Cardiopulmonary Support in Critical Care, 3rd edn,
Extracorporeal Life Support Organization, Ann Arbor,
Michigan

9 In a patient who is on ECMO for severe ARDS and
begins to bleed several hundred cc/shift from a previ-
ously placed chest tube that had not been draining
blood before the best option listed is to:

A Transfuse platelets to above 150 000 /uL

B Adjust the heparin infusion for an anti-Xa level of
0.70

C Adjust the heparin infusion for an ACT 180-220

D Begin aminocaproic acid for fibrinolysis

E Place another chest tube to prevent retained
hemothorax
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The central principle in the management of bleeding on
ECMO is to prevent it. All maneuvers must be conducted
with great care, modified techniques and thoughtful tim-
ing to prevent and reduce the negative impact of one of
the most frequent and damaging complications on
ECMO. There are several factors involved in the com-
plex scenario of bleeding on ECMO. Systemic anticoagu-
lation predisposes the patient to hemorrhage, both
intervention stimulated and spontaneous. There have
been no noted differences in bleeding incidence between
anticoagulation agents and most programs utilize
adjusted dose heparin with a target activated clotting
time (ACT) of >1.5 times the measured normal value for
that device. This generally is an ACT of 140-160. Both
the anti-Xa level of 0.70 and the ACT of 180-220 listed
above reflect more significant anticoagulation.

The general principles for bleeding depend on two
major variables — where is the patient bleeding and what
is the status of the patient’s coagulation system. The
most common site for bleeding is the cannulation site
and meticulous technique, careful securing of the lines
to include a purse-string stitch and aggressive manage-
ment of oozing generally will suffice. Additionally, sig-
nificant bleeding may occur, either spontaneously of
after instrumentation from mucous membranes, the GI
or GU tract or spontaneously into the injured lung, air-
way or pleural space. Spontaneous bleeding into the
head is a generally lethal complication and not rare.

Manipulation of the clotting system is generally neces-
sary for bleeding that requires transfusion, especially
from operative sites. The first step is to reduce (or elimi-
nate) the systemic anticoagulation. Second is to assure
that the platelet count is>100 000, the INR is< 1.5 and
that there is no hypofibrinogenemia or significant
fibrinolysis taking place. Blood and products should be
used appropriately to restore normal levels of factors,
platelets, and fibrinogen. Various means for determining
clotting status exist and there is growing enthusiasm for
bedside thromboelastography (TEG or ROTEM). If
fibrinolysis is demonstrated or suspected, antifibrinolyt-
ics should be used. It has long been common practice to
use e-aminocaproic acid in conjunction with operative
interventions.

Finally, surgical interventions to correct hemorrhage
must be carefully chosen, timed, and conducted. Often,
collaboration with interventional radiology may provide
a less damaging approach to vascular, soft tissue, and
even chest wall bleeding. All procedures should be con-
ducted with absolute attention to hemostasis and the lib-
eral use of electrocautery, topical hemostatic agents and,
if necessary, packing and repeated operations. Placing
chest tubes can be cause significant complications in this
scenario of spontaneous bleeding from coagulopathy.
Chest tubes may also bleed several days after placement

and this is generally from the chest wall at the insertion
site. A basic principle is to limit instrumentation and to
place chest tubes only if the drainage will prevent a major
complication or hasten recovery.

One useful caveat is that for patients on VV ECMO, all
bleeding from the chest will be bright red even though it
may be venous.

Answer D

Mazzeffi, M., Greenwood, J., Tanaka, K., et al. (2016)
Bleeding, transfusion, and mortality on extracorporeal
life support: ECLS working group on thrombosis and
hemostasis. The Annals of Thoracic Surgery, 101 (2),
682-689.

Murphy, D.A., Hockings, L.E., Andrews, R.K,, et al. (2015):
Extracorporeal membrane oxygenation-hemostatic
complications. Transfusion Medicine Reviews, 29 (2),
90-101.

Paden, M.L., Conrad, S.A., Rycus, P.T., et al. (2013)
Extracorporeal Life Support Organization Registry
report 2012. ASAIO Journal, 59, pp. 202—210.

10  The following are all complications of a right inter-
nal jugular dual lumen veno-venous ECMO can-
nula placement except:

A Cardiac Tamponade

B Hepatic vein cannulation
C Pneumothorax

D Recirculation

E Harlequin Syndrome

The use of the Avalon Elite BiCaval Dual Lumen catheter
(Avalon Laboratories, LLC, CA) has become increas-
ingly popular in the treatment of adults with ARDS for
several reasons. First, it involves a single site of cannula-
tion and reduces all the risks of vascular access (infec-
tion, injury, thrombosis, catheter dislodgement, nursing
care, etc.) by half. Second, with the groin free, patients
may be managed with less sedation and they can partici-
pate in their care more actively. There is also less recircu-
lation and flows of 6 Lpm may be achieved with the 31
French model.

There are many known complications of this proce-
dure and they fall into three general categories, each with
an imaging adjuvant that reduces these risks. First, there
are all the issues of vascular access in the right neck.
Recommendations include using real-time ultrasound
guidance and a more posterior-superior approach to
allow the catheter a more gradual path into the vein.
Local bleeding at the cannulation site is the most com-
mon problem and a well-placed purse-string stitch and
several fixation stitches reduce this. Second, there are
problems with the placement of the wire by Seldinger



technique and subsequent vascular injuries by serial
dilation or ultimate malposition. The best way to avoid
these problems is to use real-time fluoroscopy to visual-
ize the wire position and observe the passages of the dila-
tors. Common malposition errors include coiling within
the right atrium leading to malposition or perforation of
the heart with tamponade or placement of the distal
drainage ports in the hepatic veins. Some practitioners
utilize a more stiff wire (Amplatz) for the final steps to
better support the cannula during placement.

Finally, there can be significant flow and/or recircula-
tion issues if the infusion port is not within the right
atrium and oriented towards the tricuspid valve. Trans-
esophageal echocardiography (TEE) is instrumental to
assuring that the inflow jet is properly positioned.

The Harlequin Syndrome is a complication of femoral
arterial cannulation for VA ECMO and does not occur
with either dual lumen or dual cannula VV ECMO.

Answer E

Javidfar, J., Wang, D., Zwischenberger, ].B., et al. (2011)
Insertion of Bicaval Dual Lumen extracorporeal
membrane oxygenation catheter with image guidance.
ASAIO Journal, 57, 203-205.

Reeb, J., Olland, A., Renaud, S., et al. (2016) Vascular
access for extracorporeal life support: tips and tricks.
Journal of Thoracic Disease, 8 (Suppl 4), S353—-5363.

The next five questions are variations of the following
scenario (references are combined).

You have been consulted to consider a 32-year-old
woman with viral pneumonia for ECMO. She has been
on a ventilator for 36 hours with ARDSnet protective
settings and a PEEP of 16¢cm H,O. The FiO, on the
ventilator is 80% and her arterial blood gas measure-
ments (from a right radial arterial line) are 7.25 /62 / 75
/ 26 (90%). Her only interventions have been bronchos-
copy, inhaled nitric oxide and neuromuscular blockade.
A transthoracic cardiac ECHO shows moderate right
ventricular dilation and mild tricuspid regurgitation.
A PA catheter shows PA pressures of 42/12 mm Hg with
a PA wedge of 20mm Hg and SvO, of 50. She is not on
pressors and is making urine.

11 The best choice for her at this point would be to:

A Not escalate care

B Be placed on a bicarbonate drip to correct her res-
piratory acidosis from permissive hypercapnia

C Be placed on VA ECMO because she is showing
evidence of acute cor pulmonale

D Be placed on VV ECMO for profound hypoxemic
ARDS

E Be placed in a prone position

ECMO

The patient described has severe ARDS by the Berlin
criteria (PaO,:FiO, ratio < 100) and is facing a predicted
mortality of 45%. She is being ventilated with accepted
standards and is suffering from acute hypoxemic ARDS.
A pH of 7.25 due to mild hypercapnia does not need to
be addressed by either increasing her minute ventilation
or by adding a solution of bicarbonate. In fact, mild to
moderate hypercapnia is the direct result of limiting the
amount of ventilation and hence ventilator induced lung
injury. Given her degree of hypoxia ECMO is a consid-
eration at this point, but she has not had a trial of prone
positioning. Many patients respond to positional therapy
with intermittent prone positioning with much improved
respiratory dynamics and performance and require no
further interventions. It is always challenging to apply
positional therapy to a patient this compromised so this
should only be done in an ICU with experience in this
type of care.

The classic criteria for ECMO for respiratory failure
are similar in most programs and involve either severe
hypercapnia or hypoxemia DESPITE and AFTER opti-
mal care. This level of care currently includes protective
ventilation and advanced ventilatory modes, neuromus-
cular blockade, inhaled nitric oxide or prostacyclin and
positional therapy. The degree of impairment varies
from program to program but ECMO is typically con-
sidered if PF ratio is<80 on a FiO, of>0.80 or if pH
is <7.2 on maximal safe ventilator settings.

If proning is not an option, she has a PF ratio of 94 and
is on 80% FiO, and is clearly nearing the threshold for
ECMO. VA ECMO would be inappropriate. Her right
heart strain is very mild and typical for a patient with
ARDS. This will resolve with the provision of oxygenated
blood to the currently hypoxic and vaso-constricting
pulmonary vasculature. If she is to be placed on ECMO,
VYV, preferably with a dual lumen catheter would be the
choice.

Answer E

She responds well to prone positioning and is started on the
ICU proning protocol with several positional changes each
day. Initially her PF ratio improves to 160, her pCO,
declines to 45 and she is able to be weaned to an FiO, of 0.6.

12 The best choice for her at this point would be to:

A Not escalate care

B Be placed on a bicarbonate drip to correct her res-
piratory acidosis from permissive hypercapnia

C Be placed on VA ECMO because she is showing
evidence of acute cor pulmonale

D Be placed on VV ECMO for profound hypoxemic
ARDS

E Be placed in a prone position
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She has improved as the prone position helped with the
hypoxia through recruitment and with the hypercarbia
which is now down to 45 mm Hg. She thus does not need
a bicarbonate drip, nor ECMO at this time.

Answer A

Two days later you are called to the bedside by the nurse
who reports a new fever, progressive oliguria and decreas-
ing Oy saturation and blood pressure. The patient is now
on 10 mcg of dopamine and milrinone has just been
started. Her current ventilator settings are APRV 32/15,
100% and her PF ratio is 75. Her PA saturation is 47% and
the PA pressures are 48/12 mm Hg. Her systemic pressures
are 110/70 mm Hg and her heart rate is 96 beats/min.

13 The best choice for her at this point would be to:

A Undergo bronchoscopy and washing sent for
bacteriology and started on empiric antibiotics
for hospital-acquired pneumonia

B Initiate acute renal replacement therapy due to
volume overload

C Beplaced on VA ECMO because now she is show-
ing evidence of shock in addition to acute cor
pulmonale

D Be placed on VV ECMO for profound hypoxemic
ARDS

E Be sent to the CT scanner to identify the source of
her new infection

She has had some sort of second insult and hospital
acquired pneumonia is the likely cause, but this is inciden-
tal to the observation that she has changed from a patient
with adequate support to one who is decompensating.
She will surely require antibiotics and may need renal
replacement therapy but the most threatening aspect of
her situation is profound hypoxemia and the exhaustion
of all available measures short of VV ECMO. Depending
on the set up of the facility, it may be possible to place a
DLVV cannula (if fluoroscopy is available in the ICU to
supplement U/S and TEE), but more likely, due to the risk
of intra-hospital transfer to the angiography suite, she will
need to have a two-cannula system placed in the ICU.

Again, the modest hemodynamic instability, renal
injury, and elevated PA pressures and RV strain are typi-
cal of ARDS with sepsis and will resolve on VV ECMO. It
is important to manage patients with ARDS in a euv-
olemic state. Often crystalloids are limited to prevent the
accumulation of extravascular lung water but this is
erroneous thinking because the edema of ARDS is not
hydrostatic and is non-cardiogenic. On the other hand,
exuberant use of high levels of PEEP may decrease
venous return and lead to increasing IV replacement to
increase the CVP and restore cardiac output.

VA ECMO is indicated for pulmonary hypertension
but typically in patients with end stage lung disease and
PA pressures>50% of systemic. Even if she should
become more compromised including the need for renal
replacement therapy and vasopressor support, the cor-
rect choice is VV ECMO.

Answer D

After an uncomplicated placement of a 27 French venous
cannula in the right femoral vein and a 21 French arterial
cannula in the right internal jugular vein ECMO flow is ini-
tiated. She has oximeters on her left index finger, the tip of
her PA catheter and the venous line of her ECMO circuit.
For the next questions, assume that the oxygen provided to
the ECMO circuit is adequate and stable, pump flow is
5 Lpm and circuit pressures are acceptable and unchanged.

14  Her PA saturation is now 65% and her SaO, is 82%
and her ECCV (ECMO venous saturation) is 77%.
The next maneuver should be to:

A Transfuse her because she needs more oxygen car-
rying capacity

B Add CVVH to her ECMO circuit to accelerate the
mobilization of extravascular lung water

C Switch to VA ECMO because she is not receiving
adequate support

D Increase her ECMO flow rate

E Withdraw the groin cannula several centimeters

The physiology demonstrated is recirculation. More oxy-
genated blood from the IJ cannula is going through the
venous line (sat 75%) than through her pulmonary artery
(sat 65%). There are a number of causes for recirculation
but the most frequent is that the drainage cannula is too
close to the infusion cannula and “steals” flow away from
the tricuspid valve. The ideal place for a venous cannula
is just below the right atrium in the retro-hepatic portion
of the inferior vena cava.

When oxygen delivery is insufficient, both increasing
the hemoglobin and increasing the ECMO flow will
increase delivery, but first it is essential to assure the cir-
cuit is configured and functioning properly. The fact that
there is more oxygen in the venous drainage cannula
than the pulmonary artery indicates that the circuit is
not ideal and that there is recirculation. Likewise, achiev-
ing euvolemia and eliminating the effects of fluid over-
load is a necessary step during recovery but will not
address the problem described.

Recirculation is always present to some degree with
VV ECMO but is decreased with greater distance
between cannulas, lower flow rates and reduced pulmo-
nary artery pressures.

Answer E



After adjustment of the cannula she demonstrates systemic
SaOy of 94%, PA saturations of 94% and ECCV (ECMO
circuit venous) saturations of 65%. Her ventilator is
placed to “rest settings” (IMV 6, TV 400 cc, FiO, 30% and
PEEP 5) and she continues to have SaQO, in the low/mid
90%s and gradually weans off of her pressors.

You receive a call several hours later that she now has
S8a0, of 84%, SvO, of 82% and an ECCV of 55%.

15 This acute change most likely represents:

A Oxygenator failure

B Increased oxygen consumption

C Respiratory decompensation from too rapid of
ventilator weaning

D Native cardiac output has increased and her
ECMO support is relatively less

E A blood clot in the venous line

The most likely acute change is the development of a
hyper-dynamic state in the patient. As native cardiac out-
put increases, the relative contribution of the 5 Lpm from
the ECMO circuit is decreased and oxygen saturation
would fall in all distributions. In this case there is little to
do unless there is evidence of evolving cellular ischemia
such as an increasing lactate, base deficit or other inflam-
matory markers. If the determination is that she requires
a greater delivery to consumption ratio to meet her
demands there are several options to do so. The circuit
flow rate could be increased to match her increased CO,
she could be transfused to increase the oxygen carrying
capacity of her blood or she could benefit from prone
positioning which might improve the native lung function
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and often decreases the intrapulmonary shunt. Finally,
her consumption could be decreased with sedation, neu-
romuscular blockade and mild hypothermia. This sce-
nario is typical of a patient still in the acute inflammatory
phase of care or one developing a new infectious source.
Modern oxygenators rarely fail early or quickly so this
would be low on the differential. If increased consump-
tion was involved the ECMO circuit arterial saturation
(ECCA) and arterial saturation would be maintained
while the ECCV (ECMO drainage) saturation would fall.
A thrombosis of the venous line would manifest with flow
and pressure changes, not oxygenation issues. There is
almost no situation in which the ventilator should be
increased above rest settings during ECMO for ARDS.

Answer D

ELSO Adult Respiratory Failure Supplement to the ELSO
General Guidelines, December 2013.

Guerin,, C., Reignier, J., Richard, J., et al. (2013) Prone
positioning in severe acute respiratory distress
syndrome. New England Journal of Medicine, 368,
2159-2168.

Lazzeri, C., Cianchi, G., Bonizzoli, M., et al. (2016) Right
ventricle dilation as a prognostic factor in refractory
acute respiratory distress syndrome requiring veno-
venous extracorporeal membrane oxygenation. Minerva
Anestesiol. 82 (10), 1043-1049.

Montisci, A., Maj, G., Zangrillo, A., et al. (2015)
Management of refractory hypoxemia during
venovenous extracorporeal membrane oxygenation for
ARDS. ASAIO Journal, 61, 227-236.
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Arrhythmias, Acute Coronary Syndromes, and Hypertensive Emergencies

Rondi Gelbard, MD and Omar K. Danner, MD

1 A 66-year-old man with diabetes, hypertension, and
atrial fibrillation on warfarin is scheduled to undergo
a symptomatic ventral hernia repair. He has a remote
history of a TIA, and had an MI two years ago. His
blood pressure is currently well controlled on a beta-
blocker. Which of the following is the next best step in
management prior to proceeding with surgery?

A Continue warfarin

B Discontinue warfarin and start clopidogrel

C Bridge with IV unfractionated heparin prior to
surgery

D Discontinue warfarin 5 days prior to scheduled
surgery

E Switch to dabigatran

The management of anticoagulation for atrial fibrillation
in the perioperative period depends on a patient’s risk of
having a thromboembolic event, which is determined by
their CHADS, or more recent CHA,DS,-VASc (which
includes additional stroke risk factors — see Table 4.1)
score. This patient’s CHADS, score is 3 (and CHA,DS,-
VASc score is 5) putting him at approximately 6% annual
stroke risk. Anyone with a score of 2 or greater should
undergo long-term anticoagulation. In terms of peripro-
cedural interruption of anticoagulation, patients with
low short-term risk (CHADS, 0-2) and duration of
interruption less than 1 week do not require bridging
with heparin. For those at moderate risk (CHADS, 3—4),
bridging may be reasonable and for those with high-risk
features (CHADS, 5-6), bridging is recommended.
Clopidogrel alone does not confer an advantage over
warfarin for preventing stroke. Dabigatran, an alterna-
tive to warfarin, is a direct thrombin inhibitor with no
available reversal agent; therefore, it should not be initi-
ated prior to surgery.

Answer: C

Yarmohammadi, H., Varr, B.C., Puwanant, S., et al. (2012)
Role of CHADS2 score in evaluation of thromboembolic
risk and mortality in patients with atrial fibrillation
undergoing direct current cardioversion (from the
ACUTE Trial Substudy), American Journal of
Cardiology, 110 (2), 222-226.

2 A 52-year-old woman with a history of hypertension
and STEMI 6 months ago requiring percutaneous
coronary intervention (PCI) with a bare metal stent
presents with a symptomatic inguinal hernia. Her
symptoms have been increasing in frequency and
duration and she wants to undergo a hernia repair.
Her current medications include aspirin, clopidogrel,
and metoprolol. On exam, her blood pressure is
128/67mm Hg and her pulse is 68 p/min. Her cardio-
vascular exam is normal. Which of the following is the
next best step in management?

A Discontinue aspirin and clopidogrel and proceed
with surgery

B Discontinue aspirin and clopidogrel and start
dipyridamole

C Continue aspirin and clopidogrel and proceed to
surgery

D Delay surgery for an additional six months

E Discontinue clopidogrel, continue aspirin and pro-
ceed with surgery

According to recent guidelines, in patients with acute
coronary syndrome treated with bare metal or drug elut-
ing stent implantation, dual antiplatelet therapy (DAPT)
with aspirin and clopidogrel, prasugrel, or ticagrelor
should be continued for at least 12 months. Elective non-
cardiac surgeries should be delayed in order to complete
a full year of DAPT. Discontinuing DAPT increases the
risk of stent thrombosis and subsequent myocardial
infarction. Dipyridamole is not approved for DAPT.
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Table 4.1 CHA,DS,-VASc calculation.

Condition Points

C  Congestive heart failure (or Left ventricular 1
systolic dysfunction)

H  Hypertension: blood pressure consistently above 1
140/90 mm Hg (or treated hypertension on
medication)

A, Age>75years 2

D  Diabetes Mellitus 1

S,  Prior Stroke or TIA or thromboembolism 2

V  Vascular disease (e.g., peripheral artery disease, 1
myocardial infarction, aortic plaque)

A Age65-74 years 1

Sc  Sex category (i.e., female sex) 1

Proceeding with elective surgery while on DAPT would
lead to an increased risk of bleeding. If the surgery is
more urgent, aspirin should be continued and clopidogrel
discontinued and restarted as soon as possible after sur-
gery. In this case, the inguinal hernia repair is an elective

surgery and clopidogrel should not be discontinued.

Answer: D

Collet, J.P, Silvain, J., Barthélémy, O., et al. (2014) Dual-

antiplatelet treatment beyond 1 year after drug-eluting
stent implantation (ARCTIC-Interruption): a
randomised trial. Lancet, 384,1577-1585.

Levine, G.N.,, Bates, E.R., Bittl, J.A., et al (2016) ACC/AHA

guideline focused update on duration of dual antiplatelet
therapy in patients with coronary artery disease. Journal
of the American College of Cardiology, 68 (10),
1082-1115.

3 A 21-year-old football player is evaluated for sympto-

matic tachycardia. He first noticed the symptoms at

age 9 while running and has noticed the episodes are

becoming more frequent and lasting longer. He

describes atypical chest pain, slight dyspnea, and pal-

pitations but has never lost consciousness. His stress

echocardiogram was normal and his baseline EKG is

shown in Figure 4.1. Based upon your patient’s symp-

toms and the EKG findings, which of the following is

the most likely diagnosis?

A First-degree AV block

B Atrial fibrillation with slow ventricular response

C SVT with functional bundle branch block or aber-
rant conduction

D Wolff-Parkinson—White syndrome

E Mobitz Type Il AV block
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Wolff-Parkinson—White syndrome is a pre-excitation
syndrome associated with an atrioventricular reentrant
tachycardia. The tachycardia is due to an accessory path-
way within the conduction system of the heart known as
the Bundle of Kent. Certain medications, physical activ-
ity, and stress can send the electrical impulse into the
accessory Bundle of Kent causing the prior unidirec-
tional block to quickly recover its excitability thus send-
ing the impulse back to reenter the circuit. Most patients
remain asymptomatic throughout their lives; however, a
small percentage of patients become symptomatic and
progress to ventricular fibrillation, which then causes
sudden death. People who are symptomatic during epi-
sodes of tachycardia experience palpitations, dizziness,
shortness of breath, and fainting or near-fainting spells.
Classic EKG findings include a short P-R interval
(<0.125), a wide QRS complex (>0.125s), slurring of the
initial upstroke of the QRS complex (delta wave), and
abnormal T waves indicating problems with repolariza-
tion. A classic delta wave can be seen in the precordial
leads. Acute treatment in a hypotensive patient involves
cardioversion and amiodarone or procainamide in a
more stable patient. Treatment is based on risk stratifica-
tion of the individual but the definitive treatment for
WPW syndrome usually involves radiofrequency abla-
tion of the accessory pathway. First-degree AV block is
incorrect because it is characterized by a PR inter-
val>0.2s due to a delay in impulse conduction in the AV
node and is typically asymptomatic. Atrial fibrillation
with slow ventricular response is associated with an
absence of clear P waves on EKG. SVT with functional
bundle branch block or aberrant conduction may appear
as a wide QRS complex on EKG but is not associated
with a delta wave. Mobitz Type II AV block would appear
as a dropped QRS complex with no change in the pre-
ceding PR intervals.

Answer: D

Marini, ].J. and Wheeler, A.P. (2006) Critical Care
Medicine, The Essentials, Lippincott Williams & Wilkins,
Philadelphia, PA.

Skanes, A.C., Obeyesekere, M., and Klein, G.J. (2015)
Electrophysiology testing and catheter ablation are
helpful when evaluating asymptomatic patients with
Wolff-Parkinson-White pattern: the con perspective.
Cardiac Electrophysiology Clinics, 7 (3), 377-383.

4 A 40-year-old Asian man with controlled hyperten-
sion suddenly collapses while eating. His son promptly
initiates CPR. Upon arrival of the paramedics, he is in
ventricular fibrillation and is successfully converted
to normal sinus rhythm with external defibrillation.
In the emergency room, the EKG shown in Figure 4.2

Arrhythmias, Acute Coronary Syndromes, and Hypertensive Emergencies
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Figure 4.2 (A) Normal electrocardiogram pattern in the precordial
leads V1-3. (B) changes in Brugada syndrome (type B).

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

B Isoproterenol

C Propanolol

D Implantable cardiac defibrillator

E Surgical revascularization

The clinical scenario and classic EKG findings suggest
Brugada syndrome. Placement of an implantable cardiac
defibrillator is the only definitive treatment for this car-
diac pathology. Brugada syndrome has an autosomal
dominant pattern of transmission and is characterized
by cardiac conduction delays, which can lead to ventric-
ular fibrillation and sudden cardiac death. It is more
common in men and Asians. EKG findings typically
include a right bundle branch block with ST segment
elevations in the precordial leads. The pathophysiology
is thought be an alteration in the transmembrane ion
currents that together constitute the cardiac action
potential. In this case, observation 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 ventricular fibrillation. Isoproterenol is an
option to help treat ventricular tachycardia storms by
augmenting the cardiac L-type channels; however, it is
not a definitive treatment. Propanolol is incorrect. Beta-
blockers are drugs of choice for patients with long QT
syndrome, which is the most common type of inherited
arrhythmia. Surgical revascularization is not an option
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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. and Wilde, A. (1999) “Brugada” syndrome:
clinical data and suggested pathophysiological
mechanism. Circulation, 99 (5), 666—673.

5 A 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 elevations in the precordial leads. Troponin
is elevated at 0.56 ug/L. Cardiac catheterization dem-
onstrates that her vessels are completely normal.
Bedside echocardiogram is done, which reveals an
ejection fraction of approximately 25% and signifi-
cant hypokinesis of the mid and apical segments of the
left ventricle. Which of the following is the most likely
diagnosis?

A Broken heart syndrome

B Myocardial infarction

C Acute pericarditis

D Pulmonary embolism

E Hypertrophic cardiomyopathy

Takotsubo’s syndrome or broken heart syndrome is a
transient cardiomyopathy that causes significant cardiac
depression and closely resembles acute coronary syn-
dromes. Patients typically present with respiratory fail-
ure after a significant upper airway problem with EKG
changes including ST segment elevation and T wave
inversion, and mildly elevated cardiac enzymes. However,
there is characteristic ballooning of the left ventricle on
echocardiogram and no significant stenotic lesions of
the coronary vessels on catheterization. Takotsubo’s is
thought to be due to stress-induced catecholamine
release, with toxicity to and subsequent stunning of
the myocardium. Acute coronary syndrome should be
the diagnosis until proven otherwise. However, unlike
Takotsubo’s, myocardial infarction is typically associated
with significantly elevated cardiac enzymes and evidence
of coronary artery occlusion on cardiac catheterization.
Acute pericarditis is incorrect as it is associated with
diffuse ST segment elevation on EKG. Pulmonary embo-
lism is characterized by a prominent S wave inlead I, a Q
wave and inverted T wave in lead III, sinus tachycardia,
and signs of right heart strain on echocardiogram.
Hypertrophic cardiomyopathy would appear as increased
QRS voltage and upright T waves (in the leads with Q
waves), and disproportionate hypertrophy (particularly
of the septum), hyperdynamic or preserved ejection

fraction, atrial enlargement and diastolic dysfunction on
echocardiogram. The prognosis for Takotsubo’s is excel-
lent. Most patients experience a complete recovery in
about four to eight weeks and recurrence is less than 3%.

Answer: A

Dorfman, T.A. and Iskandrian, A.E. (2009) Takotsubo
cardiomyopathy: state-of-the-art review. Journal of
Nuclear Cardiology, 16 (1), 122-134.

Kawai, S., Kitabatake, A., and Tomoike, H. (2007)
Guidelines for diagnosis of Takotsubo (ampulla)
cardiomyopathy. Circulation Journal, 71 (6), 990-992.

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 in Figure 4.3.

Which of the following diagnoses is seen on the EKG?
A Complete heart block
B Second degree heart block (Mobitz type II)
C Second degree heart block (Mobitz type I -
Wenckebach)
D Myocardial infarction
E First degree heart block

This patient has type I second-degree heart block (Mobitz
type I, Wenckebach), usually caused by disease within the
AV node. Patients often present with a history of falling
or syncope. EKG findings for type I second degree heart
block include progressive prolongation of the P-R inter-
val on consecutive beats, followed by a dropped QRS
complex (due to conduction failure). There is a relatively
fixed interval between non-conducted beats. Type II sec-
ond-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 a dropped
QRS complex with no change in the preceding PR inter-
vals. 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
0.2s, 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 com-
plexes. The most definitive treatment for AV nodal blocks
is an implantable pacemaker. Myocardial infarction is not
typically associated with prolongation of the PR interval
or dropped QRS complex on EKG.

Answer: C

Barold, S.S. and Hayes, D.L. (2001) Second-degree
atrioventricular block: a reappraisal. Mayo Clinical
Proceedings, 76 (1), 44-57.
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Figure 4.3

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

7 A 67-year-old man presents to your office for follow up
after a recent acute anterior myocardial infarction.
EKG demonstrates abnormal left axis deviation, QRS
prolongation > 100 and poor R wave progression in
leads V1-V3. Which of the following is the most likely
diagnosis?

A Left ventricular hypertrophy
B Left bundle branch block

C Right bundle branch block

D Left anterior fascicular block
E Left posterior fascicular block

Left anterior fascicular block is the most common
conduction block in general and the most common
conduction delay seen in acute anterior wall myocardial
infarction due to occlusion of the left anterior descend-
ing artery. 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

1*] i
Jupstes. Flonada US A,

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 q-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

A left posterior fascicular block (LPFB) is a rare condi-
tion where the left posterior fascicle, which travels to the
inferior and posterior portion of the left ventricle does
not conduct the electrical impulses from the AV node,
but rather through the left anterior fascicle and right
bundle branch, leading to a right axis deviation seen on
the EKG. A left bundle branch block would have a more
prolonged QRS complex (>0.125s). A right bundle branch
block would have an extra deflection in the QRS complex
(as well as a terminal R wave in V1 and a slurred S wave
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in leads I and V6) but would not show left axis deviation.
A left posterior fascicular block is characterized by right
axis deviation on EKG.

Answer: D

Da Costa, D., Brady, W.]J., and Edhouse, J. (2002).
Bradycardias and atrioventricular conduction block.
British Medical Journal, 324, 535-538.

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

8 A 34-year-old woman with chronic hypertension is in
her first trimester of pregnancy. Prior to becoming preg-
nant, her blood pressure was well controlled on lisino-
pril. Which of the following antihypertensive medications
would be safe to continue throughout her pregnancy?
A Enalapril
B Amiodarone
C Losartan
D Labetalol
E Atenolol

Data are limited on the safety of most cardiovascular
medications during pregnancy and should only be used
when necessary. Beta-blockers cross the placenta and
can cause significant levels in the fetus. While Atenolol
can cause premature delivery and low birth weight and
should be avoided during pregnancy, labetalol and meto-
prolol have been found to be safe in pregnancy. ACE
inhibitors, angiotensin receptor blockers and aldoster-
one agonists should all be avoided due to teratogenicity.
Amiodarone can cause fetal hypothyroidism and prema-
turity and should be avoided if possible.

Answer: D

Task Force on the Management of Cardiovascular Diseases
During Pregnancy of the European Society of
Cardiology (2003) Expert consensus document on
management of cardiovascular diseases during
pregnancy. European Heart Journal, 24, 761-781.

9 Two weeks following a myocardial infarction, a 64-
year-old man is admitted to the trauma service with
multiple rib fractures and a pulmonary contusion
after a motor vehicle collision. He has a history of
alcohol abuse and has been noncompliant with his
cardiac medications. On examination he has a pulse
of 100 beats/min, blood pressure 100/70 mm Hg, res-
pirations 20 breaths/min, tenderness and bruising
along the right lateral chest wall. A 12-lead ECG con-
firms a recent inferior myocardial infarction and an
echocardiogram is shown in Figure 4.4.

Figure 4.4

In view of this finding, which of the following is the

most appropriate management for this patient?

A Confirmatory cardiac catheterization

B Six months of oral anticoagulation

C Pericardiocentesis

D NSAIDs for six weeks

E Immediate referral to the cardiothoracic surgical
service

The echocardiogram reveals a very large left ventricular
pseudoaneurysm. The outer boundary of the pseudoa-
neurysm is marked by vertical lines O and the commu-
nication 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 car-
diac 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. Diagnosis is
usually made within six months of infarction. Surgical
intervention for a large or expanding pseudoaneurysm
is recommended. Answer choice A is incorrect because
contrast ventriculography is diagnostic in only half of
patients compared to 97% for 2D echocardiography.
Pericardiocentesis would not treat the pseudoaneurysm
and could lead to free rupture. NSAIDs would not be
helpful for managing a pseudoaneurysm. Although
Coumadin is of value in circumstances of left-ventricu-
lar clot in the setting of a true left-ventricular aneurysm,
it is contraindicated in this setting.

Answer: E
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Figure 4.5 12-lead ECG with arrows showing pericarditis.

Atik, F.A. and Lytle, B.W. (2007) Surgical treatment of post
infarction left ventricular pseudoaneurysm. The Annals
of Thoracic Surgery, 83, 526—531.

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

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 regular and he has a blood
pressure of 165/89mm Hg and a respiratory rate of 22
breaths/min. 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
in Figure 4.5. Which of the following would be indicated
based on his electrocardiogram and clinical findings?
A Cardiac catheterization
B Echocardiogram
C Albuterol
D Thrombolytics
E Sublingual nitroglycerin

Based on the electrocardiogram findings and his history,
the most likely diagnosis is acute pericarditis. The EKG
reveals ST elevation (Figure 4.6) and diffuse J-point eleva-
tion throughout the electrocardiogram (solid arrows) with
no localization to coronary artery distribution. There is
atrial segment elevation in leads aVR (hollow arrows).

Diffuse ST segment elevation and PR segment eleva-
tion in lead aVR strongly support the diagnosis of acute
pericarditis, which should be distinguished from acute
myocardial injury. Answer choice B would be the most
appropriate answer as an echocardiogram, in the absence
of a prior myocardial infarction, demonstrates normal LV
function without wall motion abnormality. It would also
demonstrate the presence or absence of a pericardial
effusion which occurs in up to 30% of patients with
acute pericarditis. Cardiac catheterization is not indi-
cated for the diagnosis or management of pericarditis.
Albuterol, a bronchodilator, would not be helpful for
treating pericarditis. Thrombolytics would be inappro-
priate as they may result in the development of a
hemorrhagic pericardial effusion and possible cardiac
tamponade. Sublingual nitroglycerin would be appropri-
ate for the treatment of acute coronary syndrome, not
pericarditis. Anti-inflammatory medications are the pri-
mary treatment modality for acute pericarditis, including
high dose aspirin (or NSAIDs in the absence of an MI).
Indomethacin and corticosteroids have been relegated
to refractory cases due to concerns regarding increased
coronary vascular resistance, and increased risk of myo-
cardial rupture in the setting of a healing previously
unrecognized myocardial infarction.

Answer: B

Califf, R. and Roe, M. (2010) Acute Coronary Syndrome
Essentials, Jones & Bartlett Learning, Sudbury, MA.
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Medicine: Principles of Diagnosis and Management in
the Adult. Mosby, Philadelphia, PA.

Ten days after undergoing a laparoscopic right ingui-
nal hernia repair, a 69-year-old man presents to
your office complaining of worsening fatigue and
shortness of breath. Physical examination reveals a
blood pressure of 115/69mm Hg, pulse 111 beats/
min, and respiratory rate 22 breaths/min. He has
marked rales at both lung bases, and a 4/6 holosys-
tolic murmur auscultated best at the base of the
heart. An electrocardiogram is performed and
reveals evidence of a recent inferior myocardial
infarction. Chest x-ray reveals bilateral pulmonary
edema. His echocardiogram is shown in Figure 4.7.
Which of the following statements is true in regards
to the myocardial complication demonstrated?
A The anterior lateral papillary muscle is supplied by
dual blood supply but is the most likely to rupture
B The posteromedial papillary muscle is supplied
only by the right coronary artery and is the most
common form of papillary muscle rupture after
an infarct
C The severity of mitral regurgitation following an
acute myocardial infarction is not an independent
predictor of survival
D Intra-aortic balloon pump utilization is of little
use in reducing the risk of significant left ventricu-
lar overload in this type of case
E Papillary muscle rupture rarely occurs in the first
two to nine days after a significant myocardial
infarction

Figure 4.7

Rupture of the posteromedial papillary muscle repre-
sents the most common form of papillary muscle rupture
as it is exclusively supplied by the posterior descending
branch of the right coronary artery. Answer choice A is
incorrect because the anterolateral papillary muscle is
less likely to rupture given its dual blood supply from
both the diagonal branches of the left anterior descend-
ing and branches off of the circumflex marginal artery. In
this clinical scenario, a myocardial infarction was pre-
cipitated by the stress of the laparoscopic inguinal hernia
repair. When pulmonary edema develops two to nine
days after an infarction and coincides with necrosis
of the papillary head, papillary muscle rupture should
be seriously considered in the differential diagnosis.
On physical examination, a new apical systolic murmur,



audible at the base of the heart, is often present and ends
just prior to the second heart sound, S2. It is uncommon
to have a palpable thrill.

Prolapse 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) can be seen
on echocardiogram. Choice C is incorrect because sig-
nificant correlation exists between mortality and wors-
eningseverityof mitralregurgitationonechocardiography
in the setting of acute infarction. Acute mitral regurgi-
tation results in a sudden state of volume overload of
the left ventricle. Dilation of the left ventricle does not
have time to develop under these circumstances, and
there is an abrupt rise in left ventricular end-diastolic
and left atrial pressure. This phenomenon may subse-
quently result in pulmonary hypertension, pulmonary
edema, and acute right ventricular dysfunction followed
by cardiogenic shock. Consequently, definitive treatment
is expedient cardiac surgery. However, stabilization of
the cardiovascular system requires administration of
vasodilators and intra-aortic balloon counter pulsation
therapy to promote forward flow.

Answer: B
Gabellj, A., Layon, A.J., and Yu, M. (2012) Civetta, Taylor &

Kirby’s Critical Care. Lippincott Williams and Wilkins:
Philadelphia, PA.

Figure 4.8
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Parillo, J.E. and Dellinger, R.D. (2014) Critical Care
Medicine: Principles of Diagnosis and Management in
the Adult. Mosby: Philadelphia, PA.

Thompson, C.R., Buller, C.E., Sleeper, L.A., et al. (2000)
Cardiogenic shock due to acute severe mitral
regurgitation complicating acute myocardial infarction:
a report from the SHOCK Trial Registry. Journal of the
American College of Cardiology, 36 (3) (Suppl. I),
1104-11009.

12 A 59-year-old woman with a history of depression
and alcohol abuse is admitted to the hospital for
management of acute diverticulitis. She is started on
a course of levofloxacin. On exam her heart rate is 60
beats/min, blood pressure is 110/70mm Hg, and res-
piratory rate 17 breaths/min. Her ionized calcium
is 2.9mg/dL and her serum phosphorus is 1.8 mg/dL.
Her electrocardiogram is illustrated in Figure 4.8.

Two days after admission, the patient becomes
profoundly hypertensive, and the rhythm strip shown
in Figure 4.9 is obtained:

The patient is immediately electrically cardio-
verted with a return to her baseline sinus rhythm on
the monitor and improvement in her blood pressure
to 115/80mm Hg. Following cardioversion, which of
the following medications should be given next?

A [V amiodarone
B [V lidocaine

a4
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Figure 4.10 12 lead ECG with solid arrows showing prolonged QT interval.

C IV magnesium
D [V sotalol
E [Vibutilide

The rhythm strip is consistent with torsades de pointes,
a classic form of polymorphic ventricular tachycardia
characterized by a gradual change in the amplitude and
twisting of the QRS complexes around the isoelectric line.
Itisassociated with a prolonged QT interval (Figure 4.10),
which may be congenital or acquired. Risk factors
including hypokalemia, hypomagnesemia, bradycardia
and certain medications including fluoroquinolones
and antiarrhythmic medications.

Polymorphic ventricular tachycardia is poorly toler-
ated by patients and may degenerate into ventricular
fibrillation. Consequently, intravenous magnesium (dose
of 1-2 gm) should be given over one to two minutes after
the immediate cardioversion. In addition, correction of
any underlying electrolyte abnormality should be under-
taken. On the contrary, ibutilide, sotalol and amiodarone

are contraindicated as they worsen QT prolongation.
Lastly, lidocaine has been proven to be ineffective.

Answer: C

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

Gabelli, A., Layon, A.J., and Yu, M. (2012) Civetta, Taylor &
Kirby’s Critical Care, Lippincott Williams and Wilkins,
Philadelphia, PA.

Parillo, J.E. and Dellinger, R.D. (2014) Critical Care
Medicine: Principles of Diagnosis and Management in
the Adult. Mosby, Philadelphia, PA.

13 A 67-year-old man presents to your clinic with a 3-
day history of fatigue, nausea, vomiting, and obsti-
pation. He is noted to be hypokalemic and mildly
hypomagnesemic. He is admitted to the hospital for
further workup. His initial electrocardiogram in the
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Figure 4.11

emergency room just prior to transfer to the ward is
illustrated in Figure 4.11.

Four hours later he complains of retrosternal chest
pain relieved by sublingual nitroglycerin. His daugh-
ter states that her father has been complaining of
“fluttering in his chest” for the past several days and
has a history of compensated ‘congestive heart fail-
ure” On physical examination, his heart rate is 95
beats/minand irregular, blood pressureis 121/79 mm
Hg, respiratory rate is 18 breaths/min, and oxygen
saturation of 96% on 40% face mask. Which would
be most appropriate next step in management?

A Synchronized monophasic cardioversion

B Intravenous amiodarone and anticoagulation
C Intravenous ibutilide

D Intravenous beta blocker and diltiazem

E Carotid massage

The 12-lead EKG demonstrates atrial flutter with a rapid
ventricular response rate in lead V1. The rate of atrial
activity is 275 beats/min. The discrete regular atrial
waves are consistent with atrial flutter (represented by
the solid arrows). Ventricular conduction is occurring at
a frequency of 3:1 with stimulation of one QRS complex
per three flutter waves. This is an unusual finding as
atrial flutter is typically associated with a fixed even con-
duction ratio of 2:1 or 4:1. When atrial flutter is trans-
mitted through the AV node in a 1:1 ratio, it often
conducts aberrantly with a wide QRS complex tachycar-
dia which may be easily mistaken for ventricular tachy-
cardia. Therefore, it is not uncommon that atrial flutter
presents with atrial undulations at a rate of 240-340
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beats/min. The atrial flutter morphology is classically
described as inverted flutter waves that lack an isoelec-
tric base in leads I, II, and aVE. In addition, they are asso-
ciated with small, positive deflections with a characteristic
isoelectric baseline which can be observed in lead V1 as
demonstrated in this case. The ECG in Figure 4.11 shows
the baseline artifact in the inferior leads. There are also
subtle non-specific ST & T wave changes noted (see hol-
low arrows).

This patient is hemodynamically stable and by history,
he has probably been in flutter for at least 96 hours
before his admission. Prior to performing cardioversion
in a patient with a history of atrial flutter greater than 48
hours, an echocardiogram should be performed to rule
out the existence of a left atrial thrombus, which can
potentially lead to thromboembolic events. An atrial
thrombus may be present in 10 to 34% of patients after
being in atrial flutter for > 72 hours. Furthermore, antico-
agulation should be initiated for at least three weeks
prior to undergoing attempted cardioversion in a rela-
tively stable patient after the echocardiography has been
performed. Amiodarone has proven to be effective in the
setting of systolic dysfunction and ischemic episodes.

Although ibutilide has been used as an option in the
conversion of atrial flutter, it is contraindicated in the
setting of acute coronary syndromes and electrolyte dis-
turbances, such as hypokalemia and clinically significant
hypomagnesiumia, as seen in the case above. This is due
to a higher propensity for the patient to develop Torsades
de pointes. Beta-blockers are frequently recommended
for rate control in setting of atrial flutter, but when used
in conjunction with diltiazem, they can lead to profound
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bradycardia and heart block. Carotid massage is another
technique that can be used to unmask flutter waves, and
can help confirm the diagnosis of atrial flutter in the
presence of a 2:1 AV block. However, it is ineffective in
the conversion of the arrhythmia to normal rate and
rhythm; the original ventricular rate predictably resumes
upon discontinuation. Therefore, based on the options
listed above, the combination of anticoagulation plus
amiodarone would be the most suitable choice in this
particular scenario.

Answer: B

Field, J., Gonzales, L., and Hazinski, M. (2013) Advanced
Cardiac Life Support Manual. American Heart
Association, Dallas, TX.

Parillo, J.E. and Dellinger, R.D. (2014) Critical Care
Medicine: Principles of Diagnosis and Management in
the Adult. Mosby: Philadelphia, PA.

14  Which of the following statements regarding the uti-
lization of coronary artery bypass grafting (CABG)
for acute coronary syndrome is true?

A Diabetics with multivessel disease and prior
PTCA have worse outcomes with CABG versus
repeat PTCA

B Perioperative mortality for elective CABG is
increased three to seven days after acute MI and
therefore cannot be done safely

C Clopidogrel should be held for five to seven days
priorto CABG

D CABG following fibrinolytic therapy leads to reop-
eration for bleeding in less than 1%

E Mortality rates for emergent CABG following
failed fibrinolytic therapy is 50%

Clopidogrel (Plavix) should be held for five to seven
days prior to CABG to minimize the risk of periopera-
tive bleeding. CABG for patients with preserved LV
function who require revascularization can be safely
performed within a few days of a STEMI. CABG fol-
lowing fibrinolytic therapy leads to a reoperation for
bleeding in ~4% of patients. Mortality rates for emer-
gent CABG after failed fibrinolytic therapy remains
about 15%. Diabetics with multivessel disease and
prior PTCA have better outcomes with CABG versus
repeat PTCA.

Answer: C

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

Parillo, LE. and Dellinger, R.D. (2014) Critical Care
Medicine: Principles of Diagnosis and Management in
the Adult. Mosby, Philadelphia, PA.

The BARI (Bypass Angioplasty Revasculization
Investigation) Investigators (2000) Seven year outcome
by treatment. Journal of the American College of
Cardiology, 35,1122-1129.

15 A 69-year-old woman undergoes a sigmoid colec-
tomy. She has a history of type II diabetes mellitus
and hypercholesterolemia. Forty-eight hours after
the procedure, she complains of worsening epigastric
discomfort after coming back from physical therapy.
A stat electrocardiogram is obtained and is shown in
Figure 4.12.

She is initially treated conservatively, but 3 days
later she is noted to have a new holo-systolic murmur
and a palpable thrill along the left sternal border. An
echocardiogram is performed, shown in Figure 4.13.

Which of the following statements concerning rup-
ture of the interventricular septum is correct?

A Most commonly occurs with anterior myocardial
infarctions

B If pulmonary artery catheterization were per-
formed you would expect a prominent v-wave in
the pulmonary capillary wedge pressure tracing

C This complication is found in 5-6% of acute myo-
cardial infarctions

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

E Survival is the same with inferior posterior infarc-
tions compared to anterior infarctions

The patient has a post-myocardial infarction ventricu-
loseptal defect (VSD), which complicates 0.5-2% of
acute myocardial infarctions. VSDs typically occur two
to five days following the myocardial event. Patients are
usually older and have multi-vessel disease. Rupture of
the interventricular septum is more common with ante-
rior myocardial infarctions because the septum is sup-
plied by the septal perforating branches of the left
anterior descending artery. Evidence of septal necrosis is
heralded by the development of a holo-systolic murmur
at the left sternal border, which indicates a significant
VSD. Diagnosis is confirmed using two-dimensional
echocardiography combined with Doppler flow studies.
The echocardiogram illustrated in Figure 4.13 shows an
inferior septal defect with thinning of portions of the
necrotic septal wall (arrows). Pulmonary artery catheter-
ization with oximetry demonstrates a greater than 5-7%
step-up in oxygenation between the right atrium and
ventricle. In addition, an absence of V waves is present in
the pulmonary artery wedge pressure tracing, which dif-
ferentiate 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
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Figure 4.12

Parillo, J.E. and Dellinger, R.D. (2014) Critical Care
Medicine: Principles of Diagnosis and Management in
the Adult, Mosby, Philadelphia, PA.

Topaz, O. and Taylor, A.L. (1992) Interventricular septal
rupture complicating acute myocardial infarction: from
pathophysiologic features to the role of invasive and
noninvasive diagnostic modalities in current
management. American Journal of Medicine, 93, 683—688.

16 A 63-year-old man develops angina pectoris on the
postoperative day four following emergent right hemi-
colectomy for an obstructing right colon neoplasm.
His postoperative course has been complicated by
persistent emesis. The patient subsequently develops
progressive hypotension. On physical examination,
he is noted to have a positive Kussmaul'’s sign. An ini-

Figure 4.13 tial electrocardiogram is performed with results as

illustrated in Figure 4.14.

A Swan—-Ganz catheter is inserted and the patient’s
hemodynamic profile is assessed. His ratio of right
atrial pressure to wedge pressure is noted to be less
than 0.8. A selective right-sided chest lead ECG is
carried out a few hours later with results as shown in

that 25% 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
posterior-inferior or right ventricular associated ventric-
ular septal defects is significantly worse than for those

with anterior myocardial infarctions. Figure 4.15.
Which of the following statements regarding this
Answer: A condition is correct?
A Patients with this type of myocardial infarction
Blanche, C., Khan, S.S., Choux, A., and Metloff, ].M. (1994) complication are older
Post infarction ventricular septal defect in the elderly: B Hospital mortality is 25% with defibrillation
analysis and results. The Annals of Thoracic Surgery, 57, C More commonly associated with multi-vessel

91-98. disease
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Figure 4.15 Right-sided chest ECG.

D Bezold-Jarisch reflex is associated with cardioversion
E The patient should undergo volume expansion to
overcome his right ventricular dysfunction

This patient has a significant right-sided ventricular
infarction. Right-ventricular infarctions occur in approx-
imately 30% of inferior infarcts and 10% of anterior

infarcts. The initial 12 lead typically exhibits ST segment
elevation and T wave inversion in the inferior leads (solid
arrows). There is also a 1 mm of ST segment elevation in
lead V1 (hollow arrows). Furthermore, lateral ST seg-
ment depression is also identifiable. This constellation of
findings is consistent with an acute right ventricular
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Figure 4.17 RT sided chest lead ECG.

infarction. Verification should be obtained by perform-
ing a right-sided ECG tracing. It is important to assess
leads V1-2 for ST segment elevation and prominent R
waves, which may be representative of a right-ventricu-
lar or posterior myocardial infarction.

The right-sided ECG in Figure 4.16 demonstrates infe-
rior Q wave formation (solid arrows) and ST elevation
(hollow arrows). These findings are indicative of an acute
inferior myocardial infarction. In addition, ST elevation
is present in leads the precordial leads V2—-6R, which is

consistent with an acute right-ventricular infarction
(Figure 4.17).

The presence of a right ventricular infarction is sug-
gested by identification of Kussmauls sign (jugular
venous distention on inspiration) in the face of hypoten-
sion accompanied by inferior myocardial infarctions.
Pulmonary artery catheterization reveals the right atrial
pressure exceeds 10mm Hg and the ratio of right atrial
pressure to wedge pressure is classically less than 0.8.
Treatment requires early reperfusion by mechanical or

a7
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thrombolytic means. The Bezold—Jarisch reflex is the
sudden development of bradycardia associated with
hypotension, which can be seen after the reopening of an
occluded right coronary artery. This is referred to as a
sympathoinhibitory reflex. Maintenance of RV preload is
important and should be accomplished by aggressive
volume expansion. However, administration of nitrates
and diuretics should be avoided.

Answer: E

Gabelli, A., Layon, A.J., and Yu, M. (2012) Civetta, Taylor &
Kirby’s Critical Care. Lippincott Williams and Wilkins:
Philadelphia, PA.

Jacobs, A., Leopold, J., Bates, E., et al. (2003) Cardiogenic
shock caused by rt ventricular infarction: a report from
the SHOCK registry. Journal of the American College of
Cardiology, 41, 1273-1279.

Lim, S.T. and Goldstein, J.A. (2001) RT ventricular
infarction. Current Treatment Options in
Cardiovascular Medicine, 3, 95-101.

17 A 60-year-old woman with hypertension and hyper-
lipidemia presents to the Emergency Department for
acute onset of chest pain 90 minutes ago and is found
to have ST-segment elevation in leads V2-V4 and
ST-segment depression in leads II, I1I and aVFE. She is
immediately started on thrombolytic therapy. Which
of the following statements regarding thrombolytics
in acute coronary syndromes is true?

A Thrombolytics obtain acute patency rates of
70-80%

B Thrombolytics are indicated in patients with
RBBB presenting within 24 hours of symptoms

C Thrombolytics have an associated risk of intracra-
nial hemorrhage of 0.5-1.5%

D Thrombolytic therapy can be administered within
1 month of an ischemic stroke

E Thrombolytics can be administered in select
patients with severe but controllable hypertension
on presentation (systolic BP > 200 mm Hg or dias-
tolic BP > 120 mm Hg)

Fibrinolytic therapy is associated with certain limita-
tions. This includes acute patency rates of occluded
vessels of approximately 50-60%. The incidence of
intracranial hemorrhage occurs at a relatively low rate
of 0.5-1.5%. The indications for use of thrombolytics
are as follows: acute myocardial infarction associated
with ST-segment elevation or left bundle branch block
(LBBB) that presents 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

Relative contraindication includes:

e Uncontrolled hypertension on presentation (systolic
BP>180mm Hg or diastolic BP>110mm Hg)

Answer: C

Antman, E.A., Anbe, T.O., Armstrong, PW., et al. (2013)
ACC/AHA guidelines for management of patients with
ST elevation myocardial infarctions. Journal of the
American College of Cardiology, 61, 485-510.

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

Parillo, J.E. and Dellinger, R.D. (2014) Critical Care
Medicine: Principles of Diagnosis and Management in
the Adult. Mosby, Philadelphia, PA.

18 Which of the following statements regarding compli-
cations after myocardial infarction is true?

A Right ventricular infarcts are associated with a
decreased right atrial pressure (RAP), a RAP/
PCWP ratio > 0.8, and an increased cardiac out-
put (CO)

B Cardiogenic shock leads to decreased BD
decreased CO, increased PCWDB and increased
systemic vascular resistance (SVR)

C Acute mitral regurgitation causes a decrease in
PCWP (prominent V-wave may be seen) and
decreased CO

D Cardiac tamponade is associated with increased
BB pulsus paradoxus, decreased CO as well as
absent X descent on central venous pressure (CVP)
tracing

E Oxygen tension is decreased from RA to RV/PA
in patients with acute ventricular septal defects.
VSDs increase right-to-left shunting with decreased
pulmonary blood flow

It is important to recognize the hemodynamic variations
that exist between the different surgical complications
associated with acute myocardial infarctions as their
management will differ. Cardiogenic shock (answer B)
leads to decreased BP, decreased CO, increased PCWP
and increased SVR. Answer A is incorrect because right
ventricular infarcts are associated with increased right
atrial pressure, a RAP/PCWP ratio > 0.8, and a decreased
cardiac output (CO). Acute mitral regurgitation causes
an increase in PCWP, prominent V-wave, and decreased
CO. Cardiac tamponade is associated with decreased BP
and pulsus paradoxus which is a decrease in systolic
blood pressure during inspiration. In cardiac tampon-
ade, the RAP approximates PCWP, which is referred to
as equalization of pressures. It leads to decreased CO as



well as prominent X decent on central venous pressure
tracings. In patients with acute ventricular septal defects,
oxygen tension is stepped-up from the RA to the RV
and PA. VSDs increase left-to-right shunting with
increased pulmonary blood flow, which results in a
falsely elevated CO.

Answer: B

Gabelli, A., Layon, A.J., and Yu, M. (2012) Civetta, Taylor &
Kirby’s Critical Care, Lippincott, Butterworth
Heinemann, Philadelphia, PA.

Parrillo, J.E. and Dellinger, R.P. (2014) Critical Care
Medicine: Principles of Diagnosis and Management in
the Adult, Mosby, Philadelphia, PA.

Sidenbotham, D., Mckee, A., Gillham, M., and Levy, J.H.
(2007) Cardio Thoracic Critical Care, Butterworth
Heinemann, Philadelphia, PA.

19 A 65-year-old man with a history of peptic ulcer dis-
ease (PUD), myocardial infarction 5 years ago,
hypertension and tobacco use presents to your office
for his annual physical exam. His current medica-
tions include a proton pump inhibitor, simvastatin,
and metoprolol. He walks 2 miles every other day for
exercise. On exam, he is 5 feet 10 inches tall and
weighs 2001b. His blood pressure is 129/78 mm Hg
and his pulse is 80 beats/min. Laboratory workup
reveals a normal triglyceride level and a hemoglobin
Alc level of 5.6%. Which of the following modifica-
tions would you recommend to reduce his cardiac
risk?

A Initiation of daily Aspirin 81 mg

B Increase his dose of metoprolol

C Stop smoking

D Start an oral antihyperglycemic agent
E Start an Ace-inhibitor

Smoking is a major contributor to the development of
CAD, acute myocardial infarction, and heart failure.

Arrhythmias, Acute Coronary Syndromes, and Hypertensive Emergencies

Smoking cessation can significantly reduce mortality
among patients with CAD, with the greatest benefit seen
after three years. Based on ACC/AHA guidelines, target
blood pressure among patients with CAD is less than
130/80. This patient meets this criterion so no additional
antihypertensive medications are necessary. While daily
aspirin is widely accepted for the secondary prevention
of cardiovascular events, it should be used with caution
in patients with a history of PUD. There is no proven
benefit to strict glycemic control on the risk of macro-
vascular disease. An Alc level of below 5.7% is consid-
ered normal and 5.7-6.4% signals pre-diabetes.

Answer: C

Smith, S.C., Jr, Allen, J., Blair, S.N., et al. (2006) AHA/ACC
guidelines for secondary prevention for patients with
coronary and other atherosclerotic vascular disease:
2006 update endorsed by the National Heart, Lung, and
Blood Institute. Journal of the American College of
Cardiology, 47, 2130.

Ittaman, S.V., VanWormer, J.J., and Rezkalla, S.H. (2014)
The role of aspirin in the prevention of cardiovascular
disease. Clinical Medicine and Research, 12, 147-154.

20 A 72-year-old man on postoperative day 5 following
a Nissen fundoplication for severe gastroesophageal
reflux disease is discovered to have new-onset ST
changes on a routine electrocardiogram. The patient
has not complained of any chest pain or discomfort.
You decide to draw a set of cardiac enzymes. Later
that evening, the patient suddenly develops the
rhythm shown in Figure 4.18 after being found
unresponsive. His blood pressure is 50/20mm Hg
and there is no detectable pulse. Cardioversion is
attempted immediately without success and repeated
cycles of CPR and epinephrine via ACLS protocol are
initiated along with vasopressin followed by repeated
cardioversion. The rhythm remains unchanged and
the patient remains hypotensive.
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What would be the next most appropriate step
in the management of the patient in this clinical
setting?

A IV procainamide

B IV amiodarone

C IV magnesium

D IVlidocaine

E IV bretylium tosylate

Ventricular fibrillation (VF) occurs within the first four
hours following a MI in 4% of patients. VF can usually be
cardioverted within the first minute but is less than 25%
successful when initiated after 4 minutes. Current ACLS
guidelines for witnessed arrest recommend immediate
unsynchronized defibrillation at 120-200] monophasic
followed by resumption of CPR for 2 minutes or five
cycles. Epinephrine 1 mg IV push every 3—-5 minutes or
vasopressin 40 U IV once, for persistent VFE. After five
cycles of CPR, if the patient persists in VF, another shock
should be delivered. If VF persists, amiodarone (300 mg

IV bolus) should be given (may repeat with 150 mg dose).
Alternatively, lidocaineis given ina first dose of 1-1.5mg/
kg IV, followed by 0.5-0.75mg/kg, for a maximum of 3
doses or 3mg/kg. Magnesium (1-2 gm IV bolus over
5min) would be recommended for Torsades de Pointes.
Compared to lidocaine, amiodarone has demonstrated
increased survival to hospital admission. Procainamide
is not recommended acutely due to its long administra-
tion time. Bretylium tosylate is no longer recommended
for use in cardiac arrest.

Answer: B

Gabelli, A., Layon, A.J., Yu, M. (2012) Civetta, Taylor &
Kirby’s Critical Care, Lippincott, Williams and
Wilkins, Philadelphia, PA.

Field, J., Gonzales, L., and Hazinski, M. (2015) Advanced
Cardiac Life Support, American Heart Association.

Sidebotham, D., Mckee, A., Gillham, M., and Levy, ].H.
(2007) Cardio Thoracic Critical Care, Butterworth
Heinemann, Philadelphia, PA.
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Sepsis and the Inflammatory Response to Injury

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

Questions 1 and 2 refer to the following case.

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

1 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)

The patient fulfills criteria for severe sepsis, defined as
sepsis with evidence of organ dysfunction, hypoperfu-
sion, or hypotension. SIRS is defined as an inflammatory
response to insult manifested 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 90 beats/min, respiratory
rate greater than 20 breaths/min, and white blood cell
count greater that 12 x 10/uL, less than 4 x 10/pL, or 10%
bands. A diagnosis of sepsis is given if infection is present
in addition to meeting criteria for SIRS. Septic shock
includes sepsis-induced hypotension (despite fluid resus-
citation) along with evidence of hypoperfusion. MODS is
the presence of altered organ function such that hemo-
stasis cannot be maintained without intervention. This
patient’s lack of fluid resuscitation classifies him as having
severe sepsis rather than septic shock.

Answer: D

Bone, R.C,, Balk, R.A., Cerra, E.B,, 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—1555.

Holmes, C.L. and Walley, K.R. (2003) The evaluation and
management of shock. Clinics in Chest Medicine, 24,
775-789.

2 What is the first step in the initial management of this
patient?
A Antibiotic therapy
B f-Blocker therapy to control heart rate
C Intravenous (IV) fluid resuscitation
D Supplemental oxygen and airway management
E Vasopressor therapy with dopamine

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 oxygenation should be ensured
with a goal of achieving an arterial oxygen saturation of
90% or greater.

Answer: D

Bone, R.C,, Balk, R.A., Cerra, E.B,, 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—1555.

Holmes, C.L. and Walley, K.R. (2003) The evaluation and
management of shock. Clinics in Chest Medicine, 24,
775-789.
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3 Which of the following is an indication for using
corticosteroids in septic shock?
A Acute respiratory distress syndrome (ARDS)
B Necrotizing pneumonia
C Peritonitis
D Sepsis responding well to fluid resuscitation
E Vasopressor-dependent septic shock

An inappropriate cortisol response is not uncommon in
patients with septic shock. Low-dose IV corticosteroids
(hydrocortisone 200-300 mg/day) are recommended in
patients with vasopressor-dependent septic shock.
However, steroids should not be used in the absence of
vasopressor requirement. Higher doses of corticoster-
oids have been shown to be harmful in severe sepsis.
The use of adrenal function tests to guide decisions on
corticosteroid therapy is no longer recommended prior
to initiation of corticosteroids. Historically, an absolute
incremental increase of 9 pg/dL at 30 or 60 minutes
after administration of 250 pg of corticotropin was
found as the best cutoff value to distinguish between
adequate adrenal response (responders) and relative
adrenal insufficiency (non-responders).

Answer: E

Bone, R.C,, Fisher, C.J., and Clemmer, T.P. (1987) A
controlled clinical trial of high-dose methylprednisolone
in the treatment of severe sepsis and septic shock. New
England Journal of Medicine, 317, 653—658.

Keh, D. and Sprung, C.L. (2004) Use of corticosteroid
therapy in patients with sepsis and septic shock: an
evidence-based review. Critical Care Medicine, 32
(11 Suppl), S527-S533.

Rivers, E.P.,, Gaspari, M., Saad, G.A., et al. (2001) Adrenal
insufficiency in high-risk surgical ICU patients. Chest,
119, 889-896.

4 Which one of the following would be most likely to
cause early onset (within the first 4 days of hospitali-
zation) ventilator-associated pneumonia (VAP)?

A Streptococcus pneumonia
B Staphylococcus aureus

C Acinetobacter

D Pseudomonas aeruginosa
E Klebsiella pneumonia

Early-onset VAP occurs within the 1% 4 days of hospitaliza-
tion and most commonly is caused by community acquire
pathogens such as S. pneumonia and Haemophilus species.
In 20-50% of cases, VAP is caused by a polymicrobial
infection. The role of anaerobic bacteria and VAP is not
clear. In general, it appears that oropharyngeal bacteria,
rather than gastric bacteria, are the major sources of

VAP. The most common pathogens isolated in VAP are
Staph. aureus, Pseudomonas, Enterobacter species,
and Klebsiella species. It appears that VAP caused by
Pseudomonas and Acinetobacter species are factors for
higher mortality. Acinetobacter species are not common
pathogens in early VAP.

Answer: A

Craven, D.E. and Steger, K.A. (1995) Nosocomial
pneumonia in mechanically ventilated adult patients:
epidemiology and prevention in 1996. Seminars in
Respiratory Infections, 11, 32-53.

Safdar, N., Dezfulian, C., Collard, H.R., and Saint, S. (2005)
Clinical and economic consequences of ventilator-
associated pneumonia: A systematic review. Critical
care Medicine, 33 (10), 2184—2193.

5 Which one of the following is supportive of a diagnosis

of VAP?

A Positive culture (more than 10° colony forming
units [CFUs|/ml) from an endobronchial aspirate

B Positive culture (more than 10> CFUs/ml) from a
protected brush specimen (PBS) performed during
bronchoscopy

C Positive culture (more than 10> CFUs/ml) from a
PBS obtained blindly without bronchoscopy

D Positive culture (more than 10* CFUs/ml) from a
bronchoalveolar lavage (BAL)

E Positive culture (more than 10> CFUs/ml) from a
BAL

The use of quantitative microbiology to make the
diagnosis of VAP offers multiple options. Sources of
specimens can be from bronchoscopic bronchoalveo-
lar lavage, protected brush specimen, or blind BAL.
The following criteria must be met for the following
quantitative modalities to confirm the diagnosis of
VAP: Endobronchial aspirate, more than 10° CFU/
mL; PSB from bronchoscopy, more than 10° CFU/mL;
PSB obtained blindly, more than 10> CFU/mL; and
BAL with or without protected catheter, more than
10* CFU/mL. Therefore, a BAL culture with more
than 10* CFU/mL will meet criteria for the diagnosis
of VAP.

Answer: D

Ewig, S., Bauer, T., and Torres, A. (2002) The pulmonary
physician in critical care « 4: nosocomial pneumonia.
Thorax, 57 (4), 366—371.

Rea-Neto, A., Youssef, N., Tuche, E, et al. (2008) Diagnosis
of ventilator-associated pneumonia: a systematic review
of the literature. Critical Care, 12 (2), R56.



6  Which one of the following has the strongest causative
association with VAP?
A Gastric bacteria
B Nasal bacteria
C Oropharyngeal bacteria
D Skin bacteria
E Small bowel translocation

Oropharyngeal bacteria are the major source of VAP, not
gastric bacteria. It does not appear that nasal bacteria
independently play a significant role in the development
of VAP. Other sources exist exogenously, such as bacteria
transferred from healthcare provider to patient from
inadequately washing hands, inadequately disinfected
respiratory therapy equipment and contaminated medi-
cation biopsies. Aspiration of oropharyngeal bacteria
into the lower respiratory tract and reduced host defense
mechanisms are risk factors for the development of VAP.

Answer: C

Kollef, M.H., Skubas, N.J., and Sundt, T.M. (1999)

A randomized clinical trial of continuous aspiration of
subglottic secretions in cardiac surgery patients. Chest,
116, 1339-1346.

Pneumatikos, I.A., Dragoumanis, C.K., and Bouros, D.E.
(2009) Ventilator-associated pneumonia or endotracheal
tube-associated pneumonia?: An approach to the
pathogenesis and preventive strategies emphasizing the
importance of endotracheal tube. Anesthesiology, 110
(3), 673-680.

7 Which one of the following antibiotics would be effec-
tive in treating an infection caused by an extended-
spectrum B-lactamase-producing strain of Enterobacter
species?

A Piperacillin/tazobactam
B Ampicillin/sulbactam

C Ceftazidime

D Cefoxitine

E Ciprofloxacin

When an organism is identified as producing an extended-
spectrum beta-lactamase, the efficacy of all third-genera-
tion cephalosporins, monobactams, extended-spectrum
beta-lactams, and beta-lactamase inhibitor combinations
are suspect. The cephamycins, which includes cefoxitin
and cefotetan, are effective agents. Other effective agents
include the carbapenems, fourth-generation cephalospor-
ins, the fluoroquinolones and the aminoglycosides. The
presence of broad-spectrum beta-lactamase is most often
found on isolates of Enterobacter, Citrobacter, and Serratia
organism. Klebsiella pneumonia that produces ESBL has
also been encountered.
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Answer: D

Bassetti, MLL, Righi, E., Fasce, R., et al. (2007) Efficacy of
ertapenem in the treatment of early ventilator-associated
pneumonia caused by extended-spectrum beta-
lactamase-producing organisms in an intensive care unit.
Journal of Antimicrobial Chemotherapy, 60 (2), 433—435.

Grgurich, PE., Hudcova, J., Lei, Y., et al. (2014)
Management and prevention of ventilator-associated
pneumonia caused by multidrug-resistant pathogens.
Expert Review of Respiratory Medicine, 6 (5), 533—-555.

8 Which one of the following organisms may be effec-
tively treated by removal of the catheter alone?
A Enterococcal species
B Klebsiella pneumonia
C Candida albicans
D Staphylococcus aureus
E Pseudomonas spp

There are several important issues to consider when
treating catheter-related bloodstream infection. Staph
epidermidis is often a contaminant, however, when it is
responsible for bloodstream infection, it tends to behave
in non-virulent manner. Thus, it usually can be treated
by removing the catheter with or without the addition of
a short course of antibiotics.

Answer: A

Pérez Parra, A., Cruz Menarquez, M., Pérez Granda, M.].
(2010) A simple educational intervention to decrease
incidence of central line-associated bloodstream
infection (CLABSI) in intensive care units with low
baseline incidence of CLABSI. Infection Control and
Hospital Epidemiology, 31 (9), 964—967.

Pronovost, P, Needham, D., Berenholtz, S., et al. (2006)
An intervention to decrease catheter-related
bloodstream infections in the ICU. New England Journal
of Medicine, 355 (26), 2725-2732. Erratum in: New
England Journal of Medicine (2007) 356 (25), 2660.

9 Which antifungal has excellent CSF penetration for
treatment of cryptococcal meningitis?
A Capsofungin
B Fluconazole
C Itraconazole
D Ketoconazole
E Clotrimazole

The azole antifungals work by inhibiting the activity of
lanosterol demethylase, blocking the production of
fungal cell walls. As opposed to amphotericin B, which
is fungicidal, these agents are fungistatic. The most
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common side effect of azoles is hepatic dysfunction, result-
ing in elevation of transaminases. Fluconazole, the most
widely used of the azoles, has excellent activity against
most of the Candida species. Although its widespread use
has made resistance among the Candida species common,
it remains first-line therapy for invasive candidiasis. It has
a great bioavailability and can easily penetrate the CSE.
Fluconazole can be used in central nervous system infec-
tion including those caused by Cryptococcus species.

Answer: B

Menichetti, F., Fiorio, M., Tosti, A., et al. (1996) High-dose
fluconazole therapy for cryptococcal meningitis in
patients with AIDS. Clinical Infectious Diseases, 22 (5),
838-840.

Van der Horst, C.M., Saag, M.S., Cloud, G.A., et al. (1997)
Treatment of cryptococcal meningitis associated with
the acquired immunodeficiency syndrome. New England
Journal of Medicine, 337 (1), 15-21.

10 A patient with large-cell lung cancer presents to the
ED with a fever 102°F and a non-productive cough.
The patient is on a chemotherapy regimen and her
WBC is 0.4 cells/mm*. Which of the following will be
the best treatment regimen?

A Antibiotic double-coverage for gram-negative
bacteria

B Empiric antifungal therapy

C Removal of any long-term catheters

D Continuation of antibiotic therapy until resolu-
tion of neutropenia

E Empiric antiviral therapy

Neutropenia represents a common complication of
chemotherapeutic agents. An absolute neutrophil count
less than 500 /mm?® places patients at greater risk of
infection. Anaerobic and gram-negatives bacteria aren’t
the most common pathogens in the neutropenic popu-
lation and include Enterobacter coli, Klebsiella and
Pseudomonas. While empiric combination antibiotic
therapy may seem reasonable in this condition, no stud-
ies have proven a mortality benefit over monotherapy. In
general, if fever persists, then therapies are continued
during the course of neutropenia to prevent break-
through bacteremia. If the cause is identified, 10-14 days
of therapy is usually sufficient. If no source is identified,
therapy is stopped once the absolute neutrophil count
exceeds 1000 cells/ul. or fever resolves. Neutropenic
patients who've failed to improve despite empiric antibi-
otic therapy may require the addition of antifungal ther-
apy within 4-7 days. Catheters do not necessarily need
to be removed in febrile neutropenic patients if there is
no evidence of infection.

Answer: D

Anaissie, E.J., Vartivarian, S., Bodey, G. P, et al. (1996)
Randomized comparison between antibiotics alone and
antibiotics plus granulocyte-macrophage colony-
stimulating factor (Escherichia coli-derived) in cancer
patients with fever and neutropenia. The American
Journal of Medicine, 100 (1), 17-23.

Paul, M., Yahav, D., Fraser, A., and Leibovici, L. (2006)
Empirical antibiotic monotherapy for febrile
neutropenia: systematic review and meta-analysis of
randomized controlled trials. Journal of Antimicrobial
Chemotherapy, 57 (2): 176—189.

11 While working on his farm an 18-year-old man lac-
erates his forearm on a rusted iron fence. Which one
of the following is correct regarding tetanus?

A Tetanus is a disease of the young with most cases
occurring in young adults under the age of 20
years

B The severity of illness is greater if the incubation
period is short

C The tetanus toxin is carried by anterograde
axonal transport where it promotes neuronal
transmitter release

D Neuromuscular blockade is first-line therapy to
control severe muscle rigidity

E The wound needs to only be irrigated and closed

Tetanus, a fatal disease, is caused by the exotoxin of
Clostridium tetani. While common in less developed
countries, tetanus vaccine has made the disease extremely
rare in the USA, where it has become a disease of adults.
Vaccination eliminates the likelihood of disease. The
median time to disease onset is approximately 6 days.
The exotoxin travels to the peripheral motor neurons by
retrograde axonal transport and blocks inhibitory
impulses, causing prolonged muscle spasms. This patient
should be admitted to the intensive care unit and initial
treatment should include human tetanus immunoglob-
ulin and extensive wound debridement. Supportive
measures such as mechanical ventilation should be
implemented if needed. Following these initial steps,
control of muscle hypertonicity with benzodiazepines is
preferred.

Answer: B

Rhee, P, Nunley, M.K., Demetriades, D., et al. (2005)
Tetanus and trauma: a review and recommendations.
The Journal of Trauma, 58 (5), 1082—1088.

Talan, D.A. (2004) Tetanus immunity and physician
compliance with tetanus prophylaxis practices among
emergency department patients presenting with
wounds. Annals of Emergency Medicine, 43 (3), 305-314.



12 Which of the following is NOT a common causative
organism for ventilator-associated pneumonia?
A MRSA
B Pseudomonas
C Enterobacter
D Mycoplasma
E Legionella

Pseudomonas and MRSA are the two most common
organisms for ventilator-associated infections (VAP).
Hence, in mechanically ventilated patients at risk for
VAP, empiric antibiotic coverage should generally cover
these organisms (i.e., vancomycin and pipercillin-tazo-
bactam), especially if ventilated greater than 72 hours,
until culture results are available. Other gram-negative
organisms such as Acinetobacter and Enterobacter are
also common. Mycoplasma is not a common VAP organ-
ism. Legionella pneumophila are nutritionally fastidious,
intracellular bacilli, gram-negative organisms. Infection
with Legionella is associated with exposure to artificial
water systems, condensers, and respiratory therapy
equipment. Use of PCR as a rapid and specific diagnostic
method for Legionella infection overcame the long cul-
ture time needed for its growth (3—5 days) and the need
of media supplemented with iron and cysteine as well as
difficult colonial identification in mixed cultures.

Answer: D

Grossman, R.F. and Fein, A. (2000) Evidence-based
assessment of diagnostic tests for ventilator-associated
pneumonia. Chest, 117 (4, suppl 2), 177S-181S.

Topley, W. and Wilson, S. (2008) Topley and Wilson’s
Microbiology and Microbial Infections, 10th edn.,
Hodder and Arnold, London.

13 A 26-year-old man presents to the ED with a 3-day
history of fever and increasing fatigue and malaise.
Vital signs are temperature 101.9°E heart rate 125
beats/minute, RR 30 breaths/minute and BP 70/30
mm Hg. His exam is notable for lethargy with evi-
dence of cellulitis and blebs on his extremities. His
skin is flushed and warm and his pulses are 2+. Lung
exam reveals rales bilaterally. He is intubated,
receives 1 liter of normal saline and dopamine is
started at 8 ug/kg/min. He is then transferred to the
ICU. As you evaluate him, his heart rate is 140
beats/minute and his BP is 60/35 mm Hg. You order
another liter NS bolus with no effect on heart rate or
blood pressure. What is the most appropriate ther-
apy at this time?

A Vasopressin
B Methylprednisolone
C Increase dopamine to 20 mcg/kg/min
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D Norepinephrine
E Hypertonic saline

This patient has septic shock with evidence of “warm” or
vasodilatory shock on physical exam. He has already
received 60 cc/kg NS and appears to be fluid refractory at
this time. While it would be reasonable to increase the
dopamine infusion, the most appropriate choice would
be to order a vasoconstrictive agent such as norepine-
prhine in order to improve blood pressure and perfusion.
Dopamine has fallen out of favor due to potential
immunomodulatory effects, reliance on endogenous
catecholamines, tachyarrhythmias, and so on.

Answer: D

Avni, T, Lador, A., Lev, S., et al. (2015) Vasopressors for
the treatment of septic shock: systematic review and
meta-analysis. PLoS One, 10 (8): €0129305.

Dellinger, R.P. (2013) Guidelines for management of severe
sepsis and septic shock. Intensive Care Medicine, 39 (2),
165-228.

14 A 25-year-old woman is admitted to the ICU with 2
days of fever, vomiting, and increasing lethargy. She
has a recent laceration on her leg with evidence of
warmth and tenderness at the site. Her vitals are:
temperature 1 03°E heart rate 128 beats/minute, BP
74/45 mm Hg, RR 30 breaths/minute. She has cool
extremities and diminished pulses. Which of the fol-
lowing statements is most accurate?

A There is up-regulation of adrenergic receptors

B Cytokines do not induce myocardial suppression

C This patient suffers primarily from vasomotor
paralysis

D Sepsis induces abnormalities in the cardiomyo-
cyte, leading to cardiovascular dysfunction

E Albumin is better than NS as first line
resuscitation

This patient has evidence of septic shock, presenting pri-
marily with “cold” shock, which typically indicates some
degree of cardiovascular dysfunction. This is thought to
be sepsis-induced and involves down-regulation of adr-
energic pathways, cytokine mediated cardiomyocyte
dysfunction, and impaired intracellular Ca** trafficking.

Answer: D

Avni, T, Lador, A., Lev, S., et al. (2015) Vasopressors for
the treatment of septic shock: systematic review and
meta-analysis. PLoS One, 10 (8): €0129305.

Dellinger, R.P. (2013) Guidelines for management of severe
sepsis and septic shock. Intensive Care Medicine, 39 (2),
165-228. February 2013, Volume 39, Issue 2, pp 165-228
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15  Which of the following therapeutics has been found
to be effective in improving outcomes with sepsis?
A Activated protein C
B Steroids
C Early administration of antibiotics
D Albumin boluses
E Trendelenburg positioning

Of the choices given, only early antibiotics (7% increased
mortality per hour delay) has been shown to have a signifi-
cant impact on outcomes with sepsis. PROWESS and
RESOLVE demonstrated no significant improvement
with activated protein C, CORTICUS showed no signifi-
cant differences with use of hydrocortisone, and the SAFE
study revealed no differences between albumin vs. normal
saline (and may worsen outcomes in patients with TBI).

Answer: C

Dellinger, R.P. (2013) Guidelines for management of severe
sepsis and septic shock. Intensive Care Medicine, 39 (2),
165-228.

de Groot, B., Ansems, A., Gerling, D.H.,, et al. (2015) The
association between time to antibiotics and relevant
clinical outcomes in emergency department patients
with various stages of sepsis: a prospective multi-center
study. Critical Care, 19 (1), 194.

16 A 67-year-old man with a history of chronic obstruc-
tive 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 p2 stimulants. Due to a severe ileus and
gastric intolerance, 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 60
000 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 cathe-
ters and begin intravenous (IV) fluconazole

C Remove, culture, and replace all vascular cathe-
ters and begin IV amphotericin

D Remove, culture, and replace all vascular cathe-
ters; replace urinary catheter; and begin ampho-
tericin bladder irrigations

E Repeat the blood and urine cultures and observe
the patient

The risk factors for Candida intravascular infection
include use of broad-spectrum antibiotics, total paren-
teral nutrition, and immunosuppressive therapy. Because
a single positive blood culture is highly predictive of sys-
temic candida infection, it should never be considered a
contaminant. The initial treatment of Candida infec-
tions includes removal of all possible foci of infection,
including removal of intravascular lines. Candidemia
may resolve spontaneously after removal of intravascular
catheters. However, increasing evidence suggests that
metastatic foci of infection may develop in some
patients even after catheter removal and may manifest
as endophthalmitis, endocarditis, arthritis, or meningi-
tis. Therefore, all critically ill patients with candidemia
should be regarded as having systemic infection and
should be treated accordingly. Fluconazole and ampho-
tericin demonstrate similar effectiveness in treating can-
didemia in patients without neutropenia and without
major immunodeficiency. However, both in vitro and
clinical data have demonstrated C. krusei to be intrinsi-
cally resistant to fluconazole. Prolonged bladder cathe-
terization 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 paren-
chymal 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 blad-
der irrigations prevent infections in colonized patients.

Answer: C

Fisher, ].F., Newman, C.L., and Sobel, ].D. (1995) Yeast in
the urine: solutions for a budding problem. Clinical
Infectious Diseases, 20, 183—189.

Rex, J.H., Bennett, J.E., Sugar, A.M.,, et al. (1994) A
randomized trial comparing fluconazole with
amphotericin B for the treatment of candidemia in
patients without neutropenia. New England Journal of
Medicine, 331, 1325-1330.

Rex, J.H., Pfaller, M.A., Barry, A.L., et al. (1995) Antifungal
susceptibility testing of isolates from a randomized,
multicenter trial of fluconazole versus amphotericin B as
treatment of nonneutropenic patients with candidemia.
Antimicrobial Agents and Chemotherapy, 39, 40—44.

17 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 car-
diac output

D Continuous infusion at low doses reduces the cat-
echolamine infusion requirement

E Is the first line vasopressor for septic shock

Vasopressin is a peptide synthesized in the hypothala-
mus and released from the posterior pituitary.
Vasopressin produces a wide range of physiologic
effects, including blood pressure maintenance. Acting
through vascular V1-receptors, the endogenous hor-
mone directly induces vasoconstriction in hypotensive
patients but does not significantly alter vascular smooth
muscle constriction in humans with normal blood pres-
sure. 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 of vaso-
pressin. 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 studies,
none evaluated outcomes such as length of stay or mor-
tality 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 analysis of patients with severe septic shock,
defined as requiring 15 pg/min of norepinephrine or its
equivalent, also did not demonstrate a mortality benefit.
However, patients with less severe septic shock (i.e.,
requiring 5-15 pg/min of norepinephrine) experienced
a trend toward lower mortality when treated with low-
dose (0.01-0.03 U/min) vasopressin.

Answer: D

Landry, D.W., Levin, H.R., Gallant, E.M., et al. (1997)
Vasopressin deficiency contributes to the vasodilation of
septic shock. Circulation, 95, 1122-1125.

Russell, J.A., Walley, K.R., Singer, J., et al. (2008)
Vasopressin versus norepinephrine infusion in patients
with septic shock. New England Journal of Medicine,
358, 877-787.

18 The role of the coagulation system in the sepsis-
induced inflammatory cascade includes:
A Up-regulating fibrinolysis.
B Blocking further inflammation.
C Down-regulating the anticoagulant system
D Up-regulating the anticoagulant system
E All of the above

Sepsis and the Inflammatory Response to Injury | 57

The coagulation system plays an important role in the
sepsis-induced inflammatory cascade. Coagulation is
activated by the inflammatory reaction 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 inflammation
can in turn contribute to further inflammation. A key to
determining survival in sepsis is to limit the damage
while retaining the benefits of localized clotting and con-
trolled clearance of pathogens.

A continuum of coagulopathy in sepsis has been sug-
gested, extending from the appearance of mild coagu-
lation 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. and Opal, S.M. (2009) Molecular biology of
inflammation and sepsis: a primer. Critical Care
Medicine, 37 (1), 291-304.

Dettenmeier, P., Swindell, B., Stroud, M., et al. (2003) Role
of activated protein C in the pathophysiology of severe
sepsis. American Journal of Critical Care, 12 (6),
518-524.

Dhainaut, J.F,, Shorr, A.F,, Macias, W.L., et al. (2005)
Dynamic evolution of coagulopathy in the first day of
severe sepsis: relationship with mortality and organ
failure. Critical Care Medicine, 33 (2), 341—-348.

19  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 regu-
lating the function of the microcirculation. The most
important compound produced is nitric oxide (NO), an
endogenous vasodilator (it is the mechanism by which
nitrate drugs work). Its major effects are to cause local
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vasodilatation and inhibition of platelet aggregation. NO
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 sys-
tem. There are two forms of the enzyme NOS, a consti-
tutive 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 NO,
causing widespread vasodilatation (due to loss of vaso-
motor tone) and hypotension, which is hyporeactive to
adrenergic agents.

NO has a physiological antagonist, endothelin-1, a
potent vasoconstrictor whose circulating 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 channels in
smooth muscle. The result of activation is increased per-
meability 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 vasopressin in early
sepsis, the cause and significance of which is unknown.

Answer: A

Jackson, W.E. (2000) Ion channels and vascular tone.
Hypertension, 35 (1 Pt 2), 173-178.

Quayle, ].M., Nelson, M.T., and Standen, N.B. (1997) ATP-
sensitive and inwardly rectifying potassium channels in
smooth muscle. Physiological Reviews, 77 (4), 1165-1232.
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Hemodynamic and Respiratory Monitoring

Stephen M. Welch, DO, Christopher S. Nelson, MD and Stephen L. Barnes, MD

1 A 35-year-old woman is involved in a high-speed
motor vehicle collision. Vital Signs: HR: 134, RR: 20,
BP: 70/30, O, Sat: 95%. She complains of pain in her
left upper quadrant. Two large-bore peripheral IV’s
are obtained. Two units of uncrossmatched packed
red blood cells are ordered and started. Focused
sonography was found to be grossly positive at the
perisplenic space. She is taken emergently for an
exploratory laparotomy. Which of the following
hemodynamic profiles would you expect if a PA
catheter were placed in this patient?

Central venous pressure (CVP); Right ventricular pres-
sure (RV); Pulmonary artery pressure (PA); Pulmonary
artery wedge pressure (PAWP); Aortic Pressure (AO);
Cardiac Index (CI); Systemic vascular resistance (SVR)
A CVP: 15, RV: 25/15, PA: 25/15, PAWP: 15, AO:
70/40, CI: 1.5, SVR: 1850
B CVP: 2, RV: 25/2, PA 20/6, PAWP: 6, AO: 70/40, CI:
3.7, SVR 750
C CVP: 15, RV: 30/15, PA: 25/10, PAWP 18, AO:
70/40, CI: 1.6, SVR: 1850
D CVP 4, RV: 25/4, PA: 25/10, PAWP 10, AO: 130/80,
CI: 3.5, SVR: 1000
E CVP2, RV: 20/2, PA: 20/4, PAWP: 4, AO: 70/40, CI:
1.8, SVR: 1850

In hypovolemic shock there is a significant decrease in
total blood volume which will decrease CVP, RV, PA,
PAWP, AO, and CI. The body will attempt to increase the
SVR to compensate for these changes to all of the hemo-
dynamic parameters. Answer A is suggestive of cardiac
tamponade. Answer B is suggestive of early septic shock.
Answer C is suggestive of cardiogenic shock. Answer D
is normal physiology. Understanding the physiologic
changes that can be seen in various types of shock is
essential to guide resuscitation efforts in the critically ill.

Answer: E

Rhodes, A. and Grounds, R.M. (2005) New technologies
for measuring cardiac output: the future? Current
Opinion in Critical Care, 11 (3), 224—-226.

Richard, C., Warszawski, J., Anguel, N., et al. (2003)
Early use of the pulmonary catheter and outcomes
in patients with shock and acute respiratory
distress syndrome: a randomized control trial.
Journal of the American Medical Association, 290,
2713-2720.

2and3 A 16-year-old cyanotic appearing man is
brought to the trauma bay by the fire department. He
was found to be unresponsive in his bedroom with an
unknown down time during a house fire. GCS cur-
rently is 8. His mother is at bedside and reports that
he has asthma for which he takes a rescue inhaler as
needed. She denies any knowledge of him smoking or
drinking. Rapid sequence intubation is performed
and a cuffed 7-0 endotracheal tube is placed with no
complications. Bronchoscopy is performed which
shows moderate carbonaceous sputum and erythema
in the distal and proximal bronchi. His oxygen satu-
ration is 94% (SpO,) measured by pulse oximetry.
Laboratory data shows a carboxyhemoglobin
(COHD) of 10%.

2 Which of the following is true in regards to this

patient’s oxygen saturation?

A His SpO, can more accurately be measured with
multi-wavelength CO-oximeter

B His SpO, is falsely low secondary to carboxy-
hemoglobin

C His SpO, saturation is normal for his bronchial
findings

D His SpO, saturation is falsely high secondary to his
asthma history

E His SpO, is appropriate at his time
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3 Several factors cause peripheral pulse oximetry moni-
tors to lose accuracy. Of all of the factors listed below,
which would result in a falsely high reading?

A Methemoglobin

B Severe anemia

C Glycohemoglobin Alc levels
D Sulfhemoglobin

E Venous congestion

Pulse oximetry measures peripheral arterial oxygen
saturation (SpO,) as a surrogate marker for tissue oxy-
genation. It has become the standard for continuous,
noninvasive assessment of oxygenation, such that it is
now known as the “fifth vital sign” Conventional pulse
oximeters use two light emitting diodes and a photode-
tector which measure oxygenated and deoxygenated
hemoglobin and correlate a numeric value via the
absorbance it detects. Deoxyhemoglobin absorbs light
maximally in the red band spectrum (600-750nm)
while oxyhemoglobin absorbs the infrared band (850-
1000nm). Multiple factors can affect the accuracy of
pulse oximetry monitors. Falsely elevated readings can
be caused by carboxyhemoglobin, glycohemoglobin
Alc, and sickle-cell anemia. Falsely low readings can be
caused by methemoglobinemia, sulfhemoglobinemia,
severe anemia, black/blue/green nail polish, motion
artifact, and venous congestion. CO-oximetry is a four
wavelength (or more) non-invasive monitoring system
that allows additional measurements of blood constitu-
ents. It not only measures oxygenated and deoxygen-
ated hemoglobin, as pulse oximetry does, but also
dyshemoglobins. These include carboxyhemoglobin
and methemoglobin.

Answer 2: A
Answer 3: C

Chan, E.D., Chan, M.M., and Chan, M.M. (2013) Pulse
oximetry: understanding its basic principles facilitates
appreciation of its limitations. Respiratory Medicine, 107
(6),789-799.

Jurban, A. (2004) Pulse oximetry. Intensive Care Medicine,
30 (11), 2017-2020.

4 A 28-year old woman is brought to the trauma bay
after being kicked in the left flank by her horse. The
incident happened approximately 30 minutes ago.
She currently has a GCS of 15 and complains of
severe left-sided back pain. Vital signs are as follows:
BP:87/61, HR: 122, RR: 28, O, SAT: 97% on room air.
FAST exam showed no fluid. Two-large bore periph-
eral IV’s were obtained during transport. She receives
1 unit of uncrossmatched packed red blood cells for

initial resuscitation and her blood pressure normal-
izes. A Foley catheter is placed and 200cc of frank
blood returns. A CT scan is performed with grade V
kidney injury being seen with active extravasation of
contrast from the left renal hilum. As the scan is com-
pleted her blood pressure drops to 64/30 and her
heart rate increased to 155. She is taken for emergent
laparotomy and left nephrectomy is performed.
Balanced transfusion is initiated, the patient remains
mechanically ventilated postoperatively and is
admitted to the SICU for postoperative resuscitation
and monitoring. Advanced minimally invasive hemo-
dynamic monitoring is being performed via radial
arterial line catheter including measurements of
stroke volume and stroke volume variability. What
percentage of stroke volume variability corresponds
to an adequate intravascular volume status?

A 5%

B 10%

C 20%

D 25%

E 30%

Stroke volume variability (SVV) is a phenomenon that
occurs naturally. Intrathoracic pressure changes during
inspiration and expiration cause the arterial pressure to
rise and fall due to changes in intrathoracic pressure.
Studies have consistently found that SVV >10% is asso-
ciated with fluid responsiveness. The normal range of
variation in spontaneously breathing patients have been
reported between 5-10 mm Hg. Normal SVV values for
patients that are mechanically ventilated ranged from
10 to 15%. When compared to traditional indicators of
volume status (i.e., heart rate, central venous pressure,
mean arterial pressure) SVV has been shown to have a
higher sensitivity and specificity when assessing intra-
vascular volume status.

Answer: B

Berkenstadt, H., Margalit, N. Hadani, M., et al. (2001)
Stroke volume variation as a predictor of fluid
responsiveness in patients undergoing brain surgery.
Anesthesia and Analgesia, 92 (8), 984—989.

Hofer, C.K., Senn, A., Weiber, L., and Zollinger, A.
(2008) Assessment of stroke volume variation for
prediction of fluid responsiveness using the modified
FloTrac and PiCCOplus system. Critical Care, 12 (3),
R82.

Reuter, D.A., Kirchner, A., Felbinger, T.W., et al. (2003)
Usefulness of left ventricular stroke volume variation to
assess fluid responsiveness in patients with reduced
cardiac function. Critical Care Medicine, 31 (5),
1399-1404.



5 A 71-year-old woman with coronary artery disease,
diabetes mellitus, chronic obstructive pulmonary dis-
ease, peripheral vascular disease and a 60-pack year
history of smoking is admitted to the ICU with severe
shock from a diagnosis of a necrotizing soft tissue
infection involving the left lower extremity. A wide
local excision was performed to remove the affected
area with application of a negative pressure dressing.
Intravenous fluid resuscitation and appropriate IV
antimicrobials are initiated. In relation to placement
of an arterial line catheter, which of the following does
not occur as the distance from the heart increases?

A The dicrotic notch becomes smaller
B The pulse pressure rises

C The systolic pressure rises

D The waveform narrows

E The diastolic pressure rises

Arterial catheters are commonly placed in critically ill
patients. In addition to continuous blood pressure anal-
ysis, other applications of an arterial catheter include
assessment of fluid responsiveness and estimation of
cardiac output. Pressure waves can vary depending on
the site cannulated. As the arterial pressure wave is con-
ducted away from multiple effects can be observed
including: the wave appears narrower, the dicrotic notch
becomes smaller, the perceived systolic and pulse pres-
sure rise and the perceived diastolic pressure falls. The
pulse pressure increases from the core to the periphery.
As the diameter of the artery narrows, the systolic pres-
sure becomes overestimated.

Answer: E

De Backer, D., Hennen, S., Piagnerelli, M., et al. (2005)
Pulse pressure variations to predict volume
responsiveness: influence of tidal volume. Intensive Care
Medicine, 31 (4): 517-523.

McGee, W.T., Horswell, J.L.., Calderon, J., et al. (2007)
Validation of a continuous, arterial pressure-based
cardiac output measurement: a multicenter, prospective
clinical trial. Critical Care. 11, R105

Parrillo, J. and Dellinger, R. (2007) Critical Care Medicine:
Principles of Diagnosis and Management in the Adult,
3rd edn, Mosby/Elsevier, Philadelphia, PA.

6 A morbidly obese 68-year-old woman with atrial
fibrillation, diabetes, and COPD presents to the
Emergency Department with a 7-day history of right
lower quadrant abdominal pain. Her medications
include warfarin, glucophage, and a daily multi-vita-
min. CT scan results are suggestive of perforated
appendicitis with periappendiceal abscess and a mild
amount of free intraperitoneal fluid. Her INR is 3.1 for

Hemodynamic and Respiratory Monitoring

which she receives a dose of prothrombin complex
concentrates (PCC) at 30 units/kg to facilitate nor-
malization. After this, the patient is taken urgently
to the operating room where open appendectomy is
performed. On HD#4 she begins to develop hypoten-
sion, tachycardia along with oxygen desaturations.
A chest x-ray is performed which suggests right lower
lobe consolidation. The presumptive diagnosis of
septic shock is made secondary to right lower lobe
pneumonia. To guide resuscitation a pulmonary
artery (PA) catheter is placed. As you are watching the
catheter pass from the right ventricle and into the pul-
monary artery which pressure do you expect to change
the most?

A Left atrial pressure

B Central venous pressure

C Systolic pressure

D Diastolic pressure

E None of these

As a PA catheter is being placed there are specific wave
form recordings that a clinician should be familiar with.
As the catheter is passed into the right atrium the pres-
sure recording resembles the central venous pressure
waveform. Next, the catheter will pass into the right ven-
tricle which will result in higher systolic pressure wave-
forms. As you continue to pass the catheter from the
ventricle and into the pulmonary artery a diastolic step-
up occurs. Prothrombin complex concentrates (PCC)
should be considered in patients who present with supra-
therapeutic INR and/or serious bleeding who require
rapid reversal of INR for surgery, especially if they have
cardiac disease. However, if the patient is hypovolemic
from third spacing due to sepsis, the use of FFP as vol-
ume replacement would be ideal to reverse the induced
coagulopathy as well as to treat hypovolemia with a natu-
ral colloid rather than crystalloid which does not stay
intravascular for long. Normal dosing ranges between
25-50 units/kg with INR reduction that can be seen as
early as 10 minutes after administration. Normalization
of INR is much faster with PCC compared to FFP infu-
sion. In this case where the patient has had this abscess
for 7 days the urgency may not be present.

Answer: D

Chatterjee, K. (2009) The Swan-Ganz catheters: past,
present, future. Circulation, 119, 147-152.

Cruz, K. and Franklin, C. (2001) The pulmonary artery
catheter: uses and controversies. Critical Care Clinics,
17 (2), 271-291.

Kelley, C.R. and Rabbani, L.E. (2013) Pulmonary-artery
catheterization. New England Journal of Medicine,
369, e35
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Khorsand, N, Lisette, G., Meijer, K., et al. (2013) A low
fixed dose of prothrombin complex concentrate is cost
effective in emergency reversal of vitamin K antagonists.
Haematologica, 98 (6), e65—€67.

7 The patient from the previous question begins to show
signs of cardiac decompensation with depressed con-
tractility. The patient is started on ionotropic support
with dobutamine. What is the mechanism of action of
the vasodilatory effects seen with this medication?

A Alpha-1 stimulation
B cAMP activation

C Alpha-2 stimulation
D Beta-1 stimulation
E Beta-2 stimulation

Dobutamine stimulates myocardial betal-adrenergic
receptors primarily by the (+) enantiomer and some
alphal receptor agonism by the (-) enantiomer, resulting
in increased contractility and heart rate, and stimulates
both beta2- and alphal-receptors in the vasculature.
Although beta2 and alphal adrenergic receptors are also
activated, the effects of beta2 receptor activation may
equally offset or be slightly greater than the effects of
alphal stimulation, resulting in some vasodilation in
addition to the inotropic and chronotropic actions.
Alphal receptor activation causes vasoconstriction of
blood vessels of the skin, kidney, and brain while also
causing contraction of smooth muscles of the ureter, vas
deferens, urethral sphincter, and ciliary body. Alpha2
receptor activation causes insulin release and stimulates
glucagon release. Betal receptors activation causes
increased heart rate (+ chronotropic effect), increased
contraction (+ inotropic effect), increased renin release,
and ghrelin. Beta2 receptor activation causes vasodila-
tion along with smooth muscle relaxation of the bronchus,
bronchioles, detrusor and uterine muscles. Additionally,
its activation inhibits insulin release while stimulating
gluconeogenesis and glycolysis.

Answer: E

Leier, C.V. (1988) Regional blood flow responses to
vasodilators and inotropes in congestive heart failure.
American Journal of Cardiology, 62 (8), 86E-93E.

Puymirat, E., Fagon, Y., Aegerter, P., et al. (2016)
Cardiogenic shock in intensive care units: evolution of
prevalence, patient profile, management and outcomes,
1997-2012. European Journal of Heart Failure, 19 (2),
192-200.

8 A 73-year-old man is admitted to the SICU after open
cholecystectomy secondary to gangrenous cholecysti-
tis. He is becoming increasingly hypotensive with his

mean arterial pressures ranging between 40—45mm

Hg. Fluid resuscitation is initiated with only a tran-

sient response. It is decided to place a central venous

catheter (CVC) to begin an infusion of vasoactive

medication(s). Which of the following is associated

with best practice guidelines for CVC placement?

A Chlorhexidine skin antisepsis before insertion and
during dressing changes

B Insertion with real-time ultrasound guidance when
applicable

C Time-out prior to procedure

D Safe disposal of sharps

E All of the above

Catheter-related blood stream infections (CRBSI) are
common with approximately 80 000 CRBSI per year.
Guidelines for prevention of CRBSI were developed by
the Centers for Disease Control and Prevention. The
best practices guidelines include hand hygiene, use of full
barrier precautions, sterile dressing placement, optimal
catheter site selection, chlorhexidine skin antisepsis,
insertion with real-time ultrasound guidance, mainte-
nance of catheter site, and education of healthcare
personnel.

Answer: E

Marschall, J., Mermel, L.A., Classen, K.M, et al. (2008)
Strategies to prevent central line-associated bloodstream
infections in acute care hospitals. Infection Control and
Hospital Epidemiology, 29 (suppl 1), S22—S30. Erratum
in: Infection Control and Hospital Epidemiology, 30 (8),
815.

O’Grady, N.P, Alexander, M., Burns, L.A,, et al. (2011)
Healthcare Infection Control Practices Advisory
Committee (HICPAC). Guideline for the prevention of
intravascular catheter-related infections. Clinical
Infectious Diseases, 52 (9), 1087—-1099.

9 A pulmonary artery catheter uses the thermodilution
principle for determining cardiac output. Which
cardiac abnormality may produce a falsely elevated
cardiac output reading?

A Mitral prolapse

B Aortic stenosis

C Left-to-right intracardiac shunt
D Aortic regurgitation

E Mitral stenosis

The thermodilution principle predicts that, when an
indicator substance is added to a stream of flowing blood,
the rate of blood flow is inversely proportional to the
mean concentration of the indicator at a downstream
site. In the case of thermodilution, the indicator is



approximately 10 mL of iced or room temperature saline
or dextrose that is cooler than blood. The cold fluid
mixes in the right heart chambers and the cooled blood
flows into the pulmonary artery. The cooled blood flows
past the thermistor on the distal end of the catheter
which records the change in temperature over time. This
is recorded as a temperature/time curve with the area
under the curve being inversely proportional to the rate
of blood flood in the pulmonary artery. This flow is
equivalent to the cardiac output. Right-to-left and left-
to-right intracardiac shunts can produce falsely
decreased or elevated cardiac output measurements
with this technique by attenuating the peak of the tem-
perature-time curve. The blood going from the left heart
through the septal defect will decrease the temperature
gradient and make it seem that the cardiac output in the
right ventricle is higher than what is seen past the aortic
valve which is the true cardiac output.

Answer: C

Kovacs, G., Avian, A., Olschewski, A., and Olschewski, H.
(2013) Zero reference level for right heart
catheterization. The European Respiratory Journal, 42
(6), 1586—1594.

London, M.]., Moritz, T.E., Henderson, W.G., et al. (2002)
Standard versus fiberoptic pulmonary artery
catheterization for cardiac surgery in the Department of
Veteran Affairs: a prospective, observational,
multicenter analysis. Anesthesiology, 96 (4), 860—870.

Sandham, J.D., Hull, R.D., Brant, R.F, et al. (2003) A
randomized, controlled trial of the use of pulmonary
artery catheters in high-risk surgical patients. New
England Journal of Medicine, 348, 5-14.

10 A 41-year-old man was admitted to the ICU five
days ago due to injuries sustained in a roll-over
motor vehicle collision. He was intubated upon
arrival due to a Glasgow Coma Scale (GCS) of 5.
Injuries identified included a right mid-shaft femur
fracture, bilateral pulmonary contusions, right sided
superior/inferior pubic rami fractures and diffuse
axonal injury with associated cerebral contusion.
On HD#6 he begins to have elevated temperatures
38.8 °C. Blood, urine, sputum, and catheter cultures
were obtained. He is found to have a catheter-related
blood stream infections (CRBSI). In regards to
CRBSI’s which of the following is true?

A CRBSI is most commonly caused by Gram-
positive cocci that are catalase-positive and
coagulase-negative

B CRBSI is most commonly caused by Gram-
positive cocci that are catalase-positive and
coagulase-positive

Hemodynamic and Respiratory Monitoring

C CRBSI is most commonly due to Gram-negative rods

D CRBSI is mostly commonly due to Gram-positive
rods

E CRBSI is caused equally by gram-positive and
gram-negative bacteria

CRBSI are an important cause of hospital-acquired
infections associated with morbidity, mortality, and cost.
The most common organism associated with catheter-
related septicemia is Staphylococcus epidermidis (27%);
Staphylococcus aureus (24%), Candida species (17%),
Klebsiellsa (11%) or Enterobacter (11%), Serratia (5%),
Enterococcus (5%), and others (10%). Staphylococcus epider-
midis is catalase-positive and coagulase-negative, answer
A. They often implant on catheters or other surgical
implants due to their ability to form biofilms that grow on
these devices. Staphylococcus aureus is catalase-positive
and coagulase-positive, answer B. CRBSI is not commonly
caused by rod-shaped bacteria or gram-negative bacteria.

Answer: A

Leonidu, L. and Gogos, C. (2010) Catheter-related
bloodstream infections: catheter management according
to pathogen. International Journal of Antimicrobial
Agents, 36 (Suppl. 2), S26-S32.

O’Grady, N.P, Alexander, M., Burns, L.A, et al. (2011)
Healthcare Infection Control Practices Advisory
Committee (HICPAC). Guideline for the prevention of
intravascular catheter-related infections. Clinical
Infectious Diseases, 52 (9), 1087—-1099.

Salyers, A.A. and Whitt, D.D. (2002). Bacterial
Pathogenesis: A Molecular Approach, 2nd edn, ASM
Press, Washington, DC.

11 A 67-year-old man is admitted to the ICU after an
elective right hemicolectomy secondary to non-
obstructing cecal adenocarcinoma found on routine
colonoscopy 3 weeks prior. He has a history of conges-
tive heart failure and has smoked a half of a pack of
cigarettes every day for the past 30 years On HD#3
he begins to experience shortness of breath and con-
fusion. An ECG is ordered and shows ST elevation in
leads V4, V5, and V6 with reciprocal changes in lead
1l and aVF. He is taken to the cardiac catheterization
lab where percutaneous coronary intervention (PIC)
is performed. A PA catheter was also placed prior to
return to the ICU. Which of the following is an abso-
lute contraindication for PA catheter placement?

A Right atrial mass

B Coagulopathy

C Atrial fibrillation

D History of bilateral carotid endarterectomy
E Cardiac pacemaker
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There are multiple indications and contraindications
for PA catheter placement. Indications for placement
include shock (cardiogenic, septic, traumatic), new-onset
pulmonary hypertension, large scale fluid resuscitation,
cardiovascular surgery, and acute MI just to name a few.
Contraindications to PA catheter placement include
both absolute and relative. Absolute contraindications
include infection at insertion site, right atrial/ventricular
mass, and Tetralogy of Fallot. Relative contraindications
include arrhythmias, coagulopathy, and newly inserted
pacemaker wires. Potential sites for insertion include
internal jugular, subclavian, and femoral approaches. PA
catheters provide useful information but studies have
not shown it to be useful to improve outcomes because
the interpretation of the information is not always
correct.

Answer: A

Hadian, M. and Pinsky, M. (2006) Evidence-based review
of the use of the pulmonary artery catheter: impact data
and complications. Critical Care, 10 (Suppl 3), S8.

Koo, K.X,, Sun, J.C., Zhou, Q., et al. (2011) Pulmonary
artery catheters: evolving rates and reasons for use.
Critical Care Medicine, 39 (7), 1613-1618.

12 Which of the following parameters is the most
reliable indicator that an intubated patient will be
successfully be liberated from the ventilator?

A Patient following commands when sedation is
held

B Tidal Volume

C Rapid Shallow Breathing Index

D Negative Inspiratory Force

E Respiratory Rate

The rapid shallow breathing index (RSBI) is the ratio of
respiratory frequency to tidal volume (f/Vr). Patients
who cannot tolerate independent breathing tend to
breathe rapidly and shallow. RSBI scores less than 105
correlates with a patient having approximately an 80%
chance of being successfully extubated, whereas an
RSBI greater than 105 virtually guarantees weaning
failure. The other parameters mentioned have not
been shown alone to be a reliable marker for successful
ventilator liberation. Though RSBI scoring has been
shown as a useful tool when attempting to liberate a
patient from ventilator support; a clinician should
always use clinical judgment when extrapolating its
data. If the RSBI is above 105 it will indeed predict fail-
ure but the clinician should understand what that
means. As an example, to get a score of greater than
100; if the tidal volume is less than 250 cc, that means
that the respiratory rate is greater than 25 and patients

should not be extubated if the tidal volume is that low
in most instances. In another example, if the patients’
tidal volume is 500 cc, to result in a RSBI of 100, the
patient has to be breathing more than 50 times a min-
ute. 50/0.5 L equals 100. Obviously a patient should not
be extubated if the RR is that high.

Answer: C

Esteban, A., Frutos, F., Tobin, M.],, et al. (1995)

A comparison of four methods of weaning patients from
mechanical ventilation. Spanish Lung Failure
Collaborative Group. New England Journal of Medicine,
332 (6), 345-350.

McConville, J.F. and Kress, J.P. (2012) Weaning patients
from the ventilator. New England Journal of Medicine,
367 (23), 2233-2239.

Tanios, M.A., Nevins, M.L., Hendra, K.P,, et al. (2006)

A randomized, controlled trial of the role of weaning
predictors in clinical decision making. Critical Care
Medicine, 34 (10), 2530-2535.

13  Emergency medical services (EMS) is called to the
home of a 67-year old man who is experiencing a
severe asthma exacerbation. He ultimately requires
intubation on the way to the hospital. After intuba-
tion, the patient’s oxygen saturation continues to
decline, he suffers pulseless electrical activity (PEA),
cardiac arrest, and expires despite aggressive resus-
citation attempts. What is the likely cause of this
patient’s cardiac arrest?

A Pulmonary Embolism

B Myocardial Infarction

C Cerebrovascular Event

D Tension Pneumothorax

E Misplaced Endotracheal Tube

Unrecognized misplaced intubation (UMI) is defined
as the placement of an endotracheal tube in a location
other than the trachea that is unrecognized by the cli-
nician. UMI has been extensively documented in the
emergency medical services (EMS) literature, with
reported rates ranging from 7 to 25%. Whether an
endotracheal tube is misplaced initially, dislodged en-
route to the hospital or within the hospital can be of
disastrous consequence. End-tidal CO; monitoring
can help identify problems immediately after intuba-
tion and before critical hypoxemia becomes manifest.
This gives the clinician an opportunity to rectify the
problem before the patient suffers adverse conse-
quences. Additionally, the concept of end-tidal CO,
monitoring is easily taught and well understood by
EMS personnel.

Answer: E



Gravenstein, ].S., Jaffe, M.B., and Paulus, D.A. (eds) (2011)
Capnography, 2nd edn, Cambride University Press, New
York City.

Silvestri, S., Ralls, G.A., Krauss, B., et al. (2005) The
effectiveness of out-of-hospital use of continuous end-
tidal carbon dioxide monitoring on the rate of
unrecognized misplaced intubation within a regional
emergency medical services system. Annals of
Emergency Medicine, 45, 497—503.

14and 15 A 68-year-old woman presents to the
emergency department with severe abdominal pain,
obstipation, distension, and a 30-pound weight loss.
CT scan reveals a distal colonic obstruction at the
level of the rectosigmoid junction. She has no signifi-
cant past medical history and has never undergone
colonoscopic evaluation of her colon. She has diffuse
distension and left lower quadrant focal peritonitis
on physical examination. The patient is taken
urgently for exploratory laparotomy at which time
a left hemi-colectomy with end colostomy is per-
formed. Laboratory analysis post-operatively is
significant for a white blood cell count of 15.2,
hemoglobin 9.6, albumin 2.9, INR 1.7 and creati-
nine of 2.4mg/dL. Vitals signs reveal heart rate: 97,
respiratory rate: 20, and blood pressure: 162/90.
Cardiac output was 6 when measured by peripheral
pulse wave evaluation. Arterial blood gas is per-
formed which shows a pH: 7.37, PaCOy: 42, HCOj3-:
22, SaOy: 95%, PaO,: 90, Base Deficit: -1.1.

14 Oxygen Delivery (mL/min/m):

A Can be calculated by MAP x (1.34 x Hbg x PaQ,)
+(.003 x Sa0,) x 10

B Can be calculated by MAP x (1.34 x Hbg x SaO,)
+(.003 x PaO,) x 10

C Can be calculated by CO x (1.34x Hbg x SaO,)
+(.003 x PaO,) x 10

D Can be calculated by CO x (1.34 x Hbg x PaO,)
+(.003 x Sa0,) x 10

E Can be calculated by CO x (1.34 x Hbg x PaO,)
+(.003 x Hbg + Sa0,) x 10

15 What is the oxygen delivery (DO,) for this patient?
A 450mL/min
B 550mL/min
C 690mL/min
D 760mL/min
E 1660mL/min

Oxygen delivery (DO) is the volume of oxygen delivered
to the systemic vascular bed per minute and is the prod-
uct of cardiac output (CO) and arterial oxygen concen-
tration (Ca0,). CaO,, or arterial oxygen content, can be
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defined as the volume (mL) of oxygen contained in
100 mL of blood. Three measurements are truly needed
to calculate the DOy: cardiac output (CO), hemoglobin
concentration, and arterial O, saturation (SaO,). Therefore,
DO, =CO x CaCO, x 10 where CaCO,=(1.34x Hbg x
Sa0, +(0.003 x PaO,). A multiplier of 10 is used to con-
vert the CaO, from mL/dL to mL/L. A normal healthy
adult at rest should have a DO, of 900—1000 mL/min.
Another option is to calculate the oxygen delivery index
(DO,I) by substituting the cardiac index (CI) in place of
cardiac output (CO). This takes into account the body
surface area (BSA) of the individual. A normal DO,I
ranges from 500—-600mL/min/m* The constant 1.34
represents the amount of oxygen bound to each gram of
hemoglobin. The constant 0.003 represents the dissolved
hemoglobin in the blood. Under normal atmospheric
pressure, the addition of (0.003 x PaO,) is a small varia-
ble that is often ignored. The largest increase in the
delivery of oxygen is achieved through increasing
cardiac output (CO). It is essential for a practitioner to
understand oxygen delivery and how it can be optimized
when providing adequate hemodynamic support in the
critically ill patient.

Answer 14: C
Answer 15: D

Marino, P. (2014) The ICU Book, 4th edn, KluwerHealth/
Lippincott Williams & Wilkins, Philadelphia, PA.

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

16 A 82-year-old woman is seen in the emergency
department with a sudden onset of abdominal pain
that began approximately three hours ago. She has a
past medical history of peripheral vascular disease,
coronary artery disease, hypertension, hyperlipi-
demia, and diabetes. Her BMI is calculated to be 37.
A CT was performed which showed diffuse thicken-
ing of a large portion of her small bowel. On physical
examination she has guarding and rebound tender-
ness diffusely. Her vital signs include blood pressure:
94/62, heart rate 122, respiratory rate: 37, and oxy-
gen saturation: 94% on 2L nasal cannula. Her ABG
values are as follows: pH 7.19, CO, 16, PO, 70,
HCOs™ 11, BE: -18. A laparotomy is performed and
30 cm of distal ileum is resected due to full thickness
ischemia. She requires two vasoactive medications
intra-operatively to maintain a mean arterial pres-
sure>60. The patient has is transferred to the SICU.
Normalization of which of the following parameters
is most consistent with successful fluid resuscitation
in the critically ill?
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A Blood Pressure

B Hemoglobin

C Lactate

D Serum creatinine
E Respiratory Rate

Lactic acid is a product of cellular metabolism that can
accumulate when cells lack sufficient oxygen to undergo
aerobic metabolism. Lactic acidosis may be caused by
numerous underlying acute or chronic medical condi-
tions. Adding lactate determinations to oxygen transport
monitoring provides a more complete assessment of tis-
sue oxygenation. Lactate clearance has been a highly
studied topic as of recent to guide as a resuscitation end-
point. Studies have shown that patients who have a
decrease by 20% (from the admission value) every 2
hours for the initial 8 hours required less inotropic sup-
port, less ventilator days, and ICU days than patients
who did not meet the parameter. Additionally, lactate
clearance early in the hospital course may indicate a res-
olution of global tissue hypoxia and is associated with
decreased mortality rates.

Answer: C

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), 752-761.

Jones, A. (2013) Lactate clearance for assessing response to
resuscitation in severe sepsis. Academic Emergency
Medicine, 20 (8), 844—847.

Marty, P, Roquilly, A., Vallée, F, et al. (2013) Lactate clearance
for death prediction in severe sepsis or septic shock
patients during the first 24 hours in intensive care unit: an
observational study. Annals of Intensive Care, 3 (1), 1-7.

17 A 27-year old man is injured after falling 18 feet
off of a ladder. He suffers a grade 3 splenic lacera-
tion, a grade 2 liver laceration, multiple left sided
rib fractures, a right femur fracture and a left-sided
subdural hematoma without mass effect. Chest x-ray
is negative. He is initially hypotensive but responds
to resuscitation and has HR of 90, blood pressure
110/70, SaO, 95% with a respiratory rate of 16. He is
admitted to the SICU. A left radial arterial catheter
is placed along with a right subclavian central
venous catheter. Central venous pressure (CVP) is
transduced to help guide resuscitation. One hour
after admission his CVP increases steadily increases
from 4 to 20. What is the most likely cause?

A Hypovolemia
B Deep Inhalation

C Distributive shock
D Tension Pneumothorax
E Subclavian vein insertion site

Central venous pressure (CVP) is the blood pressure in
the vena cava and reflects the amount of blood returning
to the heart. CVP provides a good approximation of
right atrial pressure and to right ventricular end diastolic
pressure. Thus, CVP is equivalent to the right-sided
filling pressure. Normal values vary between 4 and 12 cm
H,O. In this scenario the patient has poly-trauma with
increasing CVP. While there can be many reasons for
high CVP the acute rapid rise is most likely due to a ten-
sion pneumothorax in this scenario and is the only choice
that would cause a rise in CVP. The other choices pro-
vided, hypovolemia, deep inhalation and distributive
shock are factors that cause a decrease in CVP. The
insertion site will not impact CVP.

Answer: D

Magder, S. (2006) Central venous pressure monitoring.
Current Opinion in Critical Care, 12 (3), 219-227.

Westphal, G.A., Silva, E., Caldeira, EM,, et al. (2006)
Variation in amplitude of central venous pressure curve
induced by respiration is a useful tool to reveal fluid
responsiveness in postcardiac surgery patients. Shock,
26 (2), 140—145.

Weyland, A. and Grune, F. (2009) Cardiac preload and
central venous pressure. Anaesthesist, 58 (5), 506—-512.

18 A 30-year old man is involved in a lateral impact
motor vehicle collision. He suffers multiple orthope-
dic injuries and requires intubation due to decreased
GCS. A right internal jugular central venous cathe-
ter 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 During breath holding

B End of expiration

C End of inspiration

D During spontaneous breating trial (SBT)

E It can be measured at any point in the breath cycle

The phlebostatic axis corresponds to a point located by
drawing an imaginary line from the fourth intercostal
space at the sternum and finding its intersection with an
imaginary line drawn down the center of the chest below
the axilla. It corresponds to the position of the right and
left atrium with the patient in a supine position. Changes
in thoracic pressure can cause discrepancy between



intravascular and transmural pressures. Intravascular
pressures should be equivalent to transmural pressures
at the end of expiration.

Answer: B

Kovacs, G., Avian, A., Pienn, M., et al. (2014) Reading
pulmonary vascular pressure tracings: how to handle the
problems of zero leveling and respiratory swings.
American Journal of Respiratory and Critical Care
Medicine, 190 (3), 252—257.

Marino, P. (2014) The ICU Book, 4th edn, KluwerHealth/
Lippincott Williams & Wilkins, Philadelphia, PA.

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

19and 20 A 75-year-old woman is in the surgical inten-
sive care unit 12 hours after an emergent exploration
and Hartmann procedure for perforated diverticuli-
tis. She remains mechanically intubated, hemody-
namically labile and oliguric despite aggressive
administration of crystalloids. Non-invasive hemody-
namic and laboratory data are as follows: Body sur-
face area (BSA) 2 m’ Temperature 37.8°C, heart rate
118, mean arterial pressure (MAP) 55, central venous
pressure (CVP) 10, cardiac output (CO) 5 L/min, FiO,
70%, pH 7.34, pCO, 40 mm Hg, pO, 70 mm Hg, SaO,
95%, mixed venous oxygen saturation (MVO,) 70%.
(Assume 1.34ml of O, per gram Hgb at 100%
saturation.)

19  Systemic vascular resistance (SVR):
A Can be calculated by (MAP — CVP/CO)x 80
B Can be calculated by (MAP — CO/CVP) x 80
C Can be calculated by (MAP — CVP/BSA) x 80
D Can be calculated by (MAP — CO/BSA) x 80
E Is a measurement that also includes pulmonary
vascular resistance
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20 What is the systemic vascular resistance (dyne sec/
cm®) of the patient?
A 400
B 640
C 720
D 1800
E 2000

Systemic vascular resistance (SVR) is the resistance that
must be overcome to push blood through the circula-
tory system and create flow. Peripheral resistance is
determined by three main factors: autonomic activity,
sympathetic activity, and blood viscosity. The total
hydraulic force that opposes pulsatile flow is known as
impedance. Vascular resistance is derived by assuming
that hydraulic resistance is analogous to electrical resist-
ance. Therefore, SVR can be calculated by rearrange-
ment of Ohm’s Law (V =1IR). This relationship is applied
to the systemic and pulmonary circulations, creating the
following derivations:

PVR =80*(PAP-PCWP)/CO, normal 100 —200 dyn —s/cm”
SVR =80*(MAP—CVP)/CO, normal 900 —1200 dyn —s/cm®

Answer 19: A
Answer 20: C

Haft, J.W. (2011) Ischemic heart disease, in: Greenfield’s
Surgery: Scientific Principles and Practice, 5th edn (eds
M.W. Mulholland, K.D. Lillemoe, G.M. Doherty, et al.),
Philadelphia, PA: Lippincott Williams and Wilkins,
pp. 149-157.

Marino, P. (2014) The ICU Book, 4th edn, KluwerHealth/
Lippincott Williams & Wilkins, Philadelphia, PA.

Parillo, J. and Dellinger, R. (2008) Critical Care Medicine:
Principles of Diagnosis and Management in the Adult,
3rd edn, Mosby/Elsevier, Philadelphia, PA.
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Airway and Perioperative Management

Stephen M. Welch, DO, Jeffrey P. Coughenour, MD and Stephen L. Barnes, MD

1 An obese 42-year-old woman present to anesthesia
clinic for pre-operative evaluation. In a sitting posi-
tion the patient is asked to open her mouth and
protrude her tongue to which you see the base of the
uvula and soft palate. What is her Modified
Mallampati classification class?

A Class 0
B Class 1
C Class Il
D Class III
E Class1V

The Mallampati classification was first described in 1985
as a method to predict difficult endotracheal intubation
using direct laryngoscopy. With the mouth wide open
the patient is asked to protrude the tongue as much as
possible. The visibility of the uvula, faucial pillars, and
soft palate are assessed (see Figure 7.1 and Table 7.1).

Answer: D

Mallampati, S.R., Gatt, S.P.,, Gugino, L.D,, et al. (1985) A
clinical sign to predict difficult tracheal intubation: a
prospective study. Canadian Anesthetists Society
Journal, 32, 429-434.

Walls, R.M. (2012) The emergency airway algorithms, in
Manual of Emergency Airway Management, 4th edn (eds
R.M. Walls and M.F. Murphy), Lippincott Williams and
Wilkins, Philadelphia, PA, pp. 22—-34.

2 An edentulous 63-year-old woman is admitted to the
ICU with inhalation injury after a house fire. As she is
being observed she begins to have respiratory stridor.
There is difficulty with bag mask ventilation and intuba-
tion attempts show generalized edema without visualiza-
tion of the cord structures. Cricothyrotomy is attempted.
What factors predict the difficulty of cricothyrotomy?

A Previous thyroid surgery
B Obesity

C Previous neck irradiation

D Poor visualization of anatomic landmarks
E All of the above

Assessment for difficult cricothyrotomy can be per-
formed by patient history and physical examination. The
mnemonic “SMART” is a tool that can used to assess for
difficulties that may occur:

S: Surgery (recent or remote)

M: Mass (abscess, hematoma, other)

A: Access or Anatomy (obesity, poor landmarks)
R: Radiation (scarring, deformity)

T: Tumor (including intrinsic airway tumor)

Clinicians should be aware of identifiable factors in patients
with difficult airways as these can dictate outcomes.

Answer: E

Aslani, A., Ng, S.C., Hurley, M., et al. (2012) Accuracy of
identification of the cricothyroid membrane in female
subjects using palpation: an observational study.
Anesthesia and Analgesia, 114 (5), 987-992.

Murphy, M. and Walls, R.M. (2004) Identification of the
difficult and failed airway, in Manual of Emergency
Airway Management (eds R.M. Walls, M.E. Murphy, and
R.C. Luten), Lippincott Williams & Wilkins,
Philadelphia, PA, pp. 8-21.

3 A 45-year old woman is scheduled to undergo an elective
cholecystectomy. On physical examination you appreci-
ate morbidly obese woman with a Mallampati IV airway
classification. The use of which modality will improve her
first-chance orotracheal intubation success rate?
A Gum-Elastic Bougie
B Direct Laryngoscopy
C Video Laryngoscopy
D Laryngeal Mask Airway
E All choices have similar success rates
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Figure 7.1

Table 7.1 The Original and Modified Mallampati Classification
classes.

Original Scoring Modified Scoring

Class I: Faucial pillars, soft palate
and uvula could be visualized

Class I: Soft palate, uvula,
fauces, pillars visible

Class II: Faucial pillars and soft palate
could be visualized, but uvula was
masked by the base of the tongue

Class II: Soft palate,
uvula, fauces visible

Class III: Only soft palate
visualized

Class III: Soft palate, base
of uvula visible

Class IV: Only hard palate
visible

It is important, to recognize possible pitfalls that a
patient may encounter during a routine visit, elective
surgery, or hospital admission. In recent literature there
has been multiple studies that have compared video
laryngoscopy (VL) versus direct laryngoscopy (DL) both
in real-time and in simulation models. A recent article
published by De Jong et al. in 2014 showed that VL
reduces the risk of difficult orotracheal intubation,
esophageal intubation, and first-attempt success rates.
Moreover, studies have shown that simulation-based
training is an effective way to teach VL skills. Also, VL
allows for a higher success rate, faster response time, and
a decrease in the number of attempts by health-care stu-
dents and health-care professionals under the condi-
tions. A Gum-Elastic Bougie (Eschman Introducer) can
be used as an adjunct for intubation but does not neces-
sarily increase first chance intubation rates. Laryngeal
mask airway (LMA) is a devise that forms a seal on top of

I
>
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Class Il Class IV

the glottis rather than passing through the glottis as an
endotracheal tube does. It thus does not increase intuba-
tion success rate.

Answer: C

De Jong, A., Molinari, N., Conseil, M., et al. (2014) Video
laryngoscopy versus direct laryngoscopy for orotracheal
intubation in the intensive care unit: a systematic review
and meta-analysis. Intensive Care Medicine, 40 (5),
629-639.

Silverberg, M.J., Li, N., Acquah, S.O.,, et al. (2015)
Comparison of video laryngoscopy versus direct
laryngoscopy during urgent endotracheal intubation: a
randomized controlled trial. Critical Care Medicine, 43
(3), 636—641.

Vanderbilt, A., Mayglothling, J., Pastis, N.J., et al. (2014)
A review of the literature: direct and video laryngoscopy
with simulation as educational intervention. Advances in
Medical Education and Practice, 5, 15-23.

4 A 64-year-old obese woman is being treated inpatient
for a hospital acquired gram-negative urinary tract
infection. She subsequently develops a refractory
Clostridium difficile colitis requiring subtotal colec-
tomy. After a successful operation you are informed
by anesthesiologist that the patient has continued
paralysis. What drug is the most likely the cause of
this finding?

A Morphine

B Piperacillin-Tazobactam
C Flagyl

D Gentamicin

E Vancomycin



Aminoglycoside antibiotics are known to potentiate the
effects of neuromuscular blocking agents. Clindamycin
causes end-plate ion channel blockade while Gentamicin
reduces pre-junctional acetylcholine release and thereby
potentiating the action of non-depolarizing neuromus-
cular blocking agents. Though this is a rare phenome-
non, it is important to be familiar with drug interactions
when presented with atypical findings presented by the
surgical patient. The other drugs listed have not been
shown to potentiate the effects of NMBA's.

Answer: D

Guzman, J. and Manimekalai, N. (2014) Potentiation of
neuromuscular blockade effect of rocuronium for 4
hours due to perioperative gentamicin, clindamycin and
magnesium sulfate. Austin Journal of Anesthesia and
Analgesia, 2 (6), 1032.

Lee, J.H., Lee, S.I,, Chung, C.J., et al. (2013) The synergistic
effect of gentamicin and clindamycin on rocuronium-
induced neuromuscular blockade. Korean Journal of
Anesthesiology, 64 (2), 143-151.

5 A 52-year-old man is scheduled to undergo an elective
laparoscopic cholecystectomy secondary to sympto-
matic cholelithiasis. The patient denies smoking and
drinks occasionally. He states he has hypertension
that is controlled with medication. His most recent
HBAIC level checked one month ago was 12.3
although he does take his scheduled hypoglycemic he
has been prescribed. What is the correct American
Society of Anesthesiologists (ASA) classification for
this patient?

Al

B II
CIb
D I
E IV

The ASA physical status classification system is used for
assessing the fitness of patients before surgery. It pro-
vides a common language between providers for docu-
mentation and ease of data abstraction for research.
There are limitations with the classification system (i.e.
assuming that age has no relation to physical fitness),
therefore it should not be used as the sole determinant of
patient status and perioperative risk.

ASA I: A normal healthy patient; Non-smoking, no or
minimal alcohol use

ASA II: A patient with mild system disease; Mild diseases
without functional limitation. Examples include:
Current smoker, social alcohol drinker, pregnancy,
obesity (BMI > 30 but < 40), well-controlled DM/HTN,
mild lung disease.
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ASAIIIL: A patient with severe systemic disease; Substantial
functional limitations. One or more moderate to
severe disease(s). Examples include poorly controlled
DM or HTN, COPD, morbid obesity (BMI > 40), active
hepatitis, alcohol dependence or abuse, implanted
pacemaker, moderate reduction in ejection fraction,
ESRD, History >3 months of ML, IA, or CAD/stents.

ASA TIV: A patient with severe systemic disease that is
a constant threat to life. Examples include
recent < 3month history of MI, CVA, TIA, or CAD/
stents, ongoing cardiac ischemia, severe valve dysfunc-
tion, DIC, ARD, or ESRD not undergoing regularly
scheduled dialysis.

ASA V: A patient who is not expected to survive without
the operation. Examples include Ruptured abdominal/
thoracic aneurysm, massive trauma, intracranial bleed
with mass effect, ischemic bowel in the face of signifi-
cant cardiac pathology or multi-organ dysfunction

ASA VI: A declared brain-dead patient whose organs are
being removed for donor purposes.

The patient in our scenario has uncontrolled diabetes as
shown by his recently checked HBA1C level >12.

Answer: D

ASA Physical Status Classification System, American
Society of Anesthesiologists, www.asahq.org
(accessed October 1, 2016).

Fitz-Henry, J. (2011) The ASA classification and
perioperative risk. Annals of the Royal College of
Surgeons of England, 93 (3), 185-187.

Daabiss, M. (2011) American Society of Anesthesiologists
physical status classification. Indian Journal of
Anaesthesia, 55 (2), 111-115.

6 A 22-year-old male presents to the trauma bay with
a 6 cm laceration to his right forearm after punching
through a window. His neurovascular exam is
within normal limits. The incident happened
approximately 45 minutes ago. You decide to give
him prophylactic antibiotics. You want to examine
the wound and close it in the trauma bay. Your
intern asks you the mechanism of action of local
anesthetics. You tell him that:

A The exact mechanism is unknown

B Anesthetics work by reversibly binding calcium
channels along the nerve

C Anesthetics work by blocking acetylcholine release
from the presynaptic cleft

D Anesthetics work by reversibly binding sodium
channels within the nerve fibers

E Anesthetics work by competitively inhibiting potas-
sium channels along the nerve
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The mechanism of local anesthetics are well known and
it works by reversibly blocking sodium channels within
nerve fibers, which prevents transmission of pain signals
by disrupting depolarization of the nerve. Lidocaine is a
local anesthetic in the amide class and is the most com-
monly used anesthetic for local infiltration. Lidocaine
without epinephrine should not exceed 4 mg/kg (0.4 mL/
kg of 1% lidocaine). On the other hand, lidocaine with
epinephrine should not exceed 7 mg/kg (7 mL/kg of 1%
lidocaine). For an added margin of safety 80% of the
maximum allowable dose should be used in children
under 8 years of age. The addition of epinephrine pro-
vides local vasoconstriction with prolongs the duration
of action, decreases local bleeding during the procedure,
and reduces systemic lidocaine absorption. In addition,
lidocaine with epinephrine may be used in the face,
digits, or penis as there is no convincing evidence of
harm as traditional teachings have suggested; though it
should be avoided in patients with peripheral artery
disease. Lidocaine does not directly affect the calcium
channels, acetylcholine release, nor the potassium
channels. Another commonly used local anesthetic is
Bupivacaine (Marcaine). Bupivacaine can also be used
plain or mixed with epinephrine. Onset of action of
Bupivacaine is approximately 15-30 minutes with its
maximum dose ranging from 2.5mg/kg without epi-
nephrine and 3 mg/kg with epinephrine. Two classes of
local anesthetics exist and can be grouped into the esters
or the amides. An easy way to distinguish between an
ester and an amide is to view the generic name of the
drug being used. If the generic name has an “i” prior to
the —caine, then it is an amide (Lidocaine, Bupivacaine,
Prilocaine, Mepivacaine). But, if there is not an “i” prior
to the —caine then it is an ester (Cocaine, Procaine,
Tetracaine, Benzocaine). Remember this will not work
with trade or commercial names.

Answer: D

Achar, S. and Kunduy, S. (2002) Principle of office
anesthesia: part I: infiltrative anesthesia. American
Family Physician, 66 (1), 91-94.

McCreight, A. and Stephan, M. (2008) Local and regional
anesthesia, in Textbook of Pediatric Emergency
Procedures, 2nd edn (eds C. King and F.M. Henretig)
Lippincott, Williams, & Wilkins, Philadelphia, PA, pp.
439-468.

Tetzlaff, ].E. (2000) The pharmacology of local anesthetics.
Anesthesiology Clinics of North America, 18 (2),
217-233.

7 A 72-year-old male presents to the Emergency
Department and is found to have profound renal and
hepatic toxicity. He is confused and thrashing around.

Hisvital signs show: BP: 95/60 mm Hg, RR: 18 breaths/
min, Pulse: 112 beats/min, O, Sat: 97%. A decision is
made to intubate the patient and the resident calls
you to bedside to ask you which neuromuscular block-
ing agent (NMBA) would be the best choice for the
procedure in this patient?

A Cisatricurium

B Rocuronium

C Pancuronium

D Vecuronium

E Tubocurarine

Cisatricurium (Nimbex) is eliminated by the body via
Hofmann degradation. This process is also known as
exhaustive methylation. However, 5-10% is still metabo-
lized through the liver and 10—15% is excreted unchanged
by the kidneys. It is a non-depolarizing neuromuscular-
blocking drug and is of intermediate duration of action
with a biological half-life of 20—30 minutes. Rocuronium,
Pancuronium, Vecuronium, and Tubocurarine all undergo
liver metabolism and clearance. Cisatricurium is the best
option. Of the listed drugs vecuronium has the shortest
onset of 60 seconds whereas rocuronium and pancuro-
nium has onset of 90 seconds. Tubocurarine has an onset
of 300 seconds.

Answer: A

Elliot, J.M. and Bion, ].F. (1995) The use of neuromuscular
blocking drugs in the intensive care practice. Acta
Anaesthesiologica Scandinavica, 39, 70—82.

Murray, M.J., Cowen, ., DeBlock, H., et al. (2002) Clinical
practice guideline for sustained neuromuscular blockade
in adult critically ill patient. Critical Care Medicine, 30
(1), 142-156.

8 A middle-aged male is brought to the trauma bay
after being found unresponsive on the side of the road
with his motorcycle laying approximately 50 yards
from him. He was un-helmeted per EMS report. The
patient has visible bruising to the right side of his face
and blood coming from his right ear. His Glasgow
Coma Score is 7 (E=2, V=2, M=3). Which drug(s)
are you going to use during rapid-sequence intubation
of this patient?

A Propofol

B Midazolam
C Ketamine

D Any of these
E None of these

It is important to know the side effects of drugs that are
used during rapid-sequence intubation, especially in the
head-injured patient. Midazolam and propofol have both



been used in head-injured patients, but are less favorable
due to the risk of hypotension-induced secondary brain
injury. It is important to prevent secondary brain injury
by maintaining cerebral perfusion pressures (MAP-ICP)
and also ensuring adequate oxygenation of the patient.
Therefore, agents with less hemodynamic side effects
are desired. Though historical teaching suggests that
ketamine may cause increases in intracranial pressures,
this has not been seen in more recent literature.
Another good alternative once could consider for this
patient is etomidate, but this drug has been associated
with decreased corticosteroid synthesis. Induction dose
of ketamine is 1-4.5 mg/kg I'V. Approximately 100 mg is
used often.

Answer: C

Bar-Joseph, G., Guilburd, Y., Tamir, A., and Guilburd, J.N.
(2009) Effectiveness of ketamine in decreasing intracranial
pressure in children with intracranial hypertension.
Journal of Neurosurgery: Pediatrics, 4 (1), 40—46.

Zeiler, F.A., Teitelbaum, J., West, M., and Gillman, L.M.
(2014) The ketamine effect on ICP in traumatic brain
injury. Neurocritical Care, 21 (1), 163-173.

9  Which factor is most associated with wrong-site surgi-
cal procedures?
A Multiple surgical procedures
B Multiple surgeons
C Failures of communication
D Emergency surgical procedures
E Lack of procedural understanding by the patient

In 2004 the Joint Commission developed and enacted a
Universal Protocol that was set forth to prevent wrong-
site, wrong-procedure, and wrong-person surgeries.
This protocol at its simplest form consists of three steps:
1) A pre-procedural verification process; 2) Marking of
the surgical site; and 3) A time out prior to the operative
procedure. Although these events are rare they are still
considered never-events, with a majority being related
to communication failures between the surgical team,
patient, and family members. The other choices includ-
ing multiple surgical procedures, multiple surgeons,
emergency surgeries as well as lack of procedural
understanding by the patients all have an impact but
the communication failures is the most associated
problem with wrong-site surgical procedures.

Answer: C
Hampel, S., Booth, M.]., Shanman, R., et al. (2015) Wrong-

site surgery, retained surgical items, and surgical fires—a
systematic review of surgical never events. Journal of the
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American Medical Association Surgery, 150 (8),
796-805.

Hanchanale, V., Raj Rao, A., Motiwala, H., and Karim, O.
(2014) Wrong site surgery! How can we stomp it?
Urology Annals, 6 (1), 57-62.

10 A 75-year-old male falls from a standing height at
home and suffers a broken right hip. He has a past
medical history of hyperlipidemia, diabetes, and
angina. His is alert and oriented but is unable to give
an accurate medication list. He is cleared for surgery
and undergoes fixation of his right hip and suffers an
acute MI postoperatively. Which of his home medi-
cations may have help prevent this event?

A Lisinopril
B Metoprolol
C Vicodin

D Metformin
E Ibuprofen

Beta Blockers have potential beneficial effects when
taken perioperatively. In addition to helping prevent/
control arrhythmias, beta blockade also helps reduce
myocardial oxygen demand that is produced by catecho-
lamine release during stress periods. Acute withdrawal
of beta blockers pre- or postoperatively can lead to
substantial morbidity and even mortality. Aspirin has
not been shown to improve cardiovascular or mortality
outcomes. Moreover, they have been found to increase
bleeding risk in these groups. The other medications
mentioned also have not shown a mortality risk when
being held.

Answer: B

Kennedy, J.M., van Rij, A.M., Spears, G.E,, et al. (2000)
Polypharmacy in a general surgical unit and
consequences of drug withdrawal. British Journal of
Clinical Parmacology, 49, 353—362.

Shammash, J.B., Trost, ].C., Gold, J.M., et al. (2001)
Perioperative beta-blocker withdrawal and mortality in
vascular surgical patients. American Heart Journal, 141
(1), 148-153.

Wallace, A.W., Au, S., and Cason, B.A. (2010) Association
of the pattern of use of perioperative B-blockade and
postoperative mortality. Anesthesiology, 113 (4),
794—-805.

11 In regards to perioperative statin therapy which of
the following is true?
A Statins should not be given during the periopera-
tive period
B Statins have been shown to increase thrombogene-
sis in the perioperative period
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C Statins result in arterial constriction
D Statins are not associated with rhabdomyolysis
E Statins have been shown to be cardioprotective

The most widely accepted theory of the continuation of
statin therapy in the perioperative period is due to plaque
stabilization. This is thought to occur secondary to the
reduction of thrombin-induced expression and lipo-
polysaccharide induced expression of tissue factor, which
results in anti-inflammatory properties that causes coro-
nary plaque stabilization. Investigations have also shown
that postoperative statin withdrawal was an independent
predictor of myonecrosis. Complications of statin with-
drawl have been shown to manifest as early as day 4 from
cessation of the drug. Thus, statins should be resumed as
early as possible if held during the perioperative period.
Statins have not been shown to increase thrombogene-
sis, arterial vasoconstriction, nor rhabdomyolysis.

Answer: E

Biccard, B.M. (2008) A peri-operative statin update for
non-cardia surgery. Part I: the effects of statin therapy
on atherosclerotic disease and lessons learnt from statin
therapy in medical (non-surgical) patients. Anasthesia,
63 (1), 5264

Hindler, K., Shaw, A.D., Samuels, J., et al. (2006) Improved
postoperative outcomes associated with preoperative
statin therapy. Anesthesiology, 105 (6), 1260—1272.

Kapoor, A.S., Kanji, H., Buckingham, J., et al. (2006)
Strength of evidence for perioperative use of statins to
reduce cardiovascular risk: systemic review of controlled
studies. British Medical Journal, 333, 1149-1152

12 A 52-year-old otherwise healthy woman presents to
the emergency department 8 days postoperatively
from a right-sided laparoscopic hernia repair. CT of
the abdomen and pelvis show a large intra-abdomi-
nal fluid collection in the right para-colic gutter with
stigmata suggestive of abscess. She is hypotensive,
tachypneic, and is confused. She is diagnosed with
septic shock. Which of the following clinical manifes-
tations would also likely be seen in early septic shock?
A Decreased urinary excretion of sodium (<20mEq/L)
B Decreased cardiac output (CO)

C Increased gastric motility
D Multifactorial anemia
E Increased systemic vascular resistance (SVR)

Manifestation of shock, severe shock, and septic shock
can be seen in multiple organ systems throughout the
body. The neurological manifestations can include
confusion, irritability, or agitation. The cardiovascular
effects can include hypotension, tachycardia, a decrease

in systemic vascular resistance (SVR), and an increase in
cardiac output (early) with a subsequent decrease in late
shock. Pulmonary manifestations include tachypnea,
hypoxemia, and marked respiratory alkalosis. Renal
effects include oliguria and azotemia. Urinary excretion
of sodium may be markedly reduced with urine osmo-
lality being increased. This can lead to acute tubular
necrosis or renal failure. Gastrointestinal manifestations
include decreased motility and stress ulceration. Cardiac
output may eventually be decreased but in the initial
states of sepsis, due to the decreased SVR and tachycar-
dia, cardiac output is increased. Multifactorial anemia is
not initially caused by sepsis.

Answer: A

Blanco, J., Muriel-Bombin, A., Sagredo, V., et al. (2008)
Incidence, organ dysfunction and mortality in severe
sepsis: a Spanish multicentre study. Critical Care, 12 (6),
1-14.

Dellinger, R.P, Levy, M.M., Carlet, ]., et al. (2008) Surviving
Sepsis Campaign: international guideline for the
management of severe sepsis and septic shock. Intensive
Care Medicine, 34 (1), 17-60.

Singer, M., Deutschman, C.S., Seymour, C.W., et al. (2016)
The third international consensus definitions for sepsis
and septic shock (Sepsis—3). Journal of the American
Medical Association, 315 (8), 801-810.

13 Which of the following is associated with an
increased incidence for stress ulcers in high risk ICU
patients?

A INR>1.3

B Platelet count< 75 000

C Mechanical ventilation for > 48 hours
D PTT > 1.3 times the control value

E Antibiotic administration

Stress ulcerations tend to be shallow and cause oozing
from superficial capillary beds. Deeper lesions can
occur leading to massive hemorrhage or perforation.
Though ulcers can be categorized into both early and
late, it is uncertain if they same pathophysiology applies
to both. However, it is thought that they result from
impaired mucosal protection and/or hypersecretion of
acid. Though there are disagreements defining everyone
who falls into the “high-risk” category, but patients with
coagulopathy (INR>1.5), platelet count<50 000,
PTT >2, mechanical ventilation > 48 hours, history of GI
ulceration/bleeding, TBI, burns, and spinal cord injuries
are associated with increased incidence of stress ulcer
formation.

Answer: C



Alhazzani, W., Alenezi, F, Jaeschke, R., et al. (2013) Proton
pump ihibitors versus histamine 2 receptor antagonists
for stress ulcer prophylaxis in critically ill patients: a
systematic review and meta-analysis. Critical Care
Medicine, 41 (3), 693-705.

Stollmann, N. and Metz, D. (2005) Pathophysicology and
prophylaxis of stress ulcer in intensive care unit patients.
Journal of Critical Care, 20 (1): 35-45.

14 A healthy 36-year-old man is scheduled to undergo
an elective open ventral hernia repair. A detailed his-
tory and physical examination reveal no underlying
medical conditions. Which of the following test(s) are
indicated prior to his surgery?

A No further workup is necessary

B CBC

C 12-lead EKG

D BUN/Creatinine and 12-lead EKG
E Chest radiograph

All patients undergoing non-cardiac surgery should have
a detailed history and physical examination to stratify
them for cardiovascular perioperative risk. Determining
the functional capacity of a patient during perioperative
testing is one way to avoid unnecessary surgical morbidity
and mortality. Functional capacity is often expressed in
terms of metabolic equivalents (METs), where 1 MET is
the resting or basal oxygen consumption of a 40—year-
old, 70-kg man. In the perioperative literature, functional
capacity is classified as excellent (>10 METs), good (7-10
METs), moderate (4—6 METs), poor (<4 METs), or
unknown. Perioperative cardiac and long-term risks are
increased in patients unable to perform 4 METs of work
during daily activities. Functional status can also be
assessed more formally by activity scales, such as the
Duke Activity Status Index (DASI) and the Specific
Activity Scale. Certainly, further workup(s) and testing
may be warranted if history and physical examination
warrant and as calculated functional capacity dictates.
The ACC/AHA guidelines were recently updated in
2014 and a step-wise approach is taken to determine the
appropriate diagnostic workup.

Answer: A

Fleisher, L., Fleischmann, K., Auerback, A., et al. (2014)
2014 ACC/AHA Guideline on perioperative
cardiovascular evaluation and management of patients
undergoing noncardiac surgery. A report of the
American College of Cardiology/American Heart
Association Task Force on Practice Guidelines. Journal
of the American College of Cardiology, 64 (22), 77-137.

Ford, M.K., Beattie, W.S., and Wijeysundera, D.N. (2010)
Systematic review: prediction of perioperative cardiac
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complications and mortality by the revised cardiac risk
index. Annals of Internal Medicine, 152 (1), 26-35.

Reilly, D.F., McNeely, M.]., Doerner, D., et al. (1999)
Self-reported exercise tolerance and the risk of serious
perioperative complications. Archives of Internal
Medicine, 159 (18), 2185-2192.

15 A 72-year-old man underwent percutaneous coronary
intervention (PCI) with placement of a bare metal stent.
He was scheduled prior to the stent placement to be seen
in your office regarding a bulge in his right groin that is
causing a dull pain with exertion and intermittent con-
stipation. In the office you diagnose an inguinal hernia
on physical examination that is reducible with no associ-
ated skin changes. His stent was placed three weeks ago.
What are the recommendations you should educate this
patient in regards to the timing of his operation?

A Repair of the hernia can be completed at any time if
aspirin is continued

B Deferring the surgery at least 18 months after stent
placement is ideal

C Deferring surgery at least 4—6 weeks is preferred in
this case

D Surgery should be performed at least 6 months
after bare metal stent placement

E He should only have his hernia repaired if it
becomes incarcerated/strangulated

Non-cardiac surgery is often needed in patients that have
received PCI. It is important to know if a bare metal stent
or a drug eluding stent was used as it dictates appropriate
timing of surgery. Although it is preferable to defer sur-
gery for at least 12 months irrespective of stent type
(Grade 1QC); this is often not feasible. This patient has a
symptomatic inguinal hernia that should be repaired but
only after appropriate timing. In patients who cannot
wait at least 12 months for non-cardiac surgery, an
attempt should be made to defer surgery for at least 30
days after bare metal stent placement and at least six
months after drug-eluting stent placement (Grade 1B). Of
course, patients whom have had recent PCI and present
with urgent/emergent surgical procedures; relative risk
and benefits are weighed as is the continuation of dual
antiplatelet therapies (DAPT) in the perioperative period.

Answer: C

Cruden, N.L., Harding, S.A., Flapan, A.D., et al. (2010)
Previous coronary stent implantation and cardiac events
in patients undergoing noncardiac surgery. Circulation:
Cardiovascular Interventions, 3 (3), 236—242.

Hawn, M.T., Graham, L.A., Richman, J.R., et al. (2012) The
incidence and timing of noncardiac surgery after cardiac
stent implantation. Journal of the American College of
Surgeons, 214 (4), 658—666.
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16 A 42-year-old woman is undergoing a diagnostic
laparoscopy for suspected appendicitis. Insufflation
of the abdomen is performed with carbon dioxide
to 15mm Hg. What physiologic changes may be seen
during intraabdominal insufflation?

A Decreased cardiac output

B Bradycardia

C Increased systemic vascular resistance (SVR)
D Decreased cardiac index

E All of the above

Laparoscopic procedures are increasing in number
since they began over two decades ago, with the most
common abdominal operation being performed in the
United States by general surgeons being cholecystec-
tomy. The rate of serious complications associated with
a laparoscopic approach are relatively low with those
being related to initial abdominal access during laparos-
copyoccurringinlessthan 1% of patients. Complications
related to insufflation of gas include subcutaneous
emphysema, cardiac arrhythmia, pain, and pneumo-
thorax. Additionally, with most centers using 15mm
Hg pressure to produce pneumoperitoneum for appro-
priate visualization of intra-abdominal structures venous
return to the heart can decrease causing all of the physi-
ologic effects mentioned above.

Answer: E

Jiang, X., Anderson, C., and Schnatz, P.F. (2012) The safety
of direct trocar versus Veress needle for laparoscopic
entry: a meta-analysis of randomized clinical trials.
Journal of Laparoendoscopic and Advanced Surgical
Techniques, 22 (4), 362—370.

Koksoy, C., Kuzu, M.A., Kurt, L, et al. (1995)
Haemodynamic effects of pneumoperitoneum during
laparoscopic cholecystectomy: a prospective
comparative study using bioimpedance cardiography.
British Journal of Surgery, 82 (7), 972-974.

Trottier, D.C., Martel, G., and Boushey, R.P. (2009)
Complications in laparoscopic intestinal surgery:
prevention and management. Minerva Chirurgica, 64
(4), 339-354.

17 A 62-year-old woman is brought to the trauma bay
secondary to a motor vehicle collision. She was a
restrained passenger in a car that was involved in a
head on collision at approximately 40 mph. Her
past medical history is significant for diabetes,
which is well controlled. Focused assessment with
sonography was negative in the trauma bay. Vital
signs show a HR: 104 beats/min, RR: 18 breaths/
min, BP: 106/62 mm Hg. She complains of chest and
abdominal pain for which she receives a CT of the

chest, abdomen, and pelvis with IV contrast.

A Grade Il splenic laceration with no active extravasa-

tion of contrast and left sided pulmonary contusion

were diagnosed. On hospital day 1 she begins to

develop acute kidney injury. What is the most likely

etiology?

A Poor oral intake due to pain

B Related to pain medication

C Under resuscitation with crystalloid in the trauma
bay

D Contrast induced nephropathy

E This is an expected finding after trauma in her age

group

Contrast-induced nephropathy (CIN) occurs after the
administration of radiocontrast media and can lead to
acute kidney injury (AKI). CIN is defined as an acute
decline in renal function after exposure to intravenous
radiocontrast media. In most cases, the injury is revers-
ible but there is some evidence that its development is
associated with adverse outcomes. Clinical laboratory
abnormalities that can be seen with this condition
include a>25% increase in baseline creatinine levels,
fractional excretion of sodium > 1%, and granular brown
casts on urinalysis. Oral intake due to pain, pain medica-
tions would not cause this on hospital day 1. A retro-
spective review of trauma patients showed the incidence
of CIN to be as high as 5.1% in blunt trauma patients.
Patient groups found to be predisposed to CIN where
elderly patients along with those having low glomerular
filtration rates.

Answer: D

Barrett, B.J. (1994) Contrast nephrotoxicity. Journal of the
American Society of Nephrology, 5 (2), 125.

Hipp, A., Desai, S., Lopez, C., and Sinert, R. (2008) The
incidence of contrast-induced nephropathy in trauma
patients. European Journal of Emergency Medicine, 15
(3), 134-139.

Rudnick, M. and Feldman, H. (2008) Contrast-induced
nephropathy: what are the true clinical consequences?
Clinical Journal of the American Society of Nephrology, 3
(1), 263-272.

18 An 82-year-old cachectic appearing man with severe
COPD presents to the emergency department with a
large bowel obstruction verified by CT scan. A large
colonic mass was noted distal to the splenic flexure.
Upon further questioning, he has lost 40 pounds over
the last six months and has never undergone colonos-
copy. The patient was taken to operating room for left
hemicolectomy with hand-sewn anastomosis. He has
been unable to liberate from the ventilator since surgery.



On hospital day 6 he begins to have bowel sounds and
passes a small amount of maroon colored stool. You
decide you want to begin nutritional support. What is
the preferred nutritional route for this patient?

A Peripheral parenteral nutrition

B Add dextrose to IV fluids

C Enteral nutrition

D Total parenteral nutrition

E Continue NPO

Enteral nutrition is the preferred way to achieve nutri-
tional support in the critically ill patient. Although this
may not be achievable depending on the clinical scenario
(i-e., high output fistula, malabsorption) therefore other
forms of nutrition will need to be sought. Enteral nutri-
tion is an active therapy that attenuates the metabolic
response and favorably modulates the immune system.
Additionally, it is less expensive than parenteral nutri-
tion, is associated with less infectious complications and
overall better patient outcomes. Originally, it had been
thought that post-pyloric feeding would be superior to
gastric feeding but recent studies have shown no overall
benefit. Peripheral parenteral nutrition has not been
shown to change outcomes. While in the fasting state the
addition of dextrose would decrease nitrogen loss, it is
not the preferred method as the calories from it would be
minimal. While TPN provides calories starting it on
postoperative day 6 has not yet been shown to be of any
benefits and there are data to demonstrate its association
with complications and increased use of resources. No
nutrition has also been shown to be of worse outcome.

Answer: C

Seron-Arbeloa, C., Zamora-Elson, M., Labarta-Monzon,
L., and Mallor-Bonet, T. (2013) Enteral nutrition in
critical care. Journal of Clinical Medicine Research, 5 (1),
1-11.

White, H., Sosnowski, K., Tran, K.. et al. (2009) A
randomized controlled comparison of early post-pyloric
versus early gastric feeding to meet nutritional targets in
ventilated intensive care patients. Critical Care, 13 (6),
1-8.

19 The patient in the above scenario is started on enteral
tube feedings. 24-hours after the initiation of enteral
nutrition he begins to have ectopy on continuous car-
diac monitoring. What is the most common biochemi-
cal derangement seen with refeeding syndrome?

A Hypophosphatemia
B Hypomagnesemia
C Hypokalemia

D Hyponatremia

E Hyperkalemia
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Refeeding syndrome (RFS) can be defined as the poten-
tially fatal shifts in fluids and electrolytes that may occur
in malnourished patients receiving artificial nutrition
(enteral or parenteral). These shifts are a result of hor-
monal and metabolic changes with the biochemical hall-
mark of RFS being hypophosphatemia. However, other
metabolic derangements may occur including hypoka-
lemia, hypomagnesemia, abnormal sodium and fluid
balance, changes in glucose, protein, and fat metabolism.
These disturbances usually occur within 12 to 72 hours
of refeeding. RFS was first described during World War
II as cardiac and neurologic dysfunction was seen.

Answer: A

Fuentebella, ]. and Kerner, J.A. (2009) Refeeding syndrome.
The Pediatric Clinics of North America, 56 (5), 1201.

Mehanna, H. (2008) Refeeding syndrome: what it is, and
how to prevent and treat it. British Medical Journal, 336
(7659), 1495-1498.

Ornstein, R.M., Golden, N.H., Jacobson, M.S., and Shenker,
LR. (2003) Hypophosphatemia during nutritional
rehabilitation in anorexia nervosa: implications for
refeeding and monitoring. Journal of Adolescent Health,
32 (1), 83-88.

20 A 28-year-old woman with no past medical history
presents to the emergency department with right
lower quadrant abdominal pain. Ultrasound is
performed and is suggestive of acute appendicitis.
She is taken to the operative room for laparoscopic
appendectomy. As you begin the case the anesthesi-
ologist notes an acute rise in end tidal CO,, masseter
rigidity, and temperature elevation to 40.4 °C. What
is the likely cause of this phenomenon?

A Ketamine

B Sevoflurane
C Propofol

D Etomidate

E Severe sepsis

Malignant hyperthermia (MH) occurs when a patient is
exposed to a volatile anesthetic (sevoflurane, isoflurane,
succinylcholine, desflurane, halthothane, enflurane).
The incidence of MH in the general population is esti-
mated to be approximately 1:100 000 administered anes-
thetics, though this is thought to be an underestimation
due to subclinical reactions. The majority of malignant
hyperthermia-susceptible patients have mutations
encoding for abnormal RYR1 or DHP receptors; with
exposure to triggering agents leading to unregulated
passage of calcium from the sarcoplasmic reticulum into
the intracellular space, leading to an acute MH crisis.
Dantrolene administration at 2.5 mg/kg IV is to be given
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rapidly if the diagnosis is made but subsequent bolus  Nelson, P. and Litman, R.S. (2014) Malignant hyperthermia

doses of 1 mg/kg (up to 10 mg/kg) if signs of MH have not in children: an analysis of the North American
abated. Ketamine, propofol and etomidate has not been malignant hyperthermia registry. Anesthesia and
found to cause MH and sepsis would not cause the other Analgesia, 118 (2), 369-374.

listed symptoms. Wappler, F. (2001) Malignant hyperthermia. European

Answer B Journal of Anaesthesiology, 18 (10), 632—652.



8

Acute Respiratory Failure and Mechanical Ventilation

Adrian A. Maung, MD and Lewis J. Kaplan, MD

1 In the immediate postoperative setting, noninvasive ven-
tilation 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, noninvasive
ventilation (NIV) is able to augment a patient’s native res-
piratory efforts, overcoming critical closing pressures and
volumes, and better match regional time constant variations,
thereby moving the zero-pressure point more proximal in
the airway. These effects help reverse atelectasis and there-
fore NIV has been used to great effect in the immediate
postoperative 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 vasoconstriction.

Answer: A

Jaber, S., Chanques, G., and Jung, B. (2010) Postoperative
noninvasive ventilation. Anesthesiology, 112 (2),
453-461.

Papadakos, PJ., Karcz, M., and Lachmann, B. (2010)
Mechanical ventilation in trauma. Current Opinion in
Anaesthesiology, 23 (2), 228-232.

2 A 72-year-old, non-obese woman undergoes a laparo-
scopic ventral hernia repair without incident. She is extu-
bated in the OR but is found to be hypoxic, hypercarbic,
and acidotic in the PACU requiring reintubation. The
most likely cause of her acute respiratory failure is:

A Acute pulmonary edema from volume overload
B Postoperative 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 respiratory failure
in the PACU, although it is less likely than intrinsic pul-
monary 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 cardiopulmonary
disease. While a patient with obesity is likely to have pul-
monary HTN, pulmonary edema is still less likely than
inadequate NMB agent reversal. Postoperative hemor-
rhage is uncommonly associated with hypercarbia, and
CO, embolism generally 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 laparoscopic repair gen-
erally do not demonstrate significant loss of domain.

Answer: D

Cobb, W.S., Fleishman, H.A., Kercher, K.W., et al. (2005)
Gas embolism during laparoscopic cholecystectomy.
Journal of Laparoendoscopic and Advanced Surgical
Techniques. Part A, 15 (4), 387-390.

Lee, PJ., MacLennan, A., Naughton, N.N., and O’Reilly, M.
(2003) An analysis of reintubations from a quality
assurance database of 152 000 cases. Journal of Clinical
Anesthesia, 15 (8), 575-581.

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
transferred to the PACU still intubated. He is then
extubated with a train-of-four of 4/4 twitches and
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shortly thereafter develops stridor as well as hypoxia
despite vigorous respiratory efforts and gas move-
ment. A portable CXR is most likely to demonstrate:
A Westermark sign

B Pneumothorax

C Pulmonary edema

D Diffuse atelectasis

E Clear lung fields

This patient is demonstrating the classic presentation 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 con-
sistent with pulmonary embolus and is inconsistent with
this presentation. Pneumothorax should demonstrate
asymmetric breath sounds. Atelectasis should demon-
strate 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, D.J., Bittner, E.A., Abdulnour, R., et al. (2010) Case
scenario: acute postoperative negative pressure
pulmonary edema. Anesthesiology, 113 (1), 200-207.

4 A 56-year-old man undergoes an urgent sigmoid
colectomy and Hartmann’s pouch for perforated
diverticulitis 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/min and an ECG strip demonstrates p waves
with three different morphologies. His respiratory rate
is 34 breaths/min, BP is 146/88 mm Hg with a S,0, of
94% on 40% Oy 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 ECQG 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 repre-
sents a stress rhythm. Therapy hinges on addressing the
patient’s elevated work of breathing by providing imme-
diate endotracheal intubation and mechanical ventila-
tion. 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, E.D., Lefrak, S.S., Kleiger, R.E., et al. (1977)
Disturbances of rhythm in chronic lung disease. Heart
and Lung, 6 (2), 256-261.

5 A 77-year-old woman is involved in a motor vehicle
collision with rollover. She arrives on 100% by non-
rebreather with a SaO,=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
C Bolus and scheduled IV 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 particular, this patient has COPD and may be more
sensitive to reductions in respiratory drive with the
potential for significant CO, retention and respiratory
acidosis. Thus, an analgesic method that minimizes
sedation is ideal, and placing a paravertebral block meets
those needs. Ketorolac can do so as well but is generally
an add-on medication to an opioid or block-based reg-
imen, 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 manage bron-
choconstriction 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, E.M., Edwards, T., Klotz, P, and Jurkovich, G.J.
(2004) Epidural analgesia improves outcome after
multiple rib fractures. Surgery, 136 (2), 426—430.

Mohta, M., Verma, P., Saxena, A.K,, et al. (2009)
Prospective, 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—-1101.

6 A 42-year-old man remains in the SICU on post-
injury day 2 after a fall from 20 feet. He sustained
multiple axial skeletal injuries, a grade 111 splenic
laceration (nonoperative management) and a
small left-sided SDH. Since admission he has
received 10 L crystalloids and two units of packed
red blood 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 SaOy; 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 mL/hour. The next most appro-
priate step in management is:

A Magnesium sulfate 4 gm IVP

B N-acetyl cysteine prior to suctioning
C Neuromuscular blockade

D Bladder pressure measurement

E Change to pressure control ventilation

The clinician must frequently assess rising peak airway
pressures. In this scenario, slowly rising pressures indi-
cate 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 is at risk for
clotting factor dilution and 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, hemorrhage, as well as
acute ascites formation. Measuring the intra-abdomi-
nal pressure using the bladder pressure to assess for
intra-abdominal HTN and 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 sulfate for bronchodilatation
will not address the underlying condition. N-acetyl
cysteine is proven to be ineffective at mucolysis and has
been more recently supplanted with hypertonic saline
nebulizers. Neuromuscular 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., and Kaplan, L.J. (2007) Abdominal
compartment syndrome: clinical aspects and
monitoring. Critical Care Clinics, 23 (3), 415-433.

Acute Respiratory Failure and Mechanical Ventilation

7 A 68-year-old woman remains intubated and venti-
lated on postoperative day 6 after a ruptured AAA
repair. She is febrile to 101.8°F tachycardic to 104
beats/min, 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 area
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 ventilator-associated pneumonia with signs and
symptoms that include fever, tachycardia, yellow secre-
tions, and >3 days of mechanical ventilation. The CXR
does not describe a new infiltrate and therefore, the diag-
nosis of ventilator-associated infection (VAI) is not clear.
Current data identify that the invasive diagnosis of pneu-
monia is more cost effective than an empiric therapeutic
course of antimicrobial management. Therefore, the best
choice is to perform a flexible bronchoscopy and bron-
choalveolar lavage to investigate for airway inflamma-
tion 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 omnipres-
ent biofilm that accompanies indwelling devices.

Answer: C

Fagon, Y. (2006) Diagnosis and treatment of ventilator-
associated pneumonia: fiberoptic bronchoscopy with
bronchoalveolar lavage is essential. Seminars in
Respiratory and Critical Care Medicine, 27 (1), 34—44.

Porzecanski, I. and Bowton, D.L. (2006) Diagnosis and
treatment of ventilator-associated pneumonia. Chest,
130 (2), 597-604.

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
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rate (longer time to deliver the same volume of gas),
or changing to a decelerating 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 inter-
vention that will prolong Ti is decreasing the flow rate.

Answer: D

Bailey, H. and Kaplan, L.J. (2009) Mechanical ventilation,
in Clinical Procedures in Emergency Medicine, 5th edn
(eds J. Hedges and J. Roberts), W.B. Saunders,
Philadelphia, PA, pp. 138-159.

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 interven-
tions 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 expira-
tory time may increase CO, clearance if the patient has
difficulty with expiratory flow (as in COPD) as may an
increase in respiratory rate if minute ventilation is inad-
equate. An increase in the dead space to tidal volume
ratio is associated with an increase in pCO, and a
decrease in pO,, and when the ratio approaches 70% it
generally indicates an unsupportable work of breathing.

Answer: C

Bailey, H. and Kaplan, L.J. (2009) Mechanical ventilation,
in Clinical Procedures in Emergency Medicine, 5th edn
(eds J. Hedges and J. Roberts), W.B. Saunders,
Philadelphia, PA, pp. 138-159.

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 pneumo-
thoraces. 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
pericardium

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 350 cc of tidal volume out through
the chest tubes. The management 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 ventilation, 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 proxi-
mally along the lateral aspects of the central jet of high-
frequency and a small volume of machine-delivered gas
is generated. 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 sup-
ported 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 useful 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.

Answer: A

Cheatham, M.L. and Promes, ].T. (2006) Independent lung
ventilation in the management of traumatic
bronchopleural fistula. American Surgeon, 72 (6),
530-533.

Ha, D.V. and Johnson, D. (2004) High frequency oscillatory
ventilation in the management of a high output
bronchopleural fistula: a case report. Canadian Journal
of Anaesthesia, 51 (1), 78—83.

11 A 54-year-old patient is s/p abdominal wall recon-
struction and is changed from AC/VCYV to airway
pressure release ventilation (APRV) for hypoxemic
rescue. Which of the following observations is
expected?

A Lower mean airway pressures
B Increased need for sedation for comfort



C Uncoupling of oxygenation and ventilation
D Increased minute ventilation requirement
E 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 superior recruitment mode and relies on
a significant increase in mean airway pressure to match
regional time constant variations, recruit atelectatic
alveoli, and improve oxygenation. Airway pressure
release ventilation’s effect on p,0, may occur independ-
ent from its effect on CO, clearance, and maximal change
in CO,; often lags behind the maximal change in pOy; 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 subsequent
reduction in downstream pressures, the measured CVP
typically decreases.

Answer: C

Bailey, H. and Kaplan, L.J. (2009) Mechanical ventilation,
in Clinical Procedures in Emergency Medicine, 5th edn
(eds]. Hedges and J. Roberts), W.B. Saunders,
Philadelphia, PA, pp. 138—-159.

Kaplan, L.J., Bailey, H., and Formosa, V. (2001) APRV
increases cardiac performance in patients with acute
lung injury/adult respiratory distress syndrome. Critical
Care, 5 (4), 221-226.

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,0O,

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 inhala-
tional or intravenous general anesthesia. Thus, the
minute ventilation required for maintaining a normal
CO, clearance will be less than that required in the SICU

Acute Respiratory Failure and Mechanical Ventilation

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. and Kaplan, L.J. (2009) Mechanical ventilation,
in Clinical Procedures in Emergency Medicine, 5th edn
(eds]. Hedges and J. Roberts), W.B. Saunders,
Philadelphia, PA, pp. 138—-159.

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 postoperative
day 2 after a Hartmann'’s procedure for perforated
diverticulitis. SaO, is 97% on FIO, 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 settings may be a reflection of
increased airway resistance, or inappropriate gas delivery
for the volume of available lung. The latter may be espe-
cially 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 readily accomplished by using the dynamic pres-
sure-volume curve and assessing for increases in airway
pressure without a corresponding increase in pulmonary
volume, producing a characteristic curve trace known as
the “bird’s beak phenomenon” which reflects alveolar over-
distension. Placing a pulmonary artery catheter will not
help in investigating peak airway pressures, nor will a CT
to evaluate for pulmonary embolus be appropriate in the
absence of hypoxemia. The flow-over-time trace is useful
to assess for auto-PEEP. Determination of the lower inflec-
tion 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:
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implications for the understanding of the inflection
points of the curve. European Journal of Anaesthesiology,
22 (3), 175-180.

Vieillard-Baron, A. and Jardin, F. (2003) The issue of
dynamic hyperinflation in acute respiratory distress
syndrome patients. European Respiratory Journal—
Supplement 42, 43s—47s.

14 A 35-year-old man is postinjury day 2 following a
collision with an automobile and remains
mechanically ventilated on inverse-ratio pressure
control ventilation for the management of severe
bilateral pulmonary contusions. He is hemody-
namically appropriate on low-dose norepineph-
rine. He has the following ABG: 7.18/P,CO,: 63/
P,0y: 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 NaHCOj3 at maintenance rate
C Increase in AC rate to 12 breaths/min

D Decrease PEEP to 5 cm H,0O 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 pres-
sure 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 manage 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 “permis-
sive hypercapnia” and may require buffering of the
associated respiratory acidosis as suggested 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 wors-
ened 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, M.R and Napolitan, L.M. (2006) Severe
respiratory failure: advanced treatment options. Critical
Care Medicine, 34 (9 Suppl), S278-5290.

15 A 68-year-old clinically severely obese woman is two
days s/p an 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 appro-
priate 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 IV furosemide

The standard and safe approach to a dislodged tracheos-
tomy tube prior to a well-formed track forming (gener-
ally postoperative day 7) is to place a standard oral
endotracheal tube to secure airway control. The sur-
geon’s finger may need to cover the trachesotomy 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,
although there is little- to-no strong data supporting
this practice. In this case, the patient’s body habitus will
likely render replacement via the stoma site more diffi-
cult, especially since her neck was dissected and many
planes that would help guide the tube into the trachea
have been disturbed — increasing the likelihood of
extratracheal placement. Heliox has some role in reduc-
ing airway gas passage in patients with stidor. One
hundred percent O, via tracheostomy mask requires a
tube to be present to be efficacious, and albuterol and
a diuretic are not effective management strategies for a
dislodged tracheostomy tube.

Answer: B

Barbetti, J.K., Nichol, A.D., and Choate, K.R., et al. (2009)
Prospective observational study of postoperative
complications after percutaneous dilatational or surgical
tracheostomy in critically ill patients. Critical Care and
Resuscitation, 11 (4), 244—-249.

Colman, K.L., Mandell, D.L., and Simons, J.P. (2010)
Impact of stoma maturation on pediatric tracheostomy-
related complications. Archives of Otolaryngology Head
and Neck Surgery, 136 (5), 471-474.

Engels, PT., Bagshaw, S.M., Meier, M., and Brindley, P.G.
(2009) Tracheostomy: from insertion to decannulation.
Canadian Journal of Surgery, 52 (5), 427-433.

16 A 16-year-old patient is shot in the left chest, arrives
with agonal vital signs, undergoes a transverse thora-
cotomy for resuscitation, and undergoes nonanatomic



lingual resection, repair of a thoracic aortic tangen-
tial injury and bi-ventricular lacerations, as well
as a nonanatomic right middle lobe resection. On
attempts at closure, he becomes tachycardia and
hypotensive. The next most appropriate step in
management is:
A Exploratory
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

laparotomy abdominal

for

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 vis-
ceral edema. More often described after cardiac surgery,
thoracic compartment syndrome is also reported after
extensive thoracic injury. While abdominal decompres-
sion addresses abdominal compartment syndrome and
may address refractory intracranial HTN as well, it does
not as effectively address thoracic pressures as does leav-
ing 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
inappropriate when a simple maneuver like leaving the
chest open is performed, which will more directly sup-
port perfusion without increasing myocardial consump-
tion of oxygen.

Answer: E

Kaplan, L.J., Trooskin, S.Z., and Santora, T.A. (1996)
Thoracic compartment syndrome. Journal of Trauma,
40 (2), 291-293.

Rizzo, A.G. and Sample, G.A. (2003) Thoracic
compartment syndrome secondary to a thoracic
procedure: a case report. Chest, 124 (3), 1164—1168.

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/FIO, 100%/+5 generating a VT of
550 mL with an initial ABG=7.41/42/350. Twelve
hours later, after fluid resuscitation, 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

Acute Respiratory Failure and Mechanical Ventilation

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 move-
ment and hinder ventilation. This is manifested either
with decreasing tidal volumes in pressure-cycled
ventilation (and increasing pCO,) or increasing peak
airway pressures in volume-cycled ventilation (with
high airway pressure limited gas delivery and rising
pCO,). The definitive treatment is to incise the thick
eschar that is limiting chest-wall excursion. Abdominal
compartment 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 circum-
ferential 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), 183-185.

Orgill, D.P. and Piccolo, N. (2009) Escharotomy and
decompressive therapies in burns. Journal of Burn Care
and Research, 30 (5), 759-768.

18 A 54-year-old, 70 kg man is postoperative day 2 fol-
lowing an orthotopic hepatic transplantation. He
has been maintained on AC/VCV and has just com-
pleted a 30-minute spontaneous breathing trial on
pressure support of 5 cm HyO and PEEP of 5 cm H,O
with the following parameters obtained: negative
inspiratory force 15 cm H,O, minute ventilation 12
L/min, SaO, at completion 95% on FIO, 0.4, and a
respiratory rate that started at 16 breaths/min and
ended at 24 breaths/min 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

B Extubate to 40% O, via face mask

C Repeat the trial 12 hours later

D Change to flow-by and reevaluate

E Obtain a CXR to rule out pulmonary edema
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This question assesses the appropriate determinants 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 fre-
quency of respiration by the tidal volume. Here the RSBI is
24 breaths/min divided by 0.5 L yielding an index of 48; an
index less than 105 is generally 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 mitigate 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, M.R. and Brochard, L.J. (1996) Weaning from
ventilatory support. Clinics in Chest Medicine, 17 (3),
475-489.

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 postoperative patients to
prevent reintubation

C NIPPV is ineffective in cardiogenic pulmonary
edema patients

D NIPPV can provide patients a mandatory respira-
tory rate

E NIPPV effectively clears secretions in cystic fibro-
sis patients

NIPPV utilizes pressure-cycled modes that assist respira-
tion and provide a PEEP equivalent to help retard alveolar
collapse and assist in alveolar recruitment. The clinician
sets the amount of pressure during inspiration and expira-
tion while the patient controls the respiratory rate and
inspiratory and expiratory times. Level I evidence sup-
ports the use of NIPPV in patients with COPD exacerba-
tions, 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 atelectasis. Two multicenter rand-
omized trials have failed to show benefit in established
respiratory distress although other smaller trials have
demonstrated some benefit. Only negative pressure venti-
lation has been proven effective in enhancing expectora-
tion of secretions in the cystic fibrosis patient population.

Answer: A

Jhanji, S. and Pearse, R.M. (2009) The use of early
intervention to prevent postoperative complications.
Current Opinion in Critical Care, 15 (4), 349-354.

Osthoff, M. and Leuppi, J.D. (2010) Management of
chronic obstructive pulmonary disease patients after
hospitalization for acute exacerbation. Respiration, 79
(3), 255-261.

20 Contraindications for noninvasive positive pressure
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, hemodynamic instability,
agitation, uncooperative patient, excessive secretions or
significant upper GI bleeding. 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., and Jung, B. (2010) Postoperative
noninvasive ventilation. Anesthesiology, 112 (2),
453-461.

Papadakos, PJ., Karcz, M., and Lachmann, B. (2010)
Mechanical ventilation in trauma. Current Opinion in
Anaesthesiology, 23 (2), 228—132.

21 A 58-year-old woman is admitted to the SICU
after undergoing exploratory laparotomy and
Hartmann’s procedure for Hinchey Class 1V diver-
ticulitis. She is mechanically ventilated on 60%
FiO2. Her PaO2 on ABG is 78 mm Hg. Chest x-ray
demonstrates bilateral opacities. She is placed on
low-tidal volume ARDSnet ventilation. Additional
therapy that has been demonstrated to reduce
mortality includes:

A Inhaled nitric oxide

B Early initiation of prone ventilation

C Prone ventilation for refractory hypoxemia
D High dose steroids if unimproved at 2 weeks
E All of the above

A number of therapies have been tried to decrease the
significant mortality associated with Acute Respiratory
Distress Syndrome (ARDS). Low tidal volume ventila-
tion was the first intervention demonstrated to improve
mortality. Inhaled nitric oxide improves oxygenation but
has not been shown to decrease morbidity and mortality
and has been associated with risk of acute kidney injury.



The role of early steroids remains controversial but
there is no benefit to late (after 14 days) steroids
administration. The PROSEVA trial reported improved
mortality with early prone ventilation in patients with
severe ARDS.

Answer B

Guérin, C,, Reignier, J., Richard, J.C,, et al. (2013) Prone
positioning in severe acute respiratory distress
syndrome. New England Journal of Medicine, 368 (23),
2159-2167.

Petrucci, N. and De Feo, C. (2013) Lung protective
ventilation strategy for the acute respiratory distress
syndrome. Cochrane Database Systematic Reviews, 28 (2).

22 A 19-year-old man is admitted to the intensive care
unit with respiratory failure after a fall. He has mul-
tiple bilateral rib fractures and pulmonary contu-
sions. Over the next 24 hours, he develops progressive
hypoxemia despite multiple ventilator adjustments
including airway pressure release ventilation, low
tidal volume ventilation, and prone positioning. The
team is considering extracorporeal membrane oxy-
genation (ECMO). Which of the following is true
regarding the role of ECMO for respiratory failure
management?

A ECMO is only proven beneficial in neonates.

B A specialized center is not required to provide
ECMO therapy

C ECMO rescue has survival benefit in adult and
pediatric patients

D ECMO is only indicated as an adult lung or heart
transplant bridge

E None of the above

Initial studies done in 1970s and 1990s examining the
use of ECMO in adults with acute respiratory failure
demonstrated no survival advantage with increased rate
of complications. However, more recent controlled
studies have demonstrated survival benefit in neonatal,
pediatric, and adult patients with respiratory failure.
Indications for ECMO in adults include hypoxic and/or
hypercapneic respiratory failure in patients with predi-
cated risk of death>50% after the failure of other con-
ventional therapies. Cardiac failure is also an indication
for ECMO.

Answer: C

Kulkarni, T., Sharma, N.S., and Diaz-Guzman, E. (2016)
Extracorporeal membrane oxygenation in adults: a
practical guide for internists. Cleveland Clinic Journal of
Medicine, 83 (5), 373-384.
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Tramm, R., Ilic, D., Davies, E.R., et al. (2015)
Extracorporeal membrane oxygenation for critically
ill adults. Cochrane Database Systematic Reviews,
Jan 22.

23 Which of the following interventions is most likely to
repair the condition depicted in the waveform in
Figure 8.1 for a patient on AC/VCV?

A No change is required
B Increase flow rate

C Increase tidal volume
D Increase PEEP

E Decrease sedation

The flow-over-time waveform depicts the classic appear-
ance of auto-PEEP where the next breath begins before
the exhalation trace (below the horizontal black line)
returns to baseline. Therefore, the tracing identifies that
there is gas trapping from the prior breath that creates
auto-PEEP. Many interventions may address this poten-
tially destabilizing condition and the one selected
depends on the clinical circumstance. However, all inter-
ventions aim to increase the available time for exhala-
tion. Therefore, A is wrong as the condition can lead to
cardiovascular collapse much like tension pneumotho-
rax. C increases the tidal volume and in VCV lead to an
increase in inspiratory time and a decrease in expiratory
time — the exact opposite of the desired repair strategy. D
worsens the PEEP effect. E would increase the level of
alertness and in general leads to an increase in respira-
tory rate. With a fixed inspiratory time determined by
the waveform and the flow rate, this will also decrease
the available time for gas exodus. Only B leads to a
decreased inspiratory time and therefore an increased
expiratory time.

Answer: B

Maung, A.A. and Kaplan, L.J. (2013) Waveform analysis
during mechanical ventilation. Current Problems in
Surgery, 50 (10), 438—446.

Flow

Time

Figure 8.1
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Volume

Pressure

Figure 8.2

24 Which of the following maneuvers would best address
the abnormality depicted in Figure 8.2 in a patient
on AC/VCV?

A Inhaled nitric oxide

B Increase PEEP

C Change to square waveform
D Decrease tidal volume

E Increase respiratory rate

Figure 8.2 is a pressure-volume curve and depicts the find-
ings of pressure-volume dysregulation with alveolar over
distension known as the “bird’s beak” phenomenon. This
indicates that the volume being provided is greater than
the available lung to accommodate the prescribed volume.
Therefore, option D is the best as it will decrease the total
volume. A will change vascular volumes but not alveolar
volume. Increased PEEP (B) will worsen the over disten-
sion by increasing the volume of unexhaled gas. Changing
to a square waveform (C) will also exacerbate the problem
by shortening the inspiratory time forcing the same vol-
ume to be delivered over a shorter period of time. E will
potentially worsen the problem by creating auto-PEEP
and will certainly do nothing to decrease the delivered vol-
ume or the rate at which it is delivered to the lung.

(A) (B)

Flow

Time

Figure 8.3
Answer: D

Maung, A.A. and Kaplan, L.J. (2013) Waveform analysis
during mechanical ventilation. Current Problems in
Surgery, 50 (10), 438—446.

25 Which statement best characterizes the flow-over-
time waveform A compared to B in Figure 8.3 for a
patient receiving AC/VCV, assuming that the peak
flow is identical?

A Shorter inspiratory time

B Higher plateau pressure

C Increased PEEP

D Lower peak airway pressure
E Higher mean airway pressure

The waveform in A is a decelerating curve while B is a

square waveform. Decelerating delivery profiles have

lower peak, higher mean, and lower plateau pressures as
well as longer inspiratory times and shorter expiratory
times compared to gas delivery using a square waveform.

Unless there is auto-PEEDP, neither waveform is typically

associated with an increase in PEEP. Therefore, only E is

correct.

Answer: E

Maung, A.A. and Kaplan, L.J. (2015) Ventilator gas delivery
wave form substantially impacts plateau pressure and
peak-to-plateau pressure gradient determination.
Journal of Trauma and Acute Care Surgery, 78 (5),
976-979.
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Infectious Disease

Yousef Abuhakmeh, DO, John Watt, MD and Courtney McKinney, PharmD

1 A 64-year-old diabetic man is postoperative day seven
after coronary artery bypass surgery. Over the past 48
hours, he has developed increasing chest pain, fevers,
and an increasing insulin requirement. His white count
is 16 x 10°/microL, heart rate is 104 beats/min and his
temperature is 38.9°C. A CT scan of the chest reveals
pneumomediastinum and a distinct fluid collection.
What is the most appropriate initial management

of this patient?

A Surgical debridement of the sternum and mediastinum

B Initiate broad-spectrum antibiotic coverage with
vancomycin and ciprofloxacin

C Initiation of broad-spectrum antibiotic coverage
with piperacillin/tazobactam and vancomycin

D Obtain blood cultures, initiate broad-spectrum
antibiotic coverage with piperacillin/tazobactam
and vancomycin and drain the fluid collection

E Substernal aspiration for gram stain and culture,
followed by initiation of broad-spectrum antibi-
otic coverage with piperacillin/tazobactam and
vancomycin

Nearly all patients with postoperative mediastinitis will
have fever, tachycardia, signs of wound infection, and
signs of systemic infection. Bacteremia may be the first
sign of mediastinitis. Blood cultures should be obtained
and empiric antibiotic therapy initiated with coverage
against Gram-positive cocci and Gram-negative bacilli.
The most common microorganism isolated is methicil-
lin-susceptible Staphylococcus aureus (MSSA).

Answer: D

Farifias, M.C., Galo Peralta, F., Bernal, ].M., et al. (1995)
Suppurative mediastinitis after open-heart surgery: a
case-control study covering a seven-year period in
Santander, Spain. Clinical Infectious Diseases, 20 (2),
272-279.

Fowler, V.G, Jr, Kaye, K.S., Simel, D.L, et al. (2003)
Staphylococcus aureus bacteremia after median
sternotomy: clinical utility of blood culture results in the
identification of postoperative mediastinitis. Circulation,
108 (1), 73-78.

Trouillet, J.L., Vuagnat, A., Combes, A., et al. (2005) Acute
poststernotomy mediastinitis managed with
debridement and closed-drainage aspiration: factors
associated with death in the intensive care unit. Journal
of Thoracic and Cardiovascular Surgery, 129 (3),
518-524.

2 A 71-year-old man, in the ICU after a lower extremity
amputation for gangrenous limb ischemia, develops fre-
quent watery bowel movements on postoperative day
three. Stool studies confirm presence of C. difficile tox-
ins, and he is started on oral metronidazole and vanco-
mycin regimens, with which he has been treated
previously for several prior episodes of C. difficile coli-
tis. After three days of treatment, his abdomen remains
mildly distended, he continues to have more than three
bowel movements per day and is suspected to have an
ileus with a high nasogastric tube output. His white
count has increased to 29x 10°/microL and has been
advanced to rectal vancomycin and IV metronidazole.

The most appropriate management of this patient
includes:
A Fecal microbiota transplant
B Initiation of fidaxomicin
C Conversion from IV to rectal metronidazole
D Addition of IV Vancomycin
E Subtotal colectomy

Standard treatment of C. difficile infection consists of
metronidazole and oral vancomycin up to four times
daily. Intracolonic administration of vancomycin is
appropriate in the setting of profound ileus. C. Diff colitis
can be classified as severe in the setting of white blood
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cell count >15 000 cells/microL, serum albumin<3g/dL,
and/or a serum creatinine level >1.5 times the premor-
bid level. Meta-analyses have shown efficacy of fecal
microbiota transplant in the treatment of severe or
recurrent C. difficile infections. Donor fecal material
may be administered via enema, colonoscope, nasogas-
tric tube, or orally via frozen capsules. Administration
via colonoscope has been shown to be superior to upper
GI administration. Fidaxomicin (answer B) is an alterna-
tive agent for the treatment of recurrent C. difficile colitis
and has demonstrated similar cure rates to oral vanco-
mycin with a lower incidence of subsequent recurrence.
However, fidaxomicin is only available for administra-
tion via the enteral route — in a patient with severe ileus,
fidaxomicin may not be effective. Rectal metronidazole
and IV vancomycin are not effective for treatment of C.
difficile colitis. Subtotal would only be indicated if the
patient were displaying signs of toxic megacolon.

Answer: A

Cohen, S.H., Gerding, D.N,, Johnson, S., et al. (2010)
Clinical practice guidelines for Clostridium difficile
infection in adults: 2010 update by the society for
healthcare epidemiology of America (SHEA) and the
infectious diseases society of America (IDSA). Infection
Control and Hospital Epidemiology, 31 (5), 431-455.

Cornely, O.A., Miller, M.A., Louie, T.J., et al. (2012)
Treatment of first recurrence of Clostridium difficile
infection: fidaxomicin versus vancomycin. Clinical
Infectious Diseases, 55 (2), 154—161.

Furuya-Kanamori, L., Doi, S.A.R., Paterson, D. L., et al.
(2016). Upper versus lower gastrointestinal delivery for
transplantation of fecal microbiota in recurrent or
refractory clostridium difficile infection: a collaborative
analysis of individual patient data from 14 studies.
Journal of Clinical Gastroenterology, 51 (2), 145—150.

Surawicz, C.M., Brandt, L.]., Binion, D.G,, et al. (2013)
Guidelines for diagnosis, treatment, and prevention of
Clostridium difficile infections. American Journal of
Gastroenterology, 108 (4), 478—498.

3 A 74-year-old man is mechanically ventilated for the
sixth day after craniotomy for traumatic epidural
hematoma. Over the past 48 hours he has developed
intermittent fevers, along with a localized right lower
lobe infiltrate on chest X-ray, and a leukocytosis. He is
diagnosed with ventilator-associated pneumonia and
started on appropriate empiric therapy. Culture
results are positive for a Pseudomonas aeruginosa iso-
late that was susceptible to the initial antibiotic regi-
men. What is the appropriate duration of therapy?

A Sdays
B 7days

C 10days
D 14days
E Duration based on clinical course and CPIS score

Though some data demonstrated an increased risk of
recurrent VAP when infections caused by resistance-
prone isolates (MRSA, Pseudomonas, Acinetobacter)
were treated with a shorter course of antibiotics (seven
to eight days) versus a longer course (14—15 days), more
recent meta-analyses have not shown an increased risk
of recurrence associated with shorter durations of
treatment. Shorter treatment courses reduce antibiotic
exposure and recurrent pneumonia due to MDR organ-
isms. Duration of antibiotic therapy has not been shown
to influence outcomes such as mortality, duration of
mechanical ventilation, or length of ICU stay. The cur-
rent Infectious Disease Society of America (IDSA) and
American Thoracic Society (ATS) guidelines recom-
mend a shorter (7 day) treatment course for VAP with
the important caveat that duration may be influenced
by patient-specific factors such as rate of clinical
improvement in conjunction with radiologic and labo-
ratory findings.

The use of clinical criteria alone, rather than the
combined use of clinical criteria and semi-objective
measures such as the Clinical Pulmonary Infection
Score (CPIS), is recommended for use to determine the
need for initiation or discontinuation of treatment for
VAP. Analysis of trials using CPIS as a diagnostic aid
for VAP demonstrated unacceptably low sensitivity
and specificity. Evaluation of data regarding CPIS-
informed antibiotic de-escalation demonstrated no
effect on clinical outcomes, and therefore its use is not
recommended.

Answer: B

Chastre, J., Wolff, M., Fagon, ].Y., 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 (19),
2588-2598.

Kalil, A.C., Metersky, M.L., Klompas, M., et al. (2016)
Management of adults with hospital-acquired and
ventilator-associated pneumonia: 2016 clinical practice
guidelines by the Infectious Diseases Society of America
and the American Thoracic Society. Clinical Infectious
Diseases, 63 (5), 61-111.

4 A 62-year-old diabetic man is admitted to the ICU
postoperatively, following laparotomy and washout
for perforated diverticulitis. Overnight, his heart
rate ranges from 110 to 128 beats/min and his MAP
ranges from 50 to 68 mm Hg, despite resuscitation



with Lactated Ringer’s solution. His urine output

has decreased to< I15mli/hr, his white count is

19 x 10%/microL, his hemoglobin is 6.8g/dL, and his

lactate is 4.7mmol/L. His oxygen saturation is 94%

on 2L O, via nasal cannula. Empiric antibiotics

were initiated preoperatively. Over the next 24

hours his oxygen saturations drop slightly, his MAP

remains less than 65 and his lactate continues to

rise. His stroke volume variation is less than 10%.

What is the appropriate next step in the manage-

ment of this patient?

A 1-2L bolus of additional crystalloid solution

B Initiation of IV hydrocortisone

C Infusion of albumin instead of Lactated Ringer’s

D Placement of pulmonary artery catheter for hemo-
dynamic monitoring

E Transfusion of 1 unit packed red blood cells

The patient in this scenario is showing signs of contin-
ued hypoperfusion after adequate volume resuscita-
tion and is likely suffering from a component of cardiac
insufficiency. The international Surviving Sepsis
Guidelines recommend that during the acute resusci-
tation phase, if resuscitation goals (MAP > 65, Urine
output > 0.5 mL/kg/hr, central venous pressure 8—12 cm
H,0, mixed venous oxygen saturation<70%) are not
met, packed red blood cell transfusion is warranted.
The most recent guidelines suggest transfusion to a
goal hemoglobin level of 7-8g/dL. It is also recom-
mended that transfusion be initiated with 1 unit of
blood, rather than 2 units. Steroids are indicated for
shock refractory to vasopressor support or for patients
with known or suspected adrenal insufficiency.
Pulmonary artery catheters have failed to show mor-
tality benefit in multiple studies.

Answer: E

Carson, J. L., Guyatt, G., Heddle, N.M,, et al. (2016).
Clinical practice guidelines from the AABB: red blood
cell transfusion thresholds and storage. Journal of the
American Medical Association, 316 (19), 2025-2035.

Dellinger, R.P, Levy, M.M., Rhodes, A., et al. (2013)
Surviving Sepsis campaign: international guidelines for
management of severe sepsis and septic shock. Intensive
Care Medicine, 39 (2), 165—228 and Critical Care
Medicine, 41 (2), 580—637.

Marik, P.E. (2009) Critical illness-related corticosteroid
insufficiency. Chest, 135 (1), 181-193.

Shah, M.R., Hasselblad, V., Stevenson, L.W., et al. (2005)
Impact of the pulmonary artery catheter in critically ill
patients: meta-analysis of randomized clinical trials.
Journal of the American Medical Association, 294 (13),
1664-1670.
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5 All of the following practices should be included in a
standard ventilator-associated pneumonia (VAP)
prevention bundle, EXCEPT:

A Early mobility

B Surveillance cultures obtained every 72 hrs
C Head of bed elevation to 30 degrees

D Duaily sedation interruption

E Daily spontaneous breathing trials

Ventilated patients who develop pneumonia suffer from
a mortality of up to 46%, and VAP is the second most
common health care-associated infection in the United
States. VAP prevention bundles have been created in an
effort to decrease rates of VAP, and their associated
sequelae. Bundles commonly include daily sedation
medication holiday with spontaneous breathing trials,
daily oral hygiene, head of bed elevation, facilitation of
early mobility, use of endotracheal tubes with subglottic
suctioning and judicious use of sedation. Surveillance
cultures are not recommended as they may prompt
treatment of colonization and unnecessary antibiotic
exposure which may lead to increased rates of infection
with MDR organisms.

Answer: B

American Thoracic Society and Infectious Diseases
Society of America (2005) Guidelines for the
management of adults with hospital-acquired,
ventilator-associated, and healthcare-associated
pneumonia. American Journal of Respiratory and
Critical Care Medicine, 171 (4), 388—416.

Ferreira, C.R., de Souza, D.F.,, Cunha, T.M,, et al. (2016)
The effectiveness of a bundle in the prevention of
ventilator-associated pneumonia. Brazilian Journal of
Infectious Diseases, 20 (3), 267-271.

Klompas, M., Branson, R., Eichenwald, E.C., et al. (2014)
Strategies to prevent ventilator-associated pneumonia in
acute care hospitals: 2014 update. Infection Control and
Hospital Epidemiology, 35 (8), 915-936.

6 A 67-year old diabetic man is in the surgical ICU
after undergoing exploratory laparotomy for mes-
enteric ischemia. He is in septic shock, with persis-
tent hypotension, refractory to IV crystalloid and
high-dose norepinephrine infusion. Which of the
following vasoactive agents is most appropriate to
initiate in addition to the patient’s norepinephrine
infusion?

A Vasopressin

B Dobutamine
C Dopamine

D Phenylephrine
E Milrinone
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For the patient in septic shock, the Surviving Sepsis
Guidelines recommend norepinephrine as the initial
vasopressor of choice, however the guidelines do not
make a firm recommendation about which agent should
be initiated if the response to norepinephrine is inade-
quate. Clinicians may consider addition of vasopressin at
a dose of 0.03 Units/min to either aid in raising MAP or
allowing for a reduction in the dose of norepinephrine,
but vasopressin should not be used as the initial vaso-
pressor. Epinephrine may also be added to or substituted
for norepinephrine in patients for whom an additional
agent is needed. Dopamine should only be considered
as an alternative to norepinephrine in a small subset of
patients who have bradycardia and are at low risk for
a development of a tachyarrhythmia. Phenylephrine
should be reserved for patients who develop severe
arrhythmias due to norepinephrine, those with low
MAPs and a known high cardiac output, or as salvage
therapy. Ionotropes such as dobutamine and milrinone
may be considered in the setting of myocardial dysfunc-
tion and evidence of continued tissue hypoperfusion
despite adequate MAPs.

Answer: A

Dellinger, R.P, Levy, M.M., Rhodes, A., et al. (2013)
Surviving Sepsis campaign: international guidelines for
management of severe sepsis and septic shock. Intensive
Care Medicine, 39 (2), 165-228 and Critical Care
Medicine, 41 (2), 580-637.

Russell, J.A., Walley, K.R,, Singer, J., et al. (2008)
Vasopressin versus norepinephrine infusion in patients
with septic shock. New England Journal of Medicine, 358
(9), 877-887.

7 A 3I-year-old patient is in the SICU after a motorcycle
crash and subsequent craniotomy with ventriculos-
tomy placement for intracranial pressure (ICP) moni-
toring. The patient has continued bloody drainage
from the catheter, elevated ICD, and continued fevers.
CSF analysis confirms ventriculitis. The appropriate
empiric IV antibiotic regimen may include all of the
following except:
A Vancomycin plus cefepime
B Vancomycin plus gentamicin
C Vancomycin plus meropenem
D Vancomycin plus ceftazidime
E Vancomycin plus piperacillin/tazobactam

Approximately 64% of ventriculostomy-associated CSF
infections are caused by gram-positive bacteria, pre-
dominantly S. epidermidis and S. aureus. 35% are caused
by gram-negative organisms, which include Acinetobacter
spp. (9.3%), Pseudomonas spp. (6%), and enteric organisms.

About 1% of infections are due to Candida spp. Initial
empiric coverage should include vancomycin combined
with an anti-pseudomonal cephalosporin (cefepime
or ceftazidime), or meropenem plus vancomycin.
Aminoglycosides are an acceptable alternative to anti-
pseudomonal beta-lactams. Piperacillin/tazobactam
should be avoided due to its poor CNS penetration.
In addition, any infected indwelling devices should be
removed, replaced, or externalized.

Answer: E

Ramanan, M., Lipman, J., Shorr, A, et al. (2015)
A meta-analysis of ventriculostomy-associated
cerebrospinal fluid infections. BMC Infectious
Diseases, 15 (1), 1-12.

Ziai, W.C. and Lewin, J.J. (2008). Update in the diagnosis
and management of central nervous system infections.
Neurologic Clinics, 26 (2), 427-468.

8 A patient is admitted to the burn unit after sustain-
ing >40% BSA burn of varying degrees. He is treated
with early debridement where necessary, in addi-
tion to topical therapies. On hospital day three the
patient develops a fever to 102°E along with
decreased urine output and tachypnea. He is also
requiring norepinephrine and vasopressin infusion
to maintain a MAP > 65 mm Hg. Blood cultures are
drawn and initial gram stain reveals gram-nega-
tive rods. The most appropriate empiric antibiotic
regimen consists of:

A Gentamicin + piperacillin/tazobactam
B Gentamicin + ertapenem

C Ciprofloxacin + clindamycin

D Meropenem + piperacillin/tazobactam
E Imipenem/cilastatin + cefepime

Patients with severe sepsis, septic shock, or immune
suppression with risk factors for P. aeruginosa should
be treated with combination therapy consisting of a
parenteral aminoglycoside (gentamicin, tobramycin,
amikacin) plus one of the following: anti-pseudomonal
cephalosporin, beta-lactam/beta-lactamase inhibitor
(piperacillin/tazobactam), or an anti-pseudomonal
carbapenem (imipenem, doripenem, or meropenem).
Of note, it should be emphasized that higher anti-
pseudomonal dosing or extended infusion be used for
piperacillin/tazobactam. Ertapenem has no activity
against P. aeruginosa. Ciprofloxacin may be considered
once sensitivities have confirmed susceptibility, but is
not appropriate for empiric therapy. Clindamycin lacks
activity against gram-negative organisms.

Answer: A



Dellinger, R.P, Levy, M.M., Rhodes, A., et al. (2013)
Surviving Sepsis campaign: international guidelines for
management of severe sepsis and septic shock. Intensive
Care Medicine, 39 (2), 165-228 and Critical Care
Medicine, 41 (2), 580-637.

Micek, S.T., Welch, E.C., Khan, J., et al. (2010) Empiric
combination antibiotic therapy is associated with
improved outcome against sepsis due to Gram-negative
bacteria: a retrospective analysis. Antimicrobial Agents
and Chemotherapy, 54 (5), 1742-1748.

9 A patient is recovering in the SICU after undergoing
thoracotomy, washout and intercostal muscle flap
for repair of a distal esophageal tear from repetitive
vomiting due to severe diabetic gastroparesis. The
patient is receiving total parenteral nutrition. Which
of the following medications is most likely to decrease
this patient’s risk of post-operative mortality?

A Cefazolin

B Esomeprazole
C Regular insulin
D Fluconazole

E Vancomycin

Invasive candidiasis has a known mortality of > 50%. Risk
factors include neutropenia, central venous catheters,
known colonization, hemodialysis, parenteral nutrition,
broad-spectrum antibiotic exposure, trauma, and recent
surgery (gastrointestinal perforation, anastomotic leak-
age, transplant patients). Meta-analyses have shown that
prophylaxis with fluconazole in non-neutropenic criti-
cally ill patients with risk factors for candidiasis reduces
invasive fungal infections and improves mortality.

Answer: D

Cortegiani, A., Russotto, V., Maggiore, A., et al. (2016)
Antifungal agents for preventing fungal infections in
non-neutropenic critically ill patients. Cochrane
Database Systematic Review 16 (1).

Koehler, P. (2016) Contemporary strategies in the
prevention and management of fungal infections.
Infectious Disease Clinics of North America, 30 (1),
265-275.

Playford, E.G., Webster, A.C., Sorrell, T.C.,, et al. (2006)
Antifungal agents for preventing fungal infections in
non-neutropenic critically ill and surgical patients:
systematic review and meta-analysis of randomized
clinical trials. Journal of Antimicrobial Chemotherapy,
57 (4), 628-638.

10 A 55-year-old patient is admitted to the hospital for
RLQ abdominal pain, presumed to be a recurrent bout
of diverticulitis. Empiric antibiotics for intra-abdominal

Infectious Disease

infection are initiated. Laboratory analysis reveals
profound leukopenia. The patient reveals to you that
he has a history of HIV, and is non-compliant with
his antiretroviral (ART) regimen. His CD4 count is
40 cells/mm®. What is the most likely opportunistic
infectious agent causing this patient’s symptoms?

A Toxoplasma gondii

B Cytomegalovirus

C Coccidioides immitis

D Candida glabrata

E Mycobacterium avium intracellulare

Cytomegalovirus (CMV) is uncommon in the ART era,
but may occur in up to 5% of patients with advanced
immunosuppression and a CD4 count of<50 cells/
mm? who are either not receiving or not responding to
ART. CMV causes an ischemic colitis, usually near the
terminal ileum and proximal colon. There is a risk of
bowel perforation along with peritonitis. Approximately
10-15% of HIV/AIDS patients with abdominal pain
will have etiologies related to their underlying
immunosuppression.

Answer: B

Kaplan, J.E., Benson, C.A., Holmes, K.K., et al. (2009)
Guidelines for prevention and treatment of
opportunistic infections in HIV-infected adults and
adolescents. Morbidity and Mortality Weekly Report, 58
(4), 1-207.

Yoganathan, K.T., Morgan, A.R., and Yoganathan, K.G.
(2016) Perforation of the bowel due to cytomegalovirus
infection in a man with AIDS: surgery is not always
necessary!. BMJ Case Reports, bcr2015214196.

11 Which of the following is TRUE regarding prevention
of catheter-associated urinary tract infection
(CAUTI) in hospitalized patients?

A The catheter drainage bag should always be kept
below the level of the bladder.

B Daily irrigation of bladder catheter to prevent
blockage

C Removal of catheter 48 hours postoperatively

D Routine catheter changes

E Routine bacteriologic monitoring for early UTI
detection and treatment

Duration of catheterization is the most important risk
factor for developing CAUTI, and catheters should
ideally be removed within 24 hours postoperatively, if
not contraindicated. Urinary catheters are responsible
for 80% of hospital-acquired UTIs. Guidelines are in place
at most institutions, and usually include the following:
The use of urinary catheters should be minimized where
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possible, the need for the catheter should be reviewed
daily, insertion should be performed with aseptic tech-
nique and sterile equipment, and drainage systems
should be closed and sterile, kept below the level of the
bladder. Routine irrigation, catheter changes, bacteriologic

monitoring, and systemic antimicrobial prophylaxis
should be avoided.

Answer: A

Chenoweth, C. and Sanjay, S. (2013) Preventing catheter-
associated urinary tract infections in the intensive care
unit. Critical Care Clinics, 29 (1), 19-32.

Hooton, T.M., Bradley, S.E,, Cardenas, D.D., et al. (2009)
Diagnosis, prevention, and treatment of catheter-
associated urinary tract infections in adults: 2009
international clinical practice guidelines from the
Infectious Disease Society of America. Clinical
Infectious Diseases, 50 (5), 625—-663.

12 Which of the following practices is NOT in accord-
ance with catheter-related infection prevention
practices?

A Avoid routine or scheduled replacement of central
venous access devices

B Prepare skin with > 0.5% chlorhexidine with alcohol
before CVC insertion and during dressing changes

C Designate trained personnel who demonstrate
competence for the insertion and maintenance of
peripheral and central intravascular catheters

D Avoid using the jugular or femoral insertion sites
in adult patients to minimize infection risk for
non-tunneled CVCs.

E Apply topical antibiotic preparations to all cen-
tral venous catheter insertion sites during dressing
changes in order to minimize incidence of blood-
stream infections

Intravascular catheter-related infections in the ICU
increase hospital length of stay, and are responsible for
roughly 80 000 bloodstream infections in the United
States each year. With the exception of choice D, the
above practices are category 1A recommendations for
the prevention of catheter-related bloodstream infec-
tions. Femoral vein line insertions should be avoided if
possible, as they have been shown to have high coloniza-
tion rates and higher rates of central line-associated
bloodstream infections. Topical antibiotics are recom-
mended only for hemodialysis catheters at the time of
insertion and with each hemodialysis session. Routine
use of topical antibiotics on other type of CV access
devices may promote fungal infection and anti-microbial
resistance.

Answer: E

O’Grady, N.P,, Alexander, M., Burns, L.A., et al. (2011)
Guidelines for the prevention of intravascular catheter-
related infections. Clinical Infectious Diseases, 52 (9),
162-193.

13 A 68-year-old woman with multiple bilateral rib
fractures after a ground-level fall has been in the
SICU for five days. Her respiratory function has
steadily declined. On hospital day six, she develops
fevers and the morning CXR shows a developing
RLL infiltrate, concerning for pneumonia. All of the
following factors are associated with an increased
risk of developing pneumonia in trauma patients
EXCEPT for?

A Failed pre-hospital intubation
B Long bone fracture

C Pulmonary contusion

D Rib fractures

E Traumatic brain injury

Trauma patients are at a higher risk for developing
pneumonia in comparison to medical ICU patients.
There are several traumatic injuries that have been
associated with an increased risk of developing pneu-
monia: pulmonary contusions, rib fractures, sternal
fractures, spinal cord injury, and traumatic brain injury.
Furthermore, failed pre-hospital intubation is associ-
ated with development of VAP in trauma patients.
Patients who sustain chest trauma are three times more
likely to develop pneumonia than patients without
chest injuries.

Answer: B

Hui, X., Haider, A., Hashmi, Z., et al. (2013) Increased risk
of pneumonia among ventilated patients with traumatic
brain injury: every day counts! Journal of Surgical
Research, 184 (1), 438—443.

Mangram, A.J., Sohn, J., Zhou, N,, et al. (2015) Trauma-
associated pneumonia: time to redefine ventilator-
associated pneumonia in trauma patients. The American
Journal of Surgery, 210 (6), 1056—1062.

14 A 44-year old man arrives to the trauma bay by
EMS after sustaining an injury to his forearm with a
circulating saw. He has exposed muscle, with mini-
mal bleeding. His wound is copiously irrigated and
sutured closed. He is admitted for observation and
on hospital day one he complains of worsening pain
and swelling at the site. You notice spreading ery-
thema and extreme tenderness on physical exam.
The most likely causative organism in this patient’s
infection is:



A Staphylococcus aureus
B Vibrio vulnificus

C Clostridium perfringens
D Polymicrobial

E Streptococcus pyogenes

This patient is suffering from a necrotizing soft tissue
infection (NSTI), which carries a mortality of>20%.
This rapidly progressing infection typically involves the
underlying fat, muscle, and fascia. Bacteria track sub-
cutaneously, producing endo- and exotoxins that cause
tissue ischemia (via thrombosis of perforating vessels to
the skin), liquefactive necrosis, and systemic illness.
Non-specific, early signs are erythema, pain, and swell-
ing. Late findings include bullae, crepitus, and skin
ischemia. NSTIs are classified as Type I (polymicro-
bial), Type II (Group A Streptoccus with or without
Staphylococcus aureus) and Type 111 (Vibrio vulnificus).
Polymicrobial infections account for approximately
55-75% of NSTIs, followed by monomicrobial infec-
tions (15%) with Streptococcus pyogenes and/or
Staphylococcus aureus. Clostridial infections are now
rare, accounting for less than 5% of occurrences. The
gold standard modality for diagnosis of NSTI is opera-
tive exploration.

Answer: D

Sarani, B., Strong, M., Pascual, J., ef al. (2009) Necrotizing
fasciitis: current concepts and review of the literature.
Journal of the American College of Surgeons, 208 (2),
279-288.

Sartelli, M., Malangoni, M.A., May, A.K,, et al. (2014)
World Society of Emergency Surgery guidelines for
management of skin and soft tissue infections. World
Journal of Emergency Surgery, 9 (1), 57.

15 The patient in the previous question is taken to
the operating room for wide debridement of his
arm. At exploration, the surgeon notes there to
be ‘dishwater” fluid and liquefactive necrosis of
the fat, fascia, and underlying muscle, confirming
the diagnosis of necrotizing soft tissue infection
(NSTI).

In addition to repeat exploration and debride-
ment, what is the most appropriate empiric antibi-
otic regimen for this patient?

A Piperacillin/tazobactam + clindamycin +
metronidazole

B Vancomycin + meropenem

C Ciprofloxacin + vancomycin + ertapenem

D Clindamycin + vancomycin + imipenem/cilastatin

E Meropenem + ampicillin/sulbactam

Infectious Disease

Recommended empiric antibiotic coverage for NSTI
should include coverage of gram-positive, gram-negative,
and anaerobic organisms. Acceptable regimens include a
carbapenem (imipenem, meropenem, ertapenem) or
broad-spectrum penicillin with beta-lactamase inhibitor
(piperacillin/tazobactam) with coverage against MRSA
(vancomycin, daptomycin, linezolid) plus clindamycin
(for its antitoxin effects against certain strains of
Staphylococcus and Streptococcus, particularly in the
setting of shock).

Answer: D

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 (2),
279-288.

Stevens, D.L., Bisno, A.L., Chambers, H.E,, et al. (2014)
Practice guidelines for the diagnosis and management of
skin and soft tissue infections: 2014 update by the
Infectious Diseases Society of America. Clinical
Infectious Diseases, 59 (2), 10-52.

16 A 68-year-old woman is postoperative day 3 follow-
ing left hemicolectomy with colostomy and
Hartmann’s pouch due to perforated diverticulitis
with feculent peritonitis. Her postoperative course
is complicated by fever and worsening abdominal
pain. Intra-abdominal cultures taken at the time of
the operation grew ESBL (extended-spectrum [-
lactamase) Escherichia coli. The appropriate anti-
biotic regimen for this organism is:

A Vancomycin

B Cefepime

C Piperacillin-tazobactam
D Ceftaroline

E Meropenem

Increasing antimicrobial resistance is a major con-
cern. ESBLs are gram-negative bacteria, such as
Escherichia coli and Klebsiella pneumoniae, that
break open the p-lactam ring of penicillins, cephalo-
sporins, and aztreonam. Enterobacteriaceae and
Pseudomonas aeruginosa are other frequently encoun-
tered resistant pathogens. Examples of beta-lactam
antibiotics vulnerable to ESBsL are: piperacillin-
tazobactam, cefepime, and ceftaroline. Vancomycin
only treats gram-positive organisms. Carbapenems
are much more resistant to beta-lactamases than
the other p-lactams, although there has been an
emergence of carbapenem-resistant species, such as
Acinetobacter baumannii. Current treatment for ESBL
gram-negative infections is carbapenems.

Answer: E
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Mehrad, B., Clark, N.M., Zhanel, G.G,, et al. (2015)
Antimicrobial resistance in hospital-acquired gram-
negative bacterial infections. Chest, 147 (5), 1413-1421.

Paterson, D.L. and Bonomo, R.A. (2005) Extended-
spectrum B-lactamases: a clinical update. Clinical
Microbiology Reviews, 18 (4), 657—686.

Wong-Beringer, A. (2001) Therapeutic challenges
associated with extended spectrum, -Lactamase-
producing Escherichia coli and Klebsiella pneumoniae.
Pharmacotherapy, 21 (5), 583-592.

17 A 71-year-old man is in the ICU for five days after
colon resection for ischemic colitis. He is ventilated
and persistently febrile, with a white count of
17.1x 10°/microL. He is also receiving TPN via PICC
line. The patient was previously in septic shock and
steroids are currently being weaned. Urine cultures
have grown Candida glabrata, resistant to fluconazole
and caspofungin. The most appropriate antifungal is:
A Griseofulvin
B Traconazole
C Micafungin
D Voriconazole
E Amphotericin B deoxycholate

Candida glabrata has high rates of resistance to the
azoles (fluconazole, itraconazole, voriconazole). Risk
factors for systemic infection include prior antibiotic expo-
sure, Candida from other sites, central venous catheter,
TPN, and immunocompromised state. The appropriate
treatment is conventional amphotericin B deoxycholate.

Answer: E

Pappas, P.G., Kauffman, C.A., Andes, D.R,, et al. (2016)
Clinical practice guideline for the management of
candidiasis: 2016 update by the Infectious Diseases Society
of America. Clinical Infectious Diseases, 62 (4), 1-50.

18 Empiric therapy for VAP for a patient who has been
intubated in the hospital for 72 hours should cover
all of the following EXCEPT:

A Streptococcus pneumoniae

B Haemophilus influenzae

C Vancomycin-resistant Enterococcus (VRE)

D Methicillin-susceptible Staphylococcus
(MSSA)

E Pseudomonas aeruginosa

aureus

In patients without risk factors for MDR organisms, the
most common pathogens responsible for VAP are
Streptococcus, Haemophilus, MSSA, and Moraxella
species. Appropriate initial antibiotics are quinolones,
ceftriaxone, or ampicillin/sulbactam.

Risk factors for developing MDR pneumonia include:
prior antibiotic exposure (within 90 days), septic shock
at the time of VAD, five or more days of hospitalization
prior to the development of VAP and acute renal
replacement therapy prior to VAP. When the possibility
of MDR exists, treatment should be expanded to include
Pseudomonas  aeruginosa, Enterobacter, Serratia,
Klebsiella, and MRSA. Appropriate antibiotic choices
are vancomycin or linezolid for MRSA, and piperacillin-
tazobactam (beta-lactam/beta lactamase inhibitor),
fluoroquinolones, or aminoglycosides for Pseudomonas
coverage. VRE is not a common causative pathogen of
VAP. It is mainly born out of selection from antibiotic
administration.

Answer: C

Guillamet, C.V. and Kollef, M.H. (2015) Update on
ventilator-associated pneumonia. Current Opinion in
Critical Care, 21 (5), 430-438.

Kalil, A.C., Metersky, M.L., Klompas, M., et al. (2016)
Management of adults with hospital-acquired
and ventilator-associated pneumonia: 2016 clinical
practice guidelines by the Infectious Diseases Society
of America and the American Thoracic Society. Clinical
Infectious Disease, 63 (5), 61-111.

Kollef, M.H. (1993) Ventilator-associated pneumonia: a
multivariate analysis. Journal of the American Medical
Association, 270 (16), 1965-1970.
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Pharmacology and Antibiotics
Michelle Strong, MD and CPT Clay M. Merritt, DO

1 A 48-year-old female presents to the emergency room
for severe abdominal pain and fever. A CT scan shows
significant pneumoperitoneum most consistent with a
perforated duodenal ulcer, small volume ascites, and
a cirrhotic appearing liver. You are consulted as the
Acute Care Surgeon on call. The patient is a poor
historian, and you gain very little information about
her medical problems. On physical exam, you notice
she has a loop graft arteriovenous fistula in her left
arm, a large distended abdomen, and severe epigastric
pain. What is the main mechanism of metabolism
and elimination for the neuromuscular blocking agent
best suited for this patient during surgery?

A Hydprolysis of the drug by plasma cholinesterase
and elimination in the urine

B Metabolized and eliminated via spontaneous,
enzyme independent, chemical degradation

C No metabolism subsequently the drug is elimin
Cated unchanged in urine

D Metabolized by liver to less active metabolite and
mostly eliminated through the liver

E Metabolism by spontaneous degradation but
elimination is primarily in the urine

The patient described above has significant hepatic and
renal dysfunction. Most of the commonly used neuromus-
cular blocking agents (paralytics) require either hepatic
and/or renal function to effectively eliminate the paralytic
drug from the body; except cisatracurium (Table 10.1).
Cisatracurium, an isomer of atracurium, undergoes spon-
taneous chemical degradation (not an enzymatic process)
ina process known as Hofmann elimination. Cisatracurium
is unique from atracurium in that both metabolism and
elimination occur by Hofmann elimination. In this pro-
cess, cisatracurium degrades to two metabolites that do
not possess paralytic potential. Cisatracurium is often the
paralytic of choice in patients with severe hepatic and renal
dysfunction. Hofmann elimination is a temperature- and

pH-dependent process, and therefore the rate of degrada-
tion is highly influenced by body pH and temperature: An
increase in body pH favors the elimination process,
whereas a decrease in temperature slows down the pro-
cess. Atracurium undergoes Hoffman elimination as well,
however, unlike cisatracurium, it has an active metabolite
which is then mostly excreted in the urine.

Answer: B

Hull, C.J. (1995) Pharmacokinetics and pharmacodynamics
of the benzylisoquinolinium muscle relaxants. Acta
Anaesthesiologica Scandinavica, 39 (s106), 13-17.

Sparr, H.J., Beaufort, T.M., and Fuchs-Buder, T. (2001)
Newer neuromuscular blocking agents: how they
compare with established agents? Drugs, 61, 919-942.

2 A 70-year-old man has been admitted to the ICU after
colectomy because of his history of the end-stage renal
disease, respiratory failure, and pain management. The
procedure was uncomplicated, and the patient is extu-
bated 2 hours after admission to the ICU. On examina-
tion, 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 postopera-
tive pain management is most appropriate for this
patient?

A Fentanyl

B Morphine

C Oxycodone

D Hydromorphone
E Meperidine

Morphine should be used cautiously. Morphine metabo-
lites can accumulate increasing therapeutic and adverse
effects in patients with renal failure. Both parent and
metabolite can be removed by dialysis. Hydromorphone
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Table 10.1 Method of elimination of neuromuscular blocking agents.

Neuromuscular blocking agent Metabolism

Primary route of elimination

Succinylcholine (Answer A) Plasma cholinesterase

Cisatracurium (Answer B) Hofmann Elimination
Pancuronium (Answer C) Not metabolized
Vecuronium Liver
Rocuronium (Answer D) Liver

Atracurium (Answer E) Hofmann Elimination

Urine
Hofmann Elimination (77—-80%)
Urine
Liver
Liver

Urine

should be used cautiously and the dose adjusted as
appropriate in patients with renal failure. The 3-glucuro-
nide metabolite of hydromorphone can accumulate and
cause neuro-excitatory effects in these patients. The
parent drug can be removed by dialysis, but metabolite
accumulation remains a risk. Oxycodone should not be
used in patients with renal failure. Metabolites and
oxycodone itself can accumulate causing toxic and CNS-
depressant effects. There is no data on oxycodone and its
metabolites’ 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 dialysis. Fentanyl
appears safe, but dose adjustment is necessary. There are
no active metabolites to add a risk of adverse effects. Use
some caution because fentanyl is poorly dialyzable.

Answer: A

Davison, S.N. (2003) Pain in hemodialysis patients:
prevalence, cause, severity, and management. American
Journal of Kidney Disorders, 42, 1239-1247.

Foral, P.A., Ineck, J.R., and Nystrom, K.K. (2007)
Oxycodone accumulation in a hemodialysis patient.
Southern Medical Journal, 100, 212—-214.

Kurella, M. (2003) Analgesia in patients with ESRD: a
review of available evidence. American Journal of Kidney
Disorder, 42, 217-228.

3  You have just started your surgical practice at a new
level 3 trauma center. Much of your practice will focus
on gastrointestinal surgery. You would like to use the
drug alvimopan (Entereg) in your practice. The clinical
pharmacist reminds you about the prescribing limita-
tions for alvimopan. Which of the following options best
describes the prescription limitations of alvimopan?

A Max of 15 days of therapy, must start after surgery,
surgery must include bowel resection and
anastomosis

B Max of 15 doses of therapy, must start after surgery,
surgery must include bowel resection and colos-
tomy creation

C Max of 15 days of therapy, must start before
surgery, surgery must include bowel resection

D Max of 15 doses of therapy, must start before
surgery, surgery must include bowel resection and
anastomosis

E No max number of days or doses must start after
surgery, surgery must include bowel resection and
colostomy creation

Alvimopan (Brand name: Entereg) is a p-opiate receptor
antagonist that specifically targets peripheral p receptors
in the GI tract. Alvimopan has a boxed warning for an
association with increased incidence of myocardial infarc-
tion when the drug is used for more than one week (>15
doses). The Food and Drug Administration (FDA), through
the Food and Drug Administration Amendments Act of
2007 approved a Risk Evaluation and Mitigation Strategy
(REMS) for alvimopan’s association with increased myo-
cardial infarction incidence. The REMS for Alvimopan
requires hospitals to enroll in the Entereg Access Support
and Education (EASE) program. The EASE program helps
ensure proper usage of Alvimopan. Alvimopan prescrip-
tion limitations include those shown in Table 10.2.

Alvimopan has been shown to decrease time to return
to bowel function and length of hospital stay after open
abdominal surgery. One contraindication for use is a
patient taking opiates at therapeutic doses for greater
than seven days before starting alvimopan.

Answer: D

Table 10.2 Alvimopan prescription limitations.

Indication Inpatient undergoing partial bowel resection with
for use primary anastomosis

First dose 12mg PO given 30 minutes to 5 hours before surgery
Subsequent 12 mg PO given twice daily (BID) starting the
dosing day after surgery

Max dosing 15 doses

Patient Patient must be an inpatient while taking

status alvimopan




Vaughan-Shaw, P.G., Fecher, 1.C., Harris, S., et. al. (2012) A
meta-analysis of the effectiveness of the opioid receptor
antagonist alvimopan in reducing hospital length of stay
and time of GI recovery in patients enrolled in a
standardized accelerated recovery program after abdominal
surgery. Diseases of the Colon and Rectum, 55, 611-620.

Xu, L.L., Zhou, X.Q., Yi, PS,, et. al. (2016) Alvimopan
combined with enhanced recovery strategy for managing
postoperative ileus after open abdominal surgery: a
systematic review and meta-analysis. Journal of Surgical
Research, 203, 211-221.

4 A 64-year-old woman was on continuous electrocar-
diographic monitoring because of a history of coro-
nary artery disease following an open cholecystectomy.
On postoperative 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
B Prochlorperazine
C Metoclopramide
D Ondansetron
E Dexamethasone

Some 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 interval. Droperidol may also cause QT prolon-
gation. Fortunately, it rarely produces this phenomenon
at recommended doses. Ondansetron (serotonin antago-
nist) and metoclopramide (antidopaminergic and antiser-
otonergic) 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 multifac-
torial in origin. Drugs, physical stimuli, or emotional
stress can cause the release of neurotransmitters that
stimulate serotoninergic (5-HT3), dopaminergic (d2),
histaminergic (H1), and muscarinic (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 M1 receptors. Benzamides, such as metoclopramide
and domperidone, affect 5-HT3 and 5-HT4 receptors;
scopolamine is an M1-receptor antagonist, and diphen-
hydramine and cyclizine are H1-antagonists. Specific 5-
HT3-receptor antagonists, such as ondansetron and
granisetron, represent the most recently developed class
of antiemetics.

Pharmacology and Antibiotics
Answer: B

Sung, Y.E. (1996) Risks and benefits of drugs used in the
management of postoperative nausea and vomiting.
Drug Safety, 14, 181-197.

Yap, G.Y. and Camm, A.]. (2003) Drug induced QT
prolongation and torsades de pointes. Heart, 89,
1363-1372.

5 A 53-year-old woman who weighs 100kg and is 5ft
tall fell down several stairs and sustained an anterior
right hip dislocation. Her past medical history was
positive for chronic alcoholism. She underwent opera-
tive reduction. Preoperatively, her blood urea nitrogen
is 32mg/dL; serum creatinine is 3.3 mg/dL; serum glu-
cose was 155mg/dL, aspartate aminotransaminase
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 100mg q 12 h subcu-
taneously was begun.

Which one of the following statements about the
current 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), using standard dosing may
cause excessive anticoagulation. This patient is likely to
be over anticoagulated 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 clear-
ance of LMWHs results in predictable antithrombotic
activity; thus, anticoagulation monitoring is typically not
needed.

Answer: D
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Hirsch, J., Warkentin, T.E., Shaughnessy, S.G., et al. (2001)
Heparin and low-molecular-weight heparin:
mechanisms 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
empirically on Flagyl 500 mg orally every 8 hours. She
was transferred to the ICU for confusion, hypotension,
abdominal distention, and continued severe diarrhea.

All of the following would be appropriate treatment

considerations except:
A Vancomycin PO
B Surgical consultation
C Intravenous immunoglobulin
D Tigecycline IV
E 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 advocated 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 intrave-
nously, only reaches low therapeutic levels in the colon.
Therefore, even a slightly elevated minimal 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.

Because C. difficile colitis is a toxin-mediated disease,
it has been assumed that immune globulin acts by bind-
ing 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, B.J., Vlaminckx, B., Burkhardt, O., et al. (2009)
Intravenous tigecycline as adjunctive or alternative
therapy for severe refractory Clostridium difficile
infection. Clinical Infectious Diseases, 48,
1732-1735.

McPherson, S., Rees, C.]., Ellis, R., et 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, 229-231.

The next paragraph relates to questions 7 and 8.

7 A 62-year-old female is being treated with continu-
ous unfractionated heparin infusion for the last five
days. She has a mechanical mitral valve and is three
days postoperative from a difficult laparoscopic con-
verted to open cholecystectomy and has already
required one unexpected takeback to the OR. Her
platelet count has dropped by 60% over the last two
days. What is the best immediate option for her anti-
coagulation management?

A Stop heparin infusion and wait for platelets to
return to normal before restarting heparin

B Stop heparin infusion and start low molecular
weight heparin injections

C Continue heparin infusion and start coumadin
until INR is in therapeutic range

D Continue heparin infusion and start rivaroxaban

E Stop heparin infusion and start argatroban infusion

Heparin-induced thrombocytopenia (HIT) occurs when
antibodies bind to platelet factor 4 (PF4). The PF4-
heparin-antibody complex binds to and causes platelet
activation which promotes thrombosis. Hence when
considering this reaction, it is of no surprise that HIT
does not always present as thrombocytopenia in the face
of current heparin use. It can also present as life and limb
threatening thrombosis. The diagnosis of HIT is often
made clinically. A platelet drop of >50% of the patient’s
baseline platelet value in the face of current or past hepa-
rin administration should raise suspicion for HIT. HIT
has been found to occur in patients that have stopped
heparin use nearly 3 weeks prior. There are laboratory
tests available to diagnosis HIT. ELISA can be used to
test for antibodies against PF4. Functional assay testing
crosses patient serum with healthy donor platelets and
looks for subsequent platelet activation and aggregation.
ELISA testing is more sensitive than functional assay
testing with regards to identifying PF4 antibodies.
When HIT is suspected the first line treatment is to
stop heparin administration. Patients with HIT are not
just at risk for thrombocytopenia (and possible related
bleeding), but they are also at risk for significant throm-
bosis and thus require anticoagulation even after the
offending agent is stopped. By this rationale, answer
choices A, C, and D are wrong. This patient has a
mechanical mitral valve and therefore requires lifelong
anticoagulation. Though rivaroxaban (Factor-Xa inhibi-
tor) provides anti-coagulation, it is not an ideal agent for
this patient, who has already returned to the OR once,
because of its longer half-life (5-9 hours) and has no



specific reversal agent available. For this reason answer
choice D is again not the best answer. Answer choice B is
wrong because low molecular weight heparin can also
cause and perpetuate HIT. Argatroban (direct thrombin
inhibitor) has a half-life of approximately 40min in
patients with normal liver function and of the available
answer choices is the best choice for anticoagulation in
this patient.

Answer: E

8 The above patient has a rise in her platelet count to
normal levels and has stabilized from a surgical
standpoint. You would like to transition her from
argatroban to coumadin. Which of the following is the
best anticoagulation management for this patient?

A Start coumadin, continue argatroban until INR is 4
and then proceed with coumadin alone

B Start coumadin, continue argatroban until INR is 2
and then proceed with coumadin alone

C Stop argatroban and begin Coumadin once arga-
troban has been metabolized and cleared from
patient

D Stop argatroban and begin coumadin only if plate-
lets do not return to a normal level

E Start Coumadin, do not stop argatroban until the
patient is discharged from the hospital and her INR
is between 2 and 3

Patients with HIT remain in a thrombotic state even
after platelet counts return to normal. Stopping con-
tinuous anticoagulation therapy abruptly (without
transitioning to warfarin with a therapeutic INR) has
been associated with limb gangrene secondary to
thrombosis (why answers C and D are incorrect).
Argatroban can also elevate INR. Therefore, anticoag-
ulating the patient to a mildly supratherapeutic range
(INR of 4) and then rechecking INR 4-6 hours after
stopping the argatroban infusion is recommended (why
answers B and E are incorrect). Because of the throm-
botic state associated with HIT, patients require antico-
agulation for 3 months, though this patient will require
lifelong anticoagulation because of her mechanical
mitral valve. The decision to transition from continu-
ous infusion based anticoagulation to oral coumadin
anticoagulation is patient specific but usually occurs
when the platelet count is clearly on the rise or close to
normal. In surgical patients specifically, the decision to
transition also includes the stability of the patient and
the likelihood that the patient would require re-opera-
tion or intervention. An anticoagulant with a short half-
life would be preferred in the patient likely requiring
operative intervention.

Answer: A

Pharmacology and Antibiotics

Alving, B.M. (2003) How I treat heparin-induced
thrombocytopenia and thrombosis. Blood, 101,
31-37.

9  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 manage-
ment of overdose

C The mechanism of action of benzodiazepines is to
modulate the subunits of the gamma amino butyric
acid (GAB,) receptor

D Midazolam has rapid onset of action and a short
half-life of 1.5-3.5 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 sedative
medications used in the ICU. They have anxiolytic,
sedative-hypnotic, muscle relaxant, and anticonvul-
sant properties. Their mechanism of action is to mod-
ulate the benzodiazepine receptor (subunits of GABA 5
receptor). The binding of benzodiazepines to the
GABA 4 receptor increases the affinity of GABA and its
receptor, thereby increasing the opening frequency of
GABA, receptor. As a consequence of this, benzodiaz-
epines potentiate GABAergic neurotransmission. Most
benzodiazepines are metabolized by the liver, and the
metabolites are excreted by the kidneys. Thus, benzo-
diazepines are not effectively removed by hemodialy-
sis. Midazolam is a short-acting benzodiazepine that
has a half-life between 1.5 and 3.5hours. Midazolam
has properties that make it useful for continuous infu-
sion because it has a rapid onset of effects, it is potent,
and patients are usually awakened rapidly after discon-
tinuation of the infusion. Midazolam elimination may
be decreased in critically ill patients with low albumin,
decreased renal function, or obesity. Lorazepam is rec-
ommended in the ICU for patients requiring 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 treatment of
benzodiazepine overdoses. It reverses the effects of
benzodiazepines by competitive inhibition at the benzo-
diazepine binding site on the GABA 4 receptor.

Answer: B
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Murray, M.J., Oyen, L.J., and Browne, W.T. (2008) Use of
sedative, analgesics, and neuromuscular blockers, in
Critical Care Medicine: Principles of Diagnosis and
Management in the Adult, 3rd edn (eds J.E. Parrillo and
R.P. Dellinger), Mosby, Philadelphia, PA, pp. 327-342.

10  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 neurotransmis-
sion in the cerebrum and basal ganglia

C It acts to modulate subunits of the GABA recep-
tor in the limbic system of the brain

D It acts by binding to ay-adrenoreceptors located in
the locus coeruleus, subsequently releasing norepi-
nephrine and decreasing sympathetic activity

E Its effects are mediated by the activation of the y;
receptor

Dexmedetomidine is a new sedative agent that acts by
binding to aj-adrenoreceptors located in the locus
coeruleus with an affinity of 1620:1 compared with the
affinity of the a;-receptor. At this site, it releases nor-
epinephrine and decreases sympathetic activity. It has
sedative, analgesic, and amnestic properties.

Answer: D

Murray, M.J., Oyen, L.J., and Browne, W.T. (2008) Use of
sedative, analgesics, and neuromuscular blockers, in
Critical Care Medicine: Principles of Diagnosis and
Management in the Adult, 3rd edn (eds J.E. Parrillo and
R.P. Dellinger), Mosby, Philadelphia, PA, pp. 327-342.

11 A distinct advantage of lipid amphotericin B formu-
lations over traditional amphotericin B deoxycho-
late is:

A Lipid formulations are much less expensive

B Lipid formulations have higher clinical efficacy
with candidiasis infections

C Lipid formulations are better suited to treat
urinary tract fungal infections

D Lipid formulations are less renal toxic

E Lipid formulations can be used in pregnant
patients

Amphotericin B is an antibiotic by class. It is a member of
the polyene antibiotic family along with nystatin and
natamycin. However, it is the only one used for the treat-
ment of systemic fungal infections. Polyene antibiotics
bind to ergosterol, the fungal version of cholesterol, in the
fungal cell membrane. As a result of this binding, fungal
cell membrane permeability increases and the cell dies.

Amphotericin B comes in two broad types: lipid based
and traditional. There are three distinct lipid formulas.
The most important advantage of the lipid formulations
over amphotericin B deoxycholate is less renal toxicity
(Answer D). Amphotericin B deoxycholate has been
found to cause acute kidney injury in up to 50% of
patients. Lipid formulations, in general, are more expen-
sive (Answer A). There is no literature to support lipid
amphotericin B for candidiasis infections with regards to
clinical efficacy (Answer B). Amphotericin B deoxycho-
late is metabolized in the liver and eliminated from the
body via excretion in the urine. Lipid formulations
undergo less renal elimination than non-lipid ampho-
tericin and therefore are not ideal for treating urinary
fungal infections (Answer C). Both lipid formulations and
amphotericin B deoxycholate can be used safely in preg-
nant patients (both are Class B medications) (Answer E).

Answer: D

Moen, M.D,, Lyseng-Williamson, K.A., and Scott, L.J.
(2009) Liposomal amphotericin B: a review of its use as
empirical therapy in febrile neutropenia and in the
treatment of invasive fungal infections. Drugs, 69,
361-392.

Pappas, P.G., Kauffman, C.A., Andes, D.R, et al. (2015)
Clinical practice guideline for the management of
candidiasis: 2016 update by the Infectious Diseases
Society of America. Clinical Infectious Diseases, 62,
el—e50.

12 Which one of the following definitions of pharma-
cokinetic and pharmacodynamic principles in the
critically ill patient is incorrect?

A Drug absorption is altered by gut wall edema,
changes in gastric or intestinal blood flow, con-
current administration of enteral nutrition and
incomplete oral medication dissolution

B The volume of distribution is altered by fluid
shifts, hypoalbuminemia, and mechanical
ventilation

C Metabolic clearance by the liver, mostly via the
cytochrome Pysy 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 the
drug to increase the area under the inhibitory
curve.



Critically ill patients have alterations in both pharma-
cokinetics and pharmacodynamics of medications.
Pharmacokinetics characterizes what the body does to
a drug — the absorption, distribution, metabolism, and
elimination of the drug. Pharmacodynamics is what
the drug does to the body and describes the relation-
ship between the concentration of drug at the site of
action and the clinical response observed. Many fac-
tors affect drug absorption, distribution, and clearance
in the critically ill patient. Failure to recognize these
variations 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 disintegration 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, particularly after fluid resuscitation, and protein
binding 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 clear-
ance by the liver is the predominant route of drug
detoxification and elimination. With the hepatic dys-
function that may occur in the critically ill patient,
drug clearance may be decreased secondary to reduced
hepatic blood flow, decreased hepatocellular enzyme
activity, or decreased bile flow. A common pathway
for drug metabolism is the cytochrome P45y system.
Critical illness may compromise this system by
decreasing hepatic blood flow, intracellular oxygen or
cofactor availability. Antibiotics are usually catego-
rized as having either concentration dependent or
time-dependent killing. The activity of concentration-
dependent antibiotics increases as the peak serum
concentrations of drug increase. Time-dependent anti-
biotics kill at the same rate regardless of the peak
serum concentration that is attained above the MIC
(minimum 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 antibiotic
killing.

Answer: E

Devlin, ].W. and Barletta, J.F. (2008) Principles of drug
dosing in criticaly ill patients, in Critical Care Medicine:
Principles of Diagnosis and Management in the Adult,
3rd edn (eds J.E. Parrillo and R.P. Dellinger), Mosby,
Philadelphia, PA, pp. 343-376.
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13 Antibiotic resistance is a world crisis. Most nosoco-
mial outbreaks caused by antibiotic-resistant microor-
ganisms have occurred in patients hospitalized in an
ICU. Which of the following statements is an incor-
rect 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
surgical prophylaxis, gram-stain smears, cultures,
and other appropriate diagnostic tests should be
obtained before 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 microorganism(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 formu-
laries, policies on clinical microbiology laboratory on
reporting of susceptibility testing, and automatic stop
orders for surgical prophylaxis. Several principles can
reduce unnecessary antimicrobial therapy and improve
the use of the drugs that are given. Fever without indica-
tions of infection should not mandate automatically begin-
ning antimicrobial therapy in an ICU patient. Fever is not
uncommon in the postoperative patient, especially in the
early postoperative period. Appropriate cultures should
be obtained, and empiric antibiotics started if indicated,
especially if the patient is exhibiting signs and symptoms
consistent with sepsis. The need for continued antibiotic
therapy should be reassessed daily, and if diagnostic tests
are negative in 48—72 hours without signs of sepsis, anti-
microbial therapy should be stopped. Surgical antimicro-
bial prophylaxis should not extend beyond 24 hours
postoperatively and, in most cases, can be limited to one
postoperative 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, T.H., Owens, R.C., McGowan, J.E., Jr, et al. (2007)
Infectious Diseases Society of America and the Society
of Healthcare Epidemiology of America guidelines for
developing and institutional program to enhance
stewardship. Clinical Infectious Diseases, 44, 159-177.
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Maki, D.G., Crnich, C.J., and Safdar, N. (2008) Nosocomial
infection in the intensive care unit, in Critical Care
Medicine: Principles of Diagnosis and Management in
the Adult, 3rd edn (eds J.E. Parrillo and R.P. Dellinger),
Mosby, Philadelphia, PA, pp. 1003—-10609.

14 A 76-year-old obese woman (100kg) with diabetes
and a history of methicillin-resistant staph aureus
(MRSA) soft-tissue skin infection develops ventila-
tor-associated pneumonia following sigmoid colon
resection with colostomy and Hartmann's procedure
for perforation from diverticulitis. Broncho-alveolar
lavage gram-stain shows many gram-positive cocci.

From microbial sensitivity, pharmacokinetic, and
pharmacodynamic perspectives, which one of the fol-
lowing antimicrobial agents is likely to give optimal
empiric treatment?

A Cefepime 1 gm 1V q 12 hours

B Vancomycin 1 gm IV q 12 hours

C Linezolid 600mg IV q 12 hours

D Daptomycin 500mg 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 pneumonia (VAP). Cefepime
has activity against most Gram-negative bacilli, but poor
activity against methicillin-resistant S. aureus and ente-
rococci. Vancomycin 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 not be the best choice.
Specifically, the dose suggested here is not likely to result
in adequate lung penetration. There are great concerns
about the inactivation of daptomycin by pulmonary sur-
factants, 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 bactericidal for
clindamycin-susceptible isolates of MRSA. However,
clinical response rates of MRSA pneumonia 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 Journal of
Respiratory Critical Care Medicine, 171, 388—416.

15 A 55-year-old male with a history of severe COPD
was admitted with a diagnosis of septic shock from
perforated diverticulitis. He has no known drug
allergies. On hospital day 10 and ventilator day 9, he

develops a fever, purulent tracheal secretions and

requires more ventilator support. He is currently

receiving IV ciprofloxacin and metronidazole with a

good clinical response until now. He has also been

on CRRT for the last week. Which of the following

represents the best course of action for this patient’s

antibiotic regimen?

A Continue metronidazole, continue ciprofloxacin,
add levofloxacin

B Continue metronidazole, stop ciprofloxacin, add
piperacillin-tazobactam

C Continue ciprofloxacin, stop metronidazole, add
vancomycin

D Continue ciprofloxacin, stop metronidazole, add
piperacillin-tazobactam and vancomycin

E Continue metronidazole, stop ciprofloxacin, add
linezolid

The concern for this patient is the development of
ventilator-associated pneumonia (VAP). The Infectious
Disease Society of America (IDSA) released new guide-
lines for the management of VAP in 2016. Hospital anti-
biograms should be used to guide VAP treatment
decisions when at all possible. The antibiotic choices for
VAP are based on facility antibiograms and the proba-
bility of multidrug resistant (MDR) organisms causing
VAP. The goal is to tailor empiric antibiotic coverage to
the most likely organism(s) causing infection. Several
risk factors for MDR pathogens are provided by the
most recent guidelines (see Table 10.3).

This patient has at least three risk factors for MRSA
and MDR Pseudomonas VAP. Current guidelines advo-
cate two antipseudomonal antibiotics from two separate
classes (p-Lactam and non- B-Lactam) when patients
exhibit any risk factor for MDR Pseudomonas VAP. The

Table 10.3 Risk factors for MDR pathogens.

Risk Factors for Risk Factors for MDR

Risk Factors for MDRVAP  MRSA VAP Pseudomonas VAP

Prior IV antibiotic use Prior IV Prior antibiotic use

within 90 days antibiotic use  within 90 days
within 90 days

Septic shock at time of

VAP

ARDS preceding VAP

Five or more days of
hospitalization before
the occurrence of VAP

Acute renal replacement
therapy before VAP
onset




guidelines also recommend the addition of vancomycin
or linezolid for MRSA coverage, when risk factors are
present. Answer A is incorrect because ciprofloxacin
and levofloxacin are in the same class (antipseudomonal,
non-f-Lactam) and metronidazole offers no MRSA cov-
erage. Answer B is incorrect because there is no MRSA
coverage and only one agent is available for pseudomonas
coverage (piperacillin-tazobactam). Answer C is incor-
rect because it only offers one antibiotic for Pseudomonas
(ciprofloxacin). Answer E is incorrect because it offers
no coverage for Pseudomonas.

Answer: D

Kalil, A.C., Metersky, M.L., Klompas, M., et al. (2016)
Management of adults with hospital-acquired and
ventilator-associated pneumonia: 2016 clinical practice
guidelines by the Infectious Diseases Society of America
and the American Thoracic Society. Clinical Infectious
Diseases, 63, e61—elll.

16 A 65-year-old man has been in the ICU for one week
following an open cholecystectomy secondary to gan-
grenous 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 follow-
ing interventions is the best antimicrobial treatment
strategy for this patient?

A Discontinue ceftazidime, and start cefepime

B Add gentamicin

C Add fluoroquinolone

D Discontinue ceftazidime, and start meropenem
E Continue ceftazidime and add fluconazole

Despite the susceptibility results, the organism is not
sensitive to ceftazidime. Ceftazidime is a potent inducer
of chromosomal f-lactamase expression. Extended
spectrum f-lactamases (ESBLs) are plasmid-mediated
enzymes that inactivate all p-lactam antibiotics, except
for cephamycins (cefoxitin) and carbapenems. Detec-
tion of ESBLs is often difficult. Some microbiology lab-
oratories do not employ reliable methods, which may
result in false susceptible reporting 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 resist-
ance to other agents including aminoglycosides and
fluoroquinolones.

Pharmacology and Antibiotics

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, M.A. and Segreti, J. (2006) Overview of the
epidemiological profile and laboratory detection of
extended-spectrum beta-lactamases. Clinical Infectious
Disorders, 42, S153-S163.

17 An 18-year-old boy sustained multiple gunshot
wounds to the abdomen. He underwent multiple
laparotomies with resection of multiple enteroto-
mies and delayed abdominal closure. He received
antibiotic prophylaxis with cefoxitin for his lapa-
rotomies. On postoperative day 10, he developed
pneumonia. He had a bronchoalveolar lavage that
grew P. aeruginosa.

Which one of the following antimicrobial medica-
tions would be least likely to successfully treat this
patient?

A Levaquin 750mg IV q 24 hr

B Piperacillin/tazobactam 4.5 gm IV q 6 hr
C Ceftriaxone 1 gm 1V q 24 hr

D Meropenem 500mg 1V q 6 hr

E Amikacin 15mg/kg IV g24 hr

P aeruginosa is a ubiquitous, avirulent opportunist
organism. Its virulence is enhanced in critically ill
patients. Therapy is complicated by both intrinsic and
acquired resistance to a diverse spectrum of antimicro-
bials. Although antibiotic resistance in gram-negative
bacilli may occur from several mechanisms, one that
provides a foundation for understanding resistance is
related to f-lactamase production in gram-negative
organisms. These enzymes can be divided into catego-
ries of type I and nontype I enzymes. Type I f-lactamases
are chromosomally mediated, with production con-
trolled by the ampC gene. The microorganisms that pro-
duce these enzymes are Serratia, P aeruginosa,
Acinetobacter, Citrobacter, and Enterobacter. The mne-
monic “SPACE bugs” may be used to remember these
organisms. Nosocomial 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, carbapenems, fluoro-
quinolones, and fourth generation cephalosporins (i.e.,
cefepime). Type I f-lactamases have an affinity for ceph-
alosporins and thus, third-generation cephalosporins
are not stable in the presence of these enzymes (i.e.,
ceftriaxone). Also, 3-lactamase inhibitors, clavulanic acid,
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sulbactam, and tazobactam also lack stability against
these enzymes; however, tazobactam is the most likely to
resist their destruction. Thus, piperacillin/tazobactam is
effective against this micro-organism and is considered
an antipseudomonal penicillin.

Answer: C

Chastre, J., Wolff, M., Fagon, ].Y., 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,
2588-2598.

Godke, J. and Karam, G. (2008) Principles governing
antimicrobial therapy in the intensive care unit in
Critical Care Medicine: Principles of Diagnosis and
Management in the Adult, 3rd edn (eds J.E. Parrillo and
R.P. Dellinger) Mosby, Philadelphia, PA, pp. 1071-1088.

18 A 58-year-old male was struck by a motor vehicle
and had multiple significant injuries including bilat-
eral rib fractures with a flail segment on the right
and right pulmonary contusion. He was admitted to
the surgical/trauma ICU 10 days ago. He was intu-
bated during his initial assessment in the trauma
bay and has been difficult to wean from the ventila-
tor. He has had a central line in place since admis-
sion. He began spiking fevers 2 days ago and is now
requiring vasopressors. He was placed on piperacil-
lin/tazobactam and vancomycin empirically, but
clinically he has not improved. His blood cultures
come back positive for candida species pending.
What is the best treatment choice for this patient
with the current information?

A Fluconazole 200mg 1V daily

B Amphotericin B deoxycholate 3—5mg/kg IV daily
C Micafungin 100mg IV daily

D Flucytosine 25 mg/kg IV every 6 hours

E Voriconazole 2 mg/kg 1V daily

Empiric antifungal therapy should be considered in criti-
cally ill patients with risk factors for invasive candidiasis
and no other known cause of fever. It should be based on
clinical assessments of risk factors, surrogate markers for
invasive candidiasis, and/or culture data from nonsterile
sites. Empiric antifungal therapy should be started as
soon as possible in patients with risk factors and who
have clinical signs of septic shock. The preferred empiric
therapy for suspected candidiasis in nonneutropenic
patients in the ICU is an echinocandin (micafungin
100mg IV daily, caspofungin 70mg IV x 1 followed by
50mg IV daily, anidulafungin 200mg IV x 1 followed by
100 mg IV daily). Thus, answer C is correct. Fluconazole
at higher doses 800 mg IV x 1 followed by 400 mg I'V daily

is an acceptable alternative for patients who have not had
recent azole exposure. A is incorrect because the dose is
subtherapeutic. Lipid formulation of amphotericin B
3-5mg/kg IV daily is an alternative if there is an intoler-
ance to other antifungals. Amphotericin B deoxycholate
1mg/kg is the treatment of choice in neonatal candidia-
sis. Thus, B is incorrect since the lipid formulation would
be appropriate, also, the dose is too high for the deoxy-
cholate and likely toxic. Voriconazole is used in much
higher doses (6mg/kg) BID x2 then 3mg/kg BID but
offers little advantage over fluconazole as initial therapy.
It is recommended as step-down therapy for selected
cases of candidemia due to C. krusei, for additional mold
coverage and for neutropenic patients. Flucytosine is
usually used in combination with other antifungals and
reserved for very severe infections. It is used more com-
monly in combination with Amphotericin B for central
nervous system candidiasis.

Answer: C

Pappas, P.G., Kauffman, C.A., Andes, A.R,, et al. (2016)
Clinical practice guidelines for the management of
candidiasis: 2016 update by the Infectious Diseases
Society of America. Clinical Infectious Diseases, 62,
el—e50.

19 A 43-year-old diabetic woman who is found to have
a fever of 39.0°C and blood pressure 81/43 mm Hg 18
hours after exploratory laparotomy for lysis of adhe-
sions. She is transferred to the ICU, and her exami-
nation 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 uncommon, severe
infection that causes necrosis of the subcutaneous tis-
sue and fascia with sparing of the underlying muscle.
Two types, based on microbiology, are described. In
type, I, at least one anaerobic species is isolated along
with one or more facultative anaerobes and members of
Enterobacteriaceae. In type II, group A streptococci
(GAS) are isolated alone (also known as hemolytic strep-
tococcal gangrene). Predisposing 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, ery-
thematous, and edematous. The 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 streptococcal toxic shock syndrome. The
skin becomes dusky, and bullae develop. Streptococci
can usually be cultured from the fluid in the early bullae
or from the 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 peni-
cillin in the treatment of necrotizing fasciitis due to GAS.
Penicillin failure is probably due to a reduction in bacte-
rial expression of critical penicillin binding proteins dur-
ing 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 produc-
tion of regulatory elements controlling cell wall synthe-
sis, and has a long post-antibiotic effect.

Answer: A

Sarani, B., Strong, M., Pascual, ], et al. (2009) Necrotizing
fasciitis: current concepts and review of the literature.
Journal of the American College of Surgeons, 208,
279-288.

20 As the Acute Care Surgeon on-call, you have taken a
patient with an incarcerated ventral hernia to the
operating room for open surgical repair. You have
requested that the CRNA paralyze the patient
during the operation to ease your surgical approach.
The case goes well, and you alert the CRNA that you

Rocuronium Sugammadex

Figure 10.1

.r.l ‘\‘.

Pharmacology and Antibiotics

will be finished much faster than anticipated, how-
ever, the patient has just received another dose of
Rocuronium. What drug will reverse the paralytic
action of Rocuronium the fastest?

A Atropine

B Edrophonium

C Glycopyrrolate

D Neostigmine bn

E Sugammadex

Neuromuscular blocking agents (NMBAs) can be bro-
ken into two main classes: depolarizing and nondepo-
larizing agents. Succinylcholine is the only member of
the depolarizing class of NMBAs, and there is no rever-
sal agent available. The nondepolarizing NMBAs are
Rocuronium, Pancuronium, Vecuronium, Atracurium,
and its isomer, Cisatracurium. Neostigmine and other
acetylcholinesterase inhibitors (choices B and D) were
long the only reversal agents available for depolarizing
NMBAs. These agents increase the endogenous amount
of acetylcholine available for binding at the neuromuscu-
lar junction thus, competitively counteract the NMBAs
effect. Sugammadex (Choice E) was approved for use in
Europe in 2008 but not approved by the FDA for use in
the United States until December 2015. Sugammadex is
a novel class of drugs called Selective Relaxant Binding
Agents (SRBAs). The mechanism of action is twofold: 1)
encapsulating (chelating) steroid backboned NMBAs
(Rocuronium, Pancuronium, Vecuronium) making them
inactive and removing them from the neuromuscular
junction thus, restoring muscle function; 2) the NMBAs
that are already bound to nicotinic receptors will dissoci-
ate from the receptor. Sugammadex exerts its effect by
forming very tight complexes at a 1:1 ratio with aminos-
teroid muscle relaxants (rocuronium >vecuronium
>>pancuronium. The intermolecular (van der Waals’)
forces, thermodynamic (hydrogen) bonds, and hydro-
phobic interactions make the sugammadex—rocuronium
complex very tight (Figure 10.1). The resulting reduction in
free rocuronium plasma concentration creates a gradient
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between the tissue compartment (including the NMJ) and
plasma; free rocuronium moves from tissue to plasma,
with a reduction in nicotinic receptor occupancy at the
NM]J. Multiple trials have found Sugammadex is faster at
reversing Rocuronium and Vecuronium-induced paraly-
sis than both Neostigmine and Edrophonium (choices B
and D) while having similar adverse event profiles as
the traditional cholinesterase inhibitors. Atropine and
Glycopyrrolate (Choices A and C) are both anticholiner-
gic drugs that are often used in conjunction with cho-
linesterase inhibitors (Neostigmine and Edrophonium)
to help offset their cholinergic effects such as bradycar-
dia and excessive salivation. They have no role in NMBA
reversal when used by themselves.

Answer: E

Abrishami, A., Ho, J., Wong, J., et al. (2009) Sugammadex,
a selective reversal medication for preventing
postoperative residual neuromuscular blockade.
Cochrane Database of Systematic Reviews, 4.

Keating, G.M. (2016) Sugammadex: a review of
neuromuscular blockade reversal. Drugs, 76 (10),
1041-1052.

Welliver, M., McDonough, J., Kalynych, N., and Redfern, R.
(2009) Discovery, development, and clinical application
of sugammadex sodium, a selective relaxant binding
agent. Drug Design Development and Therapy, 2, 49-59.

21 The FDA issued a black box warning for increased
risk of death for which antibiotic when compared to
other antibiotics?

A Daptomycin
B Tigecycline
C Colistin

D Linezolid

E Caspofungin

On the basis of noninferiority trials, tigecycline received
FDA approval in 2005. In 2010, the FDA warned in a
safety communication that tigecycline was associated
with an increased risk of death. Tigecycline versus
active comparators demonstrated a significant increase
in mortality and noncore rates. Overall, tigecycline was
associated with a 0.7% absolute or 30% relative increase
in mortality and a 2.9% absolute or 12% relative increase
in noncore rates. In subgroup analysis, this effect was
independent of infection type, trial design, and study
size. Of importance, unfavorable outcomes were simi-
larly associated with tigecycline therapy for approved
and nonapproved indications. Although the underlying
cause of death in trials of tigecycline are uncertain, the
corresponding elevated risk of noncore suggests the
possibility of inadequate antimicrobial activity.
Tigecycline should not be used when other effective
antibiotic choices are available.

Answer: B

Prasad, P, Sun, J., Danner, R.L., et al. (2015) Excess deaths
associated with tigecycline after approval based on
noninferiority trails. Clinical Infectious Diseases, 54,
1699-1709.
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Transfusion, Hemostasis, and Coagulation
Erin Palm, MD and Kenji Inaba, MD

1 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
70/0mm Hg, heart rate 140 beats/min. 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 mas-
sive hemorrhage.
Current evidence most strongly supports the following

approach to blood component therapy for this patient:

A Early use of prothrombin complex concentrate
(PCC)

B Goal directed component transfusion based on PT/
PTT and platelet count

C Avoidance of un-crossmatched blood transfusion

D Transfusion of blood components in a fixed ratio

E Minimizing transfusion of fresh frozen plasma

In patients receiving massive transfusion, studies have
shown a survival advantage in patients who received a
high ratio of FFP to PRBC during initial resuscitation.
Retrospective studies originating from the military and
civilian experience found that the optimal ratio of FFP:PRBC
transfusion may be as high as 1:1. A prospective, rand-
omized controlled trial comparing a transfusion ratio of
1:1:1 FFP:platelet:PRBC versus a 1:1:2 ratio demonstrated
improved hemostasis and fewer deaths from hemorrhage
by 24 hours in the 1:1:1 group. There was no increase in
respiratory complications in the 1:1:1 group, despite prior
retrospective associations between increased FFP transfu-
sion and acute respiratory distress syndrome (ARDS).
However, the study did not demonstrate a difference in
overall mortality between the two arms. The preponder-
ance of evidence currently supports a balanced transfusion
strategy that targets an FFP:PRBC ratio approaching 1:1.

PCC is effective for rapid reversal of oral anticoagu-
lants such as warfarin. Outside of this special population,
the role of PCC in trauma remains unproven.

Component therapy based on traditional lab results
will result in a marked delay in administration of FFP and
platelets. In addition, laboratory studies may not accu-
rately represent in vivo clotting activity.

Although crossmatched blood minimizes the risk of trans-
fusion reaction, performing crossmatch may take too long
in a bleeding patient. Initial resuscitation with un-cross-
matched type-specific or type O blood may be necessary.

Answer: D

Holcomb, J.B., Tilley, B.C., Baraniuk, S., et al. (2015)
Transfusion of plasma, platelets, and red blood cells in a
1:1:1 vs a 1:1:2 ratio and mortality in patients with severe
trauma: the PROPPR randomized clinical trial. Journal
of the American Medical Association, 313 (5), 471-482.

2 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, car-
diac contusion, humerus fracture, clavicle fracture,
and brachial plexus injury. Blood pressureis 130/85 mm
Hg. He is currently undergoing a spontaneous breath-
ing trial. The patient’s hemoglobin is 8.1g/dL from 8.0
yesterday, platelets 30 000/mm® from 31 000/mm>,
prothrombin time 18s from 18s, and partial thrombo-
plastin time 42s from 20s. The patient has not been
transfused any blood products during this admission.

Which blood products should be transfused at this
time?
A Red blood cells, platelets, and fresh-frozen plasma
B Red blood cells and platelets
C Red blood cells
D Platelets
E No blood products
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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 7.0-9.0g/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 sig-
nificantly less with a restrictive strategy.

In the absence of clinical bleeding, FFP transfusion
may be associated with an increased incidence of acute
lung injury.

Evidence to support prophylactic platelet transfusion
in critically ill patients without active bleeding is con-
flicting. Several authors have recommended avoidance
of prophylactic platelet transfusion altogether, while oth-
ers have recommended thresholds ranging from 10 000/
mm? to 100 000/mm? for patients at risk of bleeding.

Answer: E

Hébert, P.,, Wells, B., Blajchman, M., et al. (1999) A
multicenter, randomized, controlled clinical trial of
transfusion requirements in critical care. New England
Journal of Medicine, 340 (6), 409-417.

Napolitano, L., Kurek, S., and Luchette, F. (2009) Clinical
practice guideline: red blood cell transfusion in adult
trauma and critical care. Critical Care Medicine, 37 (11),
3124-3157.

3 A 68-year-old woman is admitted to the surgical
intensive care unit after a fall resulting in a right
femoral neck fracture. The patient’s home medications
include warfarin for atrial fibrillation. On admission,
her laboratory tests are Hg 10.4g/dL, Hct 32%, plate-
let count 155 000/mn1’, prothrombin time 32s, INR
3.1, and activated thromboplastin time 33s. In prepa-
ration for surgery, six units of FFP are ordered to
reverse her anticoagulation. After transfusion of two
units FFD, the patient complains of shortness of breath,
and develops a fever of 38.5°C, heart rate of 115 beats/
min, and SaO, 85%. Respiratory status deteriorates
rapidly, requiring intubation and mechanical ventila-
tion. A chest X-ray demonstrates diffuse bilateral
infiltrates. CVP is 10mm Hg.

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

Early fever, hypoxia, and pulmonary infiltrates associated
with transfusion are most typical of transfusion-associated

acute lung injury (TRALI). TRALI is a serious complica-
tion of transfusion 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
clinical evidence of left atrial hypertension. Additional
criteria include: acute lung injury developing during or
within six hours of transfusion, no acute lung injury pre-
sent before transfusion, or a clinical course that suggests
acute lung injury worsening as a result of transfusion.
Symptoms include dyspnea, hypotension and fever. The
treatment of TRALI is respiratory support, including
measures to avoid worsening of lung injury.

Transfusion of all types of blood products can cause
TRALIL Pathogenesis is related to donor antibodies in the
transfused blood, and may also be related to modifications
of stored blood. Measures to prevent TRALI include a
restrictive transfusion policy, as well as blood bank meas-
ures such as predominant use of plasma from male donors.

The differential diagnosis of respiratory distress dur-
ing or after transfusion includes TRALI, transfusion-
associated circulatory overload (TACO), anaphylactic
reaction, and bacterial contamination of blood products.
The patient presented is unlikely to have TACO as evi-
denced by associated fever and relatively low CVP.

Corticosteroids, antibiotics, and heparin are not indi-
cated in the treatment of TRALI. The role of diuretics is
unclear and their use should be individualized.

Answer: E

Benson, A., Moss, M., and Silliman, C. (2009) Transfusion-
related acute lung injury (TRALI): a clinical review with
emphasis on the critically ill. British Journal of
Haematology, 147, 431-443.

Lin, Y., Saw, C.L., Hannach, B., and Goldman, M. (2012)
Transfusion-related acute lung injury prevention
measures and their impact at Canadian Blood Services.
Transfusion, 52 (3), 567-574.

4 A 32-year-old woman involved in a high-speed motor
vehicle collision, sustained an open book pelvic fracture.
CT of the pelvis shows active extravasation of contrast.
She becomes hypotensive and massive transfusion proto-
col is activated. Which of the following is true regarding
use of tranexamic acid (TXA) in trauma patients?

A TXA is effective if administered within 24 hours of
presentation

B TXA is an inhibitor of fibrinolysis

C Patients who receive TXA are at increased risk of
vascular occlusive events such as stroke and MI

D There is no data to support a mortality benefit in
trauma patients who receive TXA

E TXA reduces hemorrhage, but is not cost effective
due to the high price of the drug



The activation of the clotting cascade in surgery and
trauma also activates the pathway for clot breakdown,
fibrinolysis. Hemorrhaging patients may develop patho-
logic hyper-fibrinolysis, contributing to coagulopathic
bleeding. Tranexamic acid (TXA) is a synthetic deriva-
tive of the amino acid lysine that inhibits fibrinolysis by
blocking the lysine binding site on plasminogen. In elec-
tive surgery patients, TXA has been shown to reduce the
need for blood transfusion.

The CRASH-II trial was a randomized, placebo-con-
trolled trial of TXA in trauma patients with significant
bleeding. CRASH-II demonstrated a significant reduc-
tion in all-cause mortality, as well as deaths due to hem-
orrhage, in the patients who received TXA. There was no
increase in vascular occlusive events in patients receiv-
ing TXA.

TXA should be administered within 3 hours of presen-
tation for greatest benefit. The dosing used in the trial
was 1 gram infused over 10 minutes, followed by a sec-
ond dose of 1 gram over 8 hours.

Multiple studies demonstrate that TXA is cost effec-
tive, including trauma patients. It is available as an inex-
pensive generic medication.

Answer: B

The CRASH-2 Collaborators (2010) Effects of tranexamic
acid on death, vascular occlusive events, and blood
transfusion in trauma patients with significant
hemorrhage (CRASH-2): a randomized, placebo-
controlled trial. Lancet, 376, 23-32.

5 Liberal transfusion of packed red blood cells (PRBCs)
in stable ICU patients is associated with:
A Improved oxygen consumption
B Increased incidence of nosocomial pneumonia
C Decreased incidence of acute respiratory distress
syndrome (ARDS)
D Decreased mortality
E Decreased incidence of multi-organ failure

Contemporary evidence-based guidelines discourage
liberally transfusing PRBCs in most non-bleeding
patients. Although transfusion of PRBCs was tradi-
tionally used to improve oxygen delivery, multiple
studies have failed to demonstrate an improvement in
end-organ oxygen consumption with transfusion. This
may be partially explained by the decreased deforma-
bility and adverse microcirculatory effects of stored
red blood cells.

Risks associated with PRBC transfusion include fluid
overload, fever, acute transfusion reaction, increased
rate of multi-organ failure, increased infection rates,
transfusion-associated immunomodulation, human

Transfusion, Hemostasis, and Coagulation

error with incorrect blood administration, TRALI, and
viral transmission.

Answer: B

Hebert, P.,, Wells, G., Blajchman, M., et al. (1999) A
multicenter, randomized, controlled clinical trial of
transfusion requirements in critical care. New England
Journal of Medicine, 340 (6), 409-417.

Mirski, M.A., Frank, S.M., Kor, D.]., et al. (2015) Restrictive
and liberal red cell transfusion strategies in adult
patients: reconciling clinical data with best practice.
Critical Care Medicine, 19 (1), 1-11.

6 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 500 cc 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 1V splenic laceration
and active contrast extravasation on abdominal
CT scan

E A 71-year-old woman taking warfarin for atrial
fibrillation who sustained a loss of consciousness
after falling down a flight of stairs

Massive transfusion has been variably defined as>10
units PRBC in the first 6—24 hours. Definitions may also
include a rate of transfusion such as =3 units PRBC per
hour. Survival in trauma patients who require massive
transfusion can be improved by timely administration of
blood products in proper ratios. In several major trauma
centers, implementation of a massive transfusion proto-
col (MTP) to streamline the rapid and continued deliv-
ery of appropriate blood products has been shown to
improve outcomes.

When activated, the MTP should result in rapid deliv-
ery of PRBCs and FFP. The goal is to achieve balanced
FFP:PRBC transfusion ratios of between 1:1 and 1:2.
Some MTPs also provide platelets in a balanced ratio.

There are no uniformly accepted criteria for activating
an MTP. Clinical factors that have been validated as
individual predictors of massive transfusion when
measured at the time of presentation are: systolic
blood pressure<90mm Hg, heart rate =120 beats/
min, positive fluid on abdominal FAST, INR > 1.5, and
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arterial base deficit>6. Emergency department trans-
fusion of uncrossmatched PRBC is also associated with
massive transfusion. Alternatively, protocols can be initi-
ated when a specific threshold such as 6-10 PRBC has
been transfused, to ensure subsequent transfusion of one
unit of FFP for each unit PRBC.

Of the above patients, only patient C has a clear indica-
tion for initiation of MTP.

Answer: C

Callcut, R.A., Cotton, B.A., Muskat, P, et al. (2013)
Defining when to initiate massive transfusion: a
validation study of individual massive transfusion
triggers in PROMMTT patients. Journal of Trauma and
Acute Care Surgery, 74 (1), 59-65.

Riskin, D.J., Tsai, T.C., Hernandez-Boussard, T., et al.
(2009) Massive transfusion protocols: the role of
aggressive resuscitation versus product ratio in mortality
reduction. Journal of the American College of Surgeons,
209 (2), 198-205.

7 A 33-year-old man is undergoing exploratory laparot-
omy for a gunshot wound to the liver with massive
hemorrhage and hemorrhagic shock. Rapid thrombel-
astography (TEG) demonstrates a prolonged activated
clotting time (ACT), prolonged K time, decreased angle
(TEG ) and normal maximum amplitude (MA).

Using goal-directed component replacement based
on the above rapid TEG results, this patient should
receive:

A Fresh frozen plasma

B Platelets

C Fresh frozen plasma and platelets
D Aminocaproic acid

E 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
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Figure 11.1

blood. A rapid TEG differs from conventional TEG
because tissue factor is added to the whole blood speci-
men, resulting in accelerated reaction and subsequent
analysis.

The R value, which is recorded as activated clotting
time (ACT) in the rapid TEG specimen, reflects clotting
factor activation and the time to onset of clot formation
(Figure 11.1). 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 beginning of clot
formation to a fixed level of clot firmness measured at a
standard 20mm amplitude. It reflects the activity of
thrombin which cleaves fibrinogen. Similarly, the o 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 transfusion of FFP or cryoprecipitate.

The maximum amplitude (M A) measures the final clot
strength, reflecting the end result of platelet-fibrin inter-
action. 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.

Answer: A

Inaba, K., Rizoli, S., Veigas, PV., et al. (2015) 2014
consensus conference on viscoelastic test-based
transfusion guidelines for early trauma resuscitation:
report of the panel. Journal of Trauma and Acute Care
Surgery, 78 (6), 1220—-1229.

Johansson, PI, Stensballe, J., Oliveri, R., et al. (2014) How I
treat patients with massive hemorrhage. Blood, 124 (20),
3052-3058.

8 A 53-year-old man with hepatitis C cirrhosis presents
with massive hematemesis. He has a history of portal



hypertension and esophageal varices. He is intubated

in the ER. An NG tube is placed with ongoing

bloody output, and his blood pressure is 70/50 mm

Hg. Massive transfusion protocol is activated. The

patient’s blood type is unknown and crossmatch is

pending. In addition to type O packed red blood cells

(PRBCs), what type of plasma should be transfused?

A Blood group O plasma only

B Blood group AB plasma only

C Blood group B plasma only

D Blood group AB plasma, or low titer anti-B group A
plasma

E Blood group O plasma, or low titer anti-B group A
plasma

In massively bleeding patients, plasma should be trans-
fused with PRBCs in a roughly equal ratio. This cirrhotic
patient also has increased risk of coagulopathy due to
poor liver synthesis of clotting factors.

Blood group AB is the “universal plasma donor” Group
AB plasma lacks anti-A and anti-B isohemagglutinins.
To avoid an ABO-incompatible transfusion in a patient
whose blood type is unknown, type AB plasma should be
used. Plasma does not need to be Rh-compatible.

One drawback of making thawed plasma available for
MTP is plasma wastage. Most plasma is frozen shortly
after collection and stored as fresh frozen plasma (FFP).
When thawed, plasma must be used within 5 days. An
alternative is to use liquid plasma (i.e., never frozen
plasma), which has a shelf life of weeks rather than days.

Donors with blood group AB are rare. To conserve AB
plasma, some institutions have implemented protocols
that use thawed group A plasma for emergency release.

Answer: D

Novak, D.J.,, Bai, Y., Cooke, R.K,, et al. (2015) Making
thawed universal donor plasma available rapidly for
massively bleeding trauma patients: experience from the
Pragmatic, Randomized Optimal Platelets and Plasma
Ratios (PROPPR) trial. Transfusion, 55 (6), 1331-1339.

Zielinski, M.D., Johnson, P.M., Jenkins, D., et al. (2013)
Emergency use of prethawed Group A plasma in trauma
patients. Journal of Trauma and Acute Care Surgery, 74
(1), 69-74.

9  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
transfusion if sufficient FFP is transfused

C Apbheresis platelets are more effective than pooled
donor platelets

Transfusion, Hemostasis, and Coagulation

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

Retrospective studies show improved survival in trauma
patients who receive a high ratio of platelets to packed
red blood cells during massive transfusion. A high ratio
of platelets to PRBC is defined variably in these studies
as approximately one unit of apheresis platelets for every
6—10 units of PRBC transfused. Additionally, the rand-
omized controlled PROPPR trial showed faster hemo-
stasis and fewer deaths from hemorrhage in the group
treated with a higher ratio of FFP and platelets to PRBC.
During a massive transfusion, platelets should be trans-
fused in an appropriate ratio without waiting for clinical
laboratory results to confirm low platelet counts.

No study has definitively compared outcomes between
apheresis and pooled donor platelets in trauma patients.
One unit of apheresis platelets is obtained from a single
donor, while pooled platelets are combined from six to
eight donors. As a result, pooled platelets have a higher
risk of bacterial contamination as well as viral transmis-
sion, however there is no difference in transfusion-
related lung injury.

Answer: A

Holcomb, J.B., Tilley, B.C., Baraniuk, S., et al. (2015)
Transfusion of plasma, platelets, and red blood cells in a
1:1:1 vs a 1:1:2 ratio and mortality in patients with severe
trauma: The PROPPR randomized clinical trial. Journal
of the American Medical Association, 313 (5), 471-482.

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, 573-579.

10 A 35-year-old man is admitted to the intensive care
unit following an emergency splenectomy and
nephrectomy for injuries sustained in a motorcycle
crash. He required a total of 12 units packed red
blood cells intraoperatively. What electrolyte abnor-
mality is most likely to occur?

A Hypokalemia

B Hyperkalemia

C Hypocalcemia

D Hypomagnesemia

E Respiratory acidosis

Hypocalcemia is the most common abnormality associated
with massive transfusion, occurring in>90% of patients
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receiving a massive blood transfusion. Stored blood is
anticoagulated with citrate, which binds calcium and
causes hypocalcemia after large-volume blood transfu-
sion. Complications of hypocalcemia include prolonged
QT, decreased myocardial contractility, hypotension,
muscle tremors, pulseless electrical activity and ventric-
ular fibrillation.

Hyper- and hypokalemia are both common electrolyte
abnormalities following massive transfusion, with each
occurring in approximately 20% of patients. The potas-
sium concentration of plasma increases in stored blood,
becoming higher with increased duration of PRBC stor-
age. Rapid transfusion through a central venous catheter
has been associated with cardiac arrest in vulnerable
populations, including critically ill adults.

Hypomagnesemia may also result from dilution, or
from the binding of magnesium to citrate.

Acidosis occurs in approximately 80% of massive
transfusion patients, however it is most commonly
metabolic acidosis.

Answer: C

Giancarelli, A., Birrer, K.L., Alban, R.F,, et al. (2016)
Hypocalcemia in trauma patients receiving massive
transfusion. Journal of Surgical Research, 202 (1),
182-187.

Sihler, K. and Napolitano, L. (2010) Complications of
massive transfusion. Chest, 137, 209-220.

11 A 71-year-old woman taking warfarin for chronic
atrial fibrillation arrives in the emergency depart-
ment after a fall down a flight of stairs at home. She
is awake and able to follow commands, but a large
scalp hematoma is noted. A CT head shows a sub-

durdal hematoma.
What is the fastest way to reverse her
coagulopathy?
A Activate the massive transfusion protocol
B Administer 4-factor prothrombin  complex

concentrate

C Transfuse fresh frozen plasma

D Transfuse fresh frozen plasma and administer
vitamin K

E No reversal is needed because her GCS is 15

A protocol for the rapid evaluation, diagnosis, and treat-
ment of anticoagulated trauma patients reduces the
mortality of warfarin-anticoagulated trauma patients
with intracranial hemorrhage. Protocols include emer-
gent CT head and rapid reversal of coagulopathy.
Historically, warfarin reversal was achieved with rapid
administration of FFP. In 2013, the US FDA approved
Kcentra, a 4-factor prothrombin complex concentrate

(PCC). A randomized controlled trial comparing 4-
factor PCC to FFP for treatment of major bleeding in
patients on vitamin K antagonists showed 4-factor PCC
achieved rapid reversal of the INR more effectively than
FFP. The safety profile in the two groups was the same.

Since its approval in the US, experience with Kcentra
in trauma settings has been favorable. However, access to
Kcentra may still be limited at some institutions, so it is
important to consider including PCC in hospital proto-
cols for rapid reversal of anticoagulation to ensure its
timely availability.

Answer: B

Berndtson, A.E., Huang, W.T., Box, K., et al. (2015) A new
kid on the block: outcomes with Kcentra 1 year after
approval. Journal of Trauma and Acute Care Surgery, 79
(6), 1004—1008.

Sarode, R., Milling, T.J., Jr, Refaai, M.A., et al. (2013)
Efficacy and safety of a 4-factor prothrombin complex
concentrate in patients on vitamin K antagonists
presenting with major bleeding: a randomized, plasma-
controlled, phase IIIb study. Circulation, 128 (11),
1234-1243.

12 A 26-year-old previously healthy woman is admit-
ted to the surgical ICU after appendectomy for per-
foratedappendicitiswithperitonitis. Post-operatively
she required reintubation for progressive shortness
of breath and hypoxia. A chest X-ray demonstrates
diffuse bilateral infiltrates. On the first postopera-
tive day, platelet count is 75 000/mm®, PT 19s,
PTT 50s, oozing is noted from IV sites, and blood
is suctioned from her endotracheal tube. Which
of the following test results would be consistent
with the diagnosis of disseminated intravascular
coagulation?

A Increased antithrombin level

B Elevated fibrin degradation products
C Decreased bleeding time

D Elevated fibrinogen level

E Decreased D-dimer

Disseminated intravascular coagulation (DIC) is charac-
terized by widespread microvascular thrombosis with
activation of the coagulation system and impaired pro-
tein synthesis, leading to exhaustion of clotting factors
and platelets. The end result is organ failure and profuse
bleeding from various sites. DIC is always associated
with an underlying condition that triggers diffuse acti-
vation of coagulation, most commonly sepsis, trauma
with soft tissue injury, head injury, fat embolism, cancer,
amniotic fluid embolism, toxins, immunologic disor-
ders, or transfusion reaction.



There is no single laboratory test that can confirm or
rule out a diagnosis of DIC. A combination of tests in a
patient with an appropriate clinical condition can be
used to make the diagnosis. Low platelet count, elevated
fibrin degradation products or D-dimer, prolonged pro-
thrombin time, and low fibrinogen level are all consistent
with a diagnosis of DIC.

Answer: B

Levi, M. (2007) Disseminated intravascular coagulation.
Critical Care Medicine, 35 (9), 2191-2195.

13 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 identified. Dorsal pedal and posterior tibial
pulses were normal. Admission laboratory studies
showed hemoglobin of 11.3g/dL, platelet count 210
000/mn*, prothrombin time of 12.8s, and activated
partial thromboplastin time of 65s. He underwent
irrigation and debridement in the operating room
with no vascular injury identified. Throughout the
operation, the surgeons noted significant ongoing
bleeding from the exposed soft tissues, saturating
through multiple dressings. Dorsal pedal and poste-
rior tibial pulses remained intact.

Which one of the following is the most likely etiol-
ogy 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 bleeding is delayed. An
alternative presentation is a large subcutaneous or soft
tissue hematoma after an invasive procedure.

Patients with mild or moderate hemophilia A have a
factor VIIIlevel thatis 1-50% of normal. These patients
may have no history of spontaneous bleeding into
joints or soft tissues, yet may develop significant bleed-
ing complications after trauma or surgery. Laboratory
abnormalities 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 VIII.
Hemophilia B (Factor IX deficiency) has a similar pres-
entation and treatment. In an emergency, if specific
clotting factors are not available, FFP or prothrombin
complex concentrate can be used to treat hemophiliac
bleeding.

Transfusion, Hemostasis, and Coagulation

In contrast to clotting factor deficiencies, platelet
defects including Von Willebrand disease are typically
characterized by spontaneous mucocutaneous 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 presenta-
tion of bleeding and normal distal pulses.

Answer: B

Cohen, A. (1995) Treatment of inherited coagulation
disorders. American Journal of Medicine, 99, 675-62.

Mensah, P.K. and Gooding, R. (2015) Surgery in patients
with inherited bleeding disorders. Anaesthesia, 70
(Suppl 1), 112-120.

14 A 61-year-old woman with a history of aortic steno-
sis and chronic renal insufficiency underwent aortic
valve replacement. Unfractionated heparin was
started 6 hours after surgery. On post-operative day
5, 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 3 to 90 000/mmt® on day 5, and creati-
nine increased from 1.8 mg/dL on day 3 to 2.9 mg/dL
on day 5. She was taken to the operating room where
she underwent thrombectomy of the right femoral
artery. Intraoperatively, extensive white clot was pre-
sent in the superficial femoral artery.
Which therapeutic option is most appropriate at

this time?

A Discontinue unfractionated heparin and start
argatroban

B Discontinue unfractionated heparin and start
enoxaparin

C Discontinue unfractionated heparin and start
lepirudin

D Increase unfractionated heparin

E Discontinue anticoagulation

The patient likely has heparin-induced thrombocytope-
nia (HIT). HIT is a life-threatening disorder that occurs
after exposure to unfractionated, or less commonly, low
molecular weight heparin. HIT usually occurs after
5-10 days of heparin therapy and is caused by antibodies
against the heparin-platelet factor 4 complex. Thrombotic
complications occur in 20-50% of patients. The throm-
bus associated with HIT has been described as “white
clot” with predominantly fibrin platelet aggregates and
few red blood cells.
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Thrrombocytopenia is common in the critically ill,
and diagnosis of HIT can be difficult. Laboratory
confirmation includes immunoassay for the detection
of PF4-heparin antibodies and a confirmatory func-
tional assay measuring serotonin release from acti-
vated platelets. Delays in obtaining test results often
mean that management decisions must be made on the
basis of clinical suspicion. Clinical findings that imply
a diagnosis HIT are:

e Platelet fall of more than 50% from baseline, with
platelet nadir>20,000. Profound thrombocytopenia
suggests a cause other than HIT

e Onset on day 5-10 of heparin exposure

e Thrombosis, skin necrosis, or an anaphylactoid reac-
tion after heparin bolus

o No other cause for the thrombocytopenia is present.

Treatment of HIT includes discontinuation of all sources
of heparin and if anticoagulation is clinically warranted,
use of a direct thrombin inhibitor such as lepirudin,
argatroban, or bivalirudin. Lepirudin requires renal
clearance and should be avoided in renal insufficiency.
Therefore, treatment with argatroban is the best answer
in this case.

Answer: A

Greinacher, A. (2015) Heparin-induced thrombocytopenia.
New England Journal of Medicine, 373 (3), 252—-261.

15 A 55-year-old homeless man is admitted to the ICU
after being found down in a local park. He is lethar-
gic, hypoxic, mildly hypotensive, and tachycardic.
Chest X-ray demonstrates multiple right rib frac-
tures with a large right pleural effusion. Laboratory
data include white blood cell count 15 000/mm’,
hemoglobin 9g/dL, platelet count 90 000/mm>, pro-
thrombin time 13s, 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
B Platelet transfusion
C Fresh frozen plasma
D Desmopressin acetate
E Hemodialysis

This patient is profoundly uremic with clinical evidence
of bleeding. Coagulopathy in uremic patients is multi-
factorial and includes platelet dysfunction. It results in
mucocutaneous bleeding, and bleeding 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 difficult to control.

Desmopressin acetate (ADAVP) is the simplest way to
rapidly improve platelet function in the uremic patient.
The dose of dDAVP is 0.3-0.4pug/kg administered
either intravenously or subcutaneously. Desmopressin
acts by increasing the release of Factor VIII and von
Willebrand Factor (vWF) from the endothelium and
will cause improvement in bleeding time within one
hour. Unfortunately, the effect is short lived, lasting
4-24 hours, and tachyphylaxis may develop with
repeated doses.

Cryoprecipitate is a source of Factor VIII, vWF and
fibrinogen. It acts rapidly and can be used to treat coagu-
lopathic bleeding. However, its effect may be unpredict-
able in uremic patients.

Hemodialysis can correct the bleeding time in uremic
patients, but is time consuming and may acutely pro-
long bleeding through platelet activation on artificial
surfaces.

Administering conjugated estrogens can achieve more
sustained control of uremic bleeding, with peak efficacy
reached after five to seven days.

A platelet transfusion should be given if the effusion is
found to be a hemothorax, or if there is evidence of ongo-
ing bleeding at any site.

Answer: D

Hedges, S., Dehoney, S., Hooper, ., et al. (2007)
Evidence-based treatment recommendations for
uremic bleeding. Nature Clinical Practice Nephrologyi,
3 (3), 138-153.

Mannucci, P,, Remuzzi, G., Pusineri, F,, et al. (1983)
Deamino-8-d-arginine vasopressin shortens the
bleeding time in uremia. New England Journal of
Medicine, 308 (1), 8—12.

16 A 58-year-old man presents to clinic with a new diag-
nosis of colovesical fistula secondary to diverticulitis.
A colonoscopy reveals no evidence of malignancy. 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-elut-
ing stent 3 months ago. His current medications
include aspirin and clopidogrel.

He is being evaluated for sigmoid colectomy. What
is the best perioperative strategy with regard to his
platelet inhibitors?

A Transfuse platelets and proceed with surgery
immediately

B Stop aspirin and clopidogrel immediately, then
proceed with surgery in seven days



C Continue aspirin, stop clopidogrel immediately,
then proceed with surgery in seven days

D Wait 3 months, then stop clopidogrel for five days
and proceed with surgery

E Wait 9 months, then stop clopidogrel for five days
and proceed with surgery

The combination of aspirin and clopidogrel is commonly
used following coronary stent placement. For patients
with coronary artery stents undergoing elective non-car-
diac surgery, it is recommended that surgery be delayed
for at least 4 weeks following bare metal stent placement,
and at least 6 months following placement of a drug-elut-
ing stent. Premature interruption in antiplatelet therapy
confers a risk of stent thrombosis and myocardial
infarction.

Perioperative management of antiplatelet agents
should balance the risk of surgical bleeding with the risk
of stent thrombosis. It is important to know the indica-
tion for stenting, the date of implant, the type of stent
used, as well as the proposed duration of current anti-
platelet therapy. When possible, surgery should be
delayed until after the recommended period of dual anti-
platelet therapy. This stable patient with colovesical fis-
tula and recent drug-eluting stent can safely defer surgery
until he reaches the 6-month interval.

If urgent surgery must be performed, the risk and con-
sequences of surgical bleeding must be assessed. For
procedures with a low bleeding risk, dual antiplatelet
agents should be continued through the surgery. If surgi-
cal bleeding risk requires cessation of clopidogrel, aspi-
rin alone should be continued if possible.

Guidelines vary with regard to the length of time
antiplatelet therapy should be held pre-operatively.
Recommendations range from 5 to 10 days.

When long-acting anti-platelet agents must be stopped
for urgent operations, there is evidence to support bridg-
ing with a short-acting intravenous antiplatelet agent
such as tirofiban or abciximab. These medications can
be stopped 4—6 hours prior to the procedure with nor-
malization of the bleeding time.

Answer: D

Darvish-Kazem, S., Gandhi, M., Marcucci, M., and
Douketis, ].D. (2013) Perioperative management of
antiplatelet therapy in patients with a coronary stent
who need noncardiac surgery: a systematic review of
clinical practice guidelines. Chest, 144 (6), 1848—1856.

17 An 18-year-old man is admitted to the surgical ICU
following a right thoracotomy and right upper lobe
non-anatomic lobectomy for bleeding near the pul-
monary hilum after a gunshot wound to the chest.

Transfusion, Hemostasis, and Coagulation

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 oper-
ating room. Vital signs: BP 100/60 mm Hg, HR 120
beats/min, temperature 32.5°C. Laboratory studies:
hemoglobin 8.5g/dL, platelets 100 000/mm?>, pro-
thrombin time 14s, partial thromboplastin time
40s. Chest tube output is 150mL 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
D External warming
E Return to the operating room

Following surgical control of bleeding and massive resus-
citation, ongoing aggressive resuscitation is required to
reverse the “lethal triad” of coagulopathy, acidosis, and
hypothermia.

Clotting factor and platelet deficiencies have been
addressed early during this resuscitation by maintaining
a high ratio of FFP and platelets to red blood cell transfu-
sion. A platelet count of 100 000/mm?® and slightly pro-
longed PT and PTT demonstrate adequate platelets and
clotting factors.

Hypothermia<35°C is a strong independent risk fac-
tor for mortality in trauma patients, with more severe
hypothermia conveying greater risk of mortality.
Hypothermia contributes to coagulopathy through
platelet and clotting factor dysfunction. Notably, clotting
assays performed in the laboratory are warmed to 35°C.
Therefore, laboratory values may not represent the
patient’s actual clotting activity in vivo.

Recommended measures for re-warming a patient
with body temperature 32.5°C include forced air warm-
ing, infusion of warmed fluids, under-body heating pads,
radiant warmers, and humidified ventilation. If bleeding
continues after aggressive warming and correction of
clotting abnormalities, the patient must return to the
operating room without further delay.

Answer: D

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—869.

Perlman, R., Callum, J., Laflamme, C., et al. (2016) A
recommended early goal-directed management
guideline for the prevention of hypothermia-related
transfusion, morbidity, and mortality in severely injured
trauma patients. Critical Care, 20 (1), 1-11.
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18 A 29-year-old man was involved in a motorcycle
crash. He now has a distended abdomen that is
diffusely tender. Blood pressure is 80/60mm Hg.
What fluid should be administered?

A Lactated ringers

B Hypertonic saline

C O positive blood

D Type specific blood
E Crossmatched blood

The described patient has hemoperitoneum and should
be taken to the operating room for control of any surgi-
cally correctable sources of bleeding. Crystalloid resusci-
tation should be minimized and type O blood transfused
without delay. O positive blood can be used for male
patients and women beyond childbearing age. If uncross-
matched blood resources are limited, O negative blood is
reserved for woman of child-bearing age to avoid the risk
of Rh isoimmunization. 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-casu-
alty situations. The safety of type O blood has been
improved by prescreening donor blood for anti-A and
anti-B antibodies, which can lead to hemolysis of native
red blood cells.

Answer: C

Ball, C.G., Salomone, ].P, Shaz, B., et al. (2010)
Uncrossmatched blood transfusions for trauma patients
in the emergency department: incidence, outcomes and
recommendations. Canadian Journal of Surgery, 54 (2),
111-115.

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),
1445-1449.

19 A 78-year-old man presents after a ground-level fall.
He has a history of atrial fibrillation and his med-
ications include rivaroxaban (Xarelto), which his
SJamily confirms he took this morning. On physical

exam, he is withdrawing to pain and mumbling

incomprehensible sounds. He has a parietal scalp

hematoma. CT of the head shows a large subdural

hematoma with 2mm midline shift. Neurosurgery

plans to perform craniotomy. The best strategy for

reversing the patient’s anticoagulation is:

A No reversal is required if the INR is < 2

B Administer the specific FDA-approved reversal
agent idarucizumab

C Administer platelets

D Administer platelets and FFP

E Administer 4-factor prothrombin complex con-
centrate (PCC)

Since 2010, three new oral anticoagulant medications
have been approved in the United States as alternatives
to warfarin and low molecular weight heparin: rivaroxa-
ban, abixaban, and dabigatran (Table 11.1) Rivaroxaban
(brand name Xarelto) acts by inhibiting factor Xa, as
does apixaban (Eliquis). Their introduction is an
improvement over LWMH, which also inhibitis factor
Xa, because patients can take pills rather than injections.
The third drug, dabigatran (Pradaxa), is a direct throm-
bin inhibitor.

The major advantage of these medications is, in con-
trast to warfarin, they do not require INR monitoring. In
clinical trials, bleeding events on these medications were
comparable to, or lower than, bleeding events in patients
receiving warfarin or low molecular weight heparin for
similar indications.

The major drawbacks of these agents are 1) their anti-
coagulation effect is not reliably measured by common
laboratory tests, and 2) effects can be difficult to reverse.
In 2016, the FDA approved idarucizumab as a specific
reversal agent for dabigatran. However at this time, the
two oral anti-Xa inhibitors have no specific reversal
agent.

FFP can be used to resuscitate patients on these medi-
cations who suffer low- to moderate-risk bleeding events.
However, FFP is not a specific reversal agent. It takes
time infuse and cannot rapidly reverse coagulopathy.
Administration of FFP can also lead to volume overload
and transfusion reactions. For all of these reasons, FFP is
not an ideal therapy.

Table 11.1
Specific reversal Renal excretion
Medication Brand name (US) Mechanism agent (%) Half life
Dabigatran Pradaxa Direct thrombin inhibitor idarucizumab 80-85 7-17 hours
Rivaroxaban Xarelto Factor Xa inhibitor - 36 6—17 hours
Apixaban Eliquis Factor Xa inhibitor - 25 8-14 hours




This patient has a life-threatening intracranial hemor-
rhage that requires rapid reversal of rivaroxaban. For
emergency reversal of rivaroxaban or apixaban, 4-factor
prothrombin complex concentrate (PCC) should be
used. PCC can also be used to reverse dabigatran if
idarucizumab is unavailable. Finally, for dabigatran
specifically, hemodialysis can also be helpful because its
excretion is primarily renal.

Answer: E

Transfusion, Hemostasis, and Coagulation

Faraoni, D., Levy, ].H., Albaladejo, P, et al. (2015)
Updates in the perioperative and emergency
management of non-vitamin K antagonist oral
anticoagulants. Critical Care, 19, 1-6.

Siegal, D.M., Garcia, D.A., and Crowther, M.A. (2014)
How I treat target-specific oral anticoagulant-
associated bleeding. Blood, 123 (8), 1152-1158.
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Analgesia and Anesthesia
Marquinn D. Duke, MD and Juan C. Duchesne, MD

1 A 28-year-old man underwent a laparoscopic appen-
dectomy. He was induced with propofol for the surgery.
What is the mechanism of action for propofol?

A GABA (gamma-aminobutyric acid) agonist

B GABA (gamma-aminobutyric acid) antagonist
C Alpha-2 adrenergic agonist

D Alpha-2 adrenergic antagonist

E Mu receptor antagonist

Benzodiazepines and propofol are GABA agonists.
Propofol is often used for short-term sedation, because it
has a fast onset and clearance. The common side effects
of propofol are hypotension, respiratory depression,
hypertriglyceridemia, pancreatitis, and propofol infu-
sion syndrome. Propofol can be used in patients with
neurologic injury. It can decrease intracranial pressure,
cerebral blood flow, and cerebral metabolism. Since it
has a short half-life, it can allow for sedation holidays for
assessment of neurologic function, which has translated
to shorter vent dependent days when compared to ben-
zodiazepines. However, Propofol can cause hypotension
and respiratory suppression, so it must be used with cau-
tion. Flumazenil is an example of a GABA antagonist.
Opioids have an effect on mu receptors. Naloxone, a
reversal agent for opioids, is a mu receptor antagonist.
Dexmedetomidine is an example of an alpha-2 agonist.
Mirtazapine is an example of an alpha-2 antagonist.

Answer: A

Jacobi, J., Fraser, G.L., Coursin, D.B., et al. (2002) Clinical
practices guidelines for the sustained use of sedatives
and analgesics in the critically ill adult. Critical Care
Medicine, 30 (1), 119-141.

Mehta, S., McCullagh, L., and Burry, L. (2009) Current
sedation practices: Lessons learned from international
surveys. Critical Care Clinics, 25, 471-488.

Riker, R.R. and Fraser, G.L. (2009) Altering intensive care
sedation paradigms to improve patient outcomes.
Critical Care Clinics, 25, 527-538.

Sakata, R.K. (2010). Analgesia and sedation in intensive
care unit. Revista Brasileira de Anestesiologia, 60 (6),
648-658.

2 A 58-year-old woman has had a sigmoidectomy for
perforated diverticulitis, which failed medical man-
agement. The surgery was uncomplicated, but she was
left intubated overnight. On attempts to extubate the
patient in the SICU the next morning, she became
very agitated. The best option for weaning sedation in
preparation would be?

A Weaning the propofol more slowly

B Changing the patient to dexmedetomidine

C Changing the patient to midazolam

D Leave the patient intubated, and aim for extuba-
tion the next day

E Changing the patient to lorazepam

Dexmedetomidine is a sedative, analgesic, and anxiolytic
that is an agonist on the central alpha-2 adrenergic
receptors. It does not cause respiratory depression, and
can be used in patients who are not intubated. Propofol
has a fast onset and clearance, with clearance generally in
less than 6 minutes. It is eliminated by hepatic conjuga-
tion. Weaning more slowly is unlikely to have a different
outcome. Midazolam and lorazepam are benzodiaz-
epines, are powerful amnestics and can cause respiratory
depression. In addition midazolam has an active metab-
olite that causes toxicity and results in severe confusion
and agitation. The half-life of these benzodiazepines are
extremely long and since they are fat soluble they can
leach from the fatty store for days. If benzodiazepines are
used they should not be used as drips due to the long
plasma half live. Leaving the patient intubated, without
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attempting additional routes of weaning would not be
the correct action in this patient, as the patient would
have a prolonged ventilator period and increased associ-
ated risks, such as an increased risk of pneumonia.

Answer: B

Jacobi, J., Fraser, G.L., Coursin, D.B,, et al. (2002) Clinical
practices guidelines for the sustained use of sedatives
and analgesics in the critically ill adult. Critical Care
Medicine, 30 (1), 119-141.

Karol, M.D. and Maze, M. (2000) Pharmacokinetics and
interaction pharmacodynamics of dexmedetomidine in
humans. Best Practice & Research Clinical
Anesthaesiology, 14, 261-269.

Riker, R.R., Shehabi, Y., Bokesch, P.M. et al. (2009)
Dexmedetomidine versus midazolam for sedation of
critically ill patients: a randomized trial. Journal of the
American Medical Association, 301, 489-499.

3 A 45-year-old woman was admitted to the SICU
with >60% BSA burn after being pulled rescued from
a burning house. Two days after admission, she went
into respiratory distress, requiring intubation. Which
medication should not be used during intubation?
A Pancuronium
B Cisatracurium
C Rocuronium
D Vecuronium
E Succinyicholine

Neuromuscular blockers and sedatives are often used in
rapid sequence intubation. The neuromuscular blockers
can be categorized as depolarizing or non-depolarizing.
Succinylcholine is a depolarizing agent. Pancuronium,
cisatracurium, rocuronium, and vecuronium are non-
depolarizing agents. Depolarizing agents stimulate all
cholinergic receptors by binding to the acetylcholine
receptors. This causes stimulation, followed by muscu-
lar paralysis. The depolarization by succinylcholine and
its metabolites leads to a potassium efflux from the
muscle. This can lead to hyperkalemia, precipitating an
arrhythmia. Burn victims are at risk of developing severe
hyperkalemia, due to tissue injury. In this population,
succinylcholine should not be used, to minimize the risk
of the development of hyperkalemia.

Answer: E

Gronert, G.A. (2001) Cardiac arrest after succinylcholine:
mortality greater with rhabdomyolysis than receptor
upregulation. Anesthesiology, 94, 523-529.

Li, J., Murphy-Lavoie, H., Bugas, C., et al. (1999)
Complications of emergency intubation with and
without paralysis. American Journal of Emergency
Medicine, 17, 141-143.

Martyn, J.A. and Richtsfeld, M. (2006) Succinylcholine-
induced hyperkalemia in acquired pathologic states:
etiologic factors and molecular mechanisms.
Anesthesiology, 104, 158—169.

4 A 62-year-old man with stage 3 chronic kidney disease
had a left hemicolectomy for colon cancer. On postopera-
tive day 2, he becomes oliguric, with an increasing serum
creatinine. He only complains of incisional pain. Which
medication would be the best to manage his pain?

A Dilaudid

B Morphine
C Fentanyl

D Meperidine
E Ketorolac

Dilaudid, morphine, and meperidine are narcotics that
undergo hepatic metabolism, but renal excretion. They
may have accumulation of their metabolites in renal fail-
ure. The half-life of dilaudid is approximately 2.3 hours,
the half-life of morphine is 2.5-3 hours, and the half-
life of meperidine is 2—5 hours. These would be prolonged
further in patients with renal failure. Ketorolac is a non-
steroidal anti-inflammatory drug (NSAID). Its use is con-
traindicated in renal failure. Fentanyl is metabolized by the
liver into inactive metabolites. The half-life of fentanyl is
approximately 2—5 hours. The active metabolite of fentanyl
is extremely short and is minutes. Due to the short half life
of the active metabolite it is ideal to be given in the form
of a continuous dose. However, since it is metabolized
in the liver, this would be the most appropriate choice.

Answer: C

American Pain Society (2003) Principles of Analgesic Use
in the Treatment of Acute Pain and Cancer Pain, 5th
edn, American Pain Society, Glenview, IL.

Ball, M., McQuay, H.]., Moore, R.A., et al. (1985) Renal
failure and the use of morphine in intensive care. Lancet,
325 (8432), 784-786.

Haragsim, L., Dalal, R., Bagga, H., and Bastani, B. (1994)
Ketorolac-induced acute renal failure and hyperkalemia:
report of three cases. American Journal of Kidney
Disease, 24 (4), 578-580.

King, S., Forbes, K., Hanks, G.W., et al. (2011) A systematic
review of the use of opioid medication for those with
moderate to severe cancer pain and renal impairment: A
European Palliative Care Research Collaborative opioid
guidelines project. Palliative Medicine, 25 (5), 525-552.

5 A 75-year-old man is in a motor vehicle collision. One
week later, the patient develops sepsis and multiple
organ failure with severe ARDS, liver insufficiency,
and acute kidney injury. He is on maximal support on
the ventilator and needs to be paralyzed to optimize



the ventilator requirements. Which medication would
be the best choice for neuromuscular blockade for this
patient?

A Cisatracurium

B Succinylcholine

C Vecuronium

D Pancuronium

E Rocuronium

Neuromuscular blockade can be either depolarizing
or non-depolarizing. Succinylcholine is a depolarizing
agent, and is not suggested for long-term neuromuscular
blockage. Vecuronium, pancuronium, and rocuronium
are non-depolarizing neuromuscular blocking agents.
They are degraded in the liver, but have active metabo-
lites. They are eliminated by urine. In hepatic or renal
insufficiency, the effect of the blockade may be signifi-
cantly prolonged. Cisatracurium goes through Hofmann
elimination, which is an organ-independent degradation
process. There is minimal risk in patients with liver or
renal disease.

Answer: A

De Laet, I, Hoste, E., Verholen, E., et al. (2007) The effect
of neuromuscular blockers in patients with intra-
abdominal hypertension. Intensive Care Medicine, 33,
1811-1814.

Society of Critical Care Medicine, American Society of
Health-System Pharmacists (2002) Sedative, analgesia,
and neuromuscular blockade of the critically ill adult:
revised clinical practice guidelines for 2002. Critical
Care Medicine, 30, 117-118.

6 Which neuromuscular blocking agent would be the
preferred choice for rapid sequence intubation in a
patient with a contraindication to succinylcholine?

A No paralytic agent should be used
B Pancuronium

C Vecuronium

D Atracurium

E Rocuronium

Giving a paralytic should be used if there is any rigidity in
the patient, in order to ease the process. Pancuronium
has a slower onset and longer duration (60—90 minutes).
This would not be ideal in rapid sequence intubation.
Vecuronium undergoes rapid hepatic uptake, with a
shorter duration of action than pancuronium. However,
its elimination and half-live are increased in hepatic
insufficiency. Atracurium may cause a histamine release
and transient cardiac effects (e.g., tachycardia, decreased
mean arterial pressure). The effects are not prolonged,
but would not be ideal in rapid sequence intubation.
Rocuronium causes a neuromuscular blockade that is
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sufficient for intubation in 60—90 seconds. There is not
any histamine release. The half-life is 20-35 minutes.

Answer: E

Feldman, S.A. and Fauvel, N. (1994) Onset of
neuromuscular block, in Applied Neuromuscular
Pharmacology (ed. B.J. Pollard), Oxford University Press,
Oxford and New York, pp. 69—84.

Murray, M.D., Cowen, J., DeBlock, H., et al. (2002) Clinical
practice guidelines for sustained neuromuscular
blockade in the adult critically ill patient. Critical Care
Medicine, 30, 142—156.

7 A 60-year-old woman underwent a bronchoscopy and
transbronchial biopsy for suspected lung cancer. The
procedure was performed by a pulmonologist, who
used midazolam and fentanyl for sedation and topi-
cal benzocaine for local analgesia. After the start of
the procedure, she developed cyanosis and became
hypoxic. The oxygen monitor noted a saturation of
83%. She was admitted to the intensive care unit due
to persistent cyanosis and hypoxemia. She had equal,
but coarse breath sounds, which was noted prior to
the procedure. She was place on 100% supplemental
oxygen, with only a small improvement of her oxygen
saturation, to 87%. An ABG demonstrated a PaCO, of
35mm Hg and a PaO, of 400mm Hg. What is the
most likely etiology of the patient’s current condition?
A Hypoventilation due to over sedation
B latrogenic pneumothorax
C Intracardiac shunt
D Aspiration pneumonitis
E Topical benzocaine

The patient is suffering from methemeglobinemia. This
condition causes a disparity between PaO, on an ABG
and pulse oximetry readings. Clues to the diagnosis are
the presence of central cyanosis with normal PaO, on
ABG and low saturation on pulse oximetry. When meth-
emoglobin levels rise above 10%, cyanosis is frequently
present, and at higher levels, hypoxemia and metabolic
acidosis can occur. The recommended treatment is IV
methylene blue (1-2mg/kg over 3-5 minutes). Local
anesthetic agents, such as benzocaine are some of the
common drugs implicated in the etiology of acquired
methemoglobinemia. A minimal decrease in PaCO,
would rule out hypoventilation, as hypoventilation
would be associated with an elevated PaCO,. Breath
sounds were equal bilaterally, making a pneumothorax
less likely. There is no evidence of an intracardiac shunt.
Aspiration pneumonitis would not be likely, given the
rapid decline and discrepancy in ABG findings.

Answer: E
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Moore, T.J., Walsh, C.S., Cohen, M.R,, et al. (2004) Report
adverse event cases of methemoglobinemia associated
with benzocaine products. Archives of Internal Medicine,
164, 1192-1196.

Umbreit, J. (2007) Methemoglobinemia: it’s not just
blue — a concise review. American Journal of
Hematology, 82, 134—144.

8 A 63-year-old woman is undergoing an elective right
hemicolectomy for cancer. She has moderate cirrhosis
from a prolonged history of alcohol use and stage 2
renal failure due to hypertension. Additionally, she is
taking theophylline for COPD. Which anesthetic agent
should be avoided?

A Sevoflurane
B Isoflurane
C Desflurane
D Halothane
E Propofol

Sevoflurane can react with material in carbon dioxide
and lead to renal tubular necrosis in laboratory animals.
This has not been demonstrated in human studies. It is
not associated with hepatic failure. The metabolism of
isoflurane and desflurane has little potential for nephro-
toxicity and has not been implicated in liver failure.
Halothane has been associated with liver damage. This
can come in two forms: 1. Mild hepatic damage with
moderately increased transaminase levels, transient
jaundice, and low morbidity, 2. Or, more rarely, fulmi-
nant hepatic failure with high mortality. The second
usually occurs after repeated exposure. Additionally,
theophylline can cause arrhythmias in the presence of
halothane. The potential for liver damage and the
patient’s use of theophylline would make halothane the
medication to avoid. While propofol is metabolized in
the liver, it is tolerated well in those with liver failure.

Answer: D

Conzen, P.F,, Kharasch, E.D., Czerner, S.F,, et al. (2002)
Low-flow sevoflurane compared with low-flow
isoflurane anesthesia in patients with stable renal
insufficiency. Anesthesiology [comment], 97 (3),
578-584.

Elliott, R.H. and Strunin, L. (1993) Hepatotoxicity of
volatile anaesthetics. British Journal of Anaesthesia, 70
(3), 339-348.

Kenna, J.G. and Jones, R.M. (1995) The organ toxicity of
inhaled anesthetics. Anesthesia & Analgesia, 81 (Suppl.
6), 51-66.

Vaja, R., McNicol, L., and Sisley, I. (2010) Anaesthesia for
patients with liver disease. Continuing Education in
Anaesthesia, Critical Care & Pain, 10(1), 15-19.

9 A 58-year-old man with a previous gastrectomy is
undergoing an exploratory laparotomy for small
bowel obstruction. He does not have any history of an
adverse reaction to anesthesia during his first surgery.
Which medication should be used with particular
caution for this surgery?

A Succinylcholine
B Halothane

C Propofol

D Nitrous oxide
E Etomidate

Nitrous oxide inactivates vitamin B12. Patients can
develop megaloblastic anemia, bone marrow depression,
and neurologic difficulties after prolonged exposure or
chronic inhalation of nitrous oxide. Those with a vitamin
B12 deficiency, which can occur after a gastrectomy, are
at risk of a neurologic deterioration after a single dose.
The neurologic effects can be reversed with vitamin B12
therapy.

Answer: D

Flippo, T.S. and Holder, W.D., Jr. (1993) Neurologic
degeneration associated with nitrous oxide anesthesia in
patients with vitamin B12 deficiency. Archives of Surgery,
128 (12), 1391-1395.

Louis-Ferdinand, R.T. (1994) Myelotoxic, neurotoxic and
reproductive adverse effects of nitrous oxide. Adverse
Drug Reaction Toxicology Review, 13 (4), 193—206.

10 An 89-year-old woman is intubated in the SICU due
to decline of mental status while being monitored
after a fall. Rapid sequence intubation was used,
where the intubating physician used etomidate and
succinylcholine. Her sedation is maintained with
propofol and fentanyl throughout the night. She
becomes hypotensive and is started on vasopressin.
After 2 days, the patient is more alert, but has sus-
tained low blood pressure, unable to be weaned off of
vasopressors. The most likely cause of the patient’s
hypotension is because of which of the following?

A Insufficient fluid resuscitation
B Succinylcholine

C Etomidate

D Propofol

E Fentanyl

A major disadvantage of etomidate is its inhibition of
cortisol and mineralocorticoids synthesis in the adrenal
glands. A single dose, or continuous infusion can lead to
decreased adrenal steroid production. It is the likely
causative factor in this patient. It is less likely that her
hypotension is due to insufficient fluid resuscitation



after two days of therapy. Propofol can cause hypoten-
sion, but would be held to evaluate for her mental status.
It is less likely that propofol would cause such hypoten-
sion if it were at low enough levels for the patient to be
alert. Succinylcholine was used for induction, and would
have been metabolized. Fentanyl is less likely to cause
hypotension.

Answer: C

Crozier, T.A., Beck, D., Schlaeger, M., et al. (1987)
Endocrinological changes following etomidate,
midazolam, or methohexital for minor surgery.
Anesthesiology, 66 (5), 628—635.

Wagner, R.L. and White, P.F. (1984) Etomidate inhibits
adrenocortical function in surgical patients.
Anesthesiology, 61 (6), 647—651.

11 A 21-year-old man has sustained polytrauma after
being involved in a motorcycle crash. His injuries
include a subdural hematoma, multiple long bone
fractures, rib fractures, pulmonary contusions, and
a splenic laceration. He has required multiple sur-
geries in the subsequent days. During his course, he
has been maintained on high doses of propofol for
sedation, fentanyl for pain, and vasopressin for
blood pressure stabilization. On postoperative day
4, he is weaned off of pressors. However, on postop-
erative day 5, he begins to develop metabolic aci-
dosis, renal failure, and electrolyte abnormalities.
What is the likely cause of the patient’s current
condition?
A Propofol
B Fentanyl
C Vasopressin
D The discontinuation of vasopressin
E Multi-organ failure due to sepsis

Propofol infusion syndrome has been used to describe
the negative effects of long term, high dose use of propo-
fol. It can be associated with cardiac failure, rhabdomy-
olysis, severe metabolic acidosis, renal failure, and
electrolyte abnormalities.

Answer: A

Kam, P. and Cardone, D. (2007) Propofol infusion
syndrome. Anaesthesia, 62 (7), 690-701.

Vasile, B., Rasulo, F., Candiani, A., et al. (2003) The
pathophysiology of propofol infusion syndrome: a
simple name for a complex syndrome. Intensive Care
Medicine, 29 (9), 1417-1425.

12 The early clinical manifestations of central nervous
system toxicity of local analgesics are:

Analgesia and Anesthesia | 125

A Tachycardia and hypotension
B Tachycardia and hypertension
C Bradycardia and hypotension
D Bradycardia and hypertension
E No physical effect

The manifestations of local analgesia toxicity start with
tachycardia and hypertension. As blood levels continue
to rise, symptoms can continue to progress to myocardial
depression, hypertension, and decreased cardiac output.
Severely elevated levels can lead to peripheral vasodila-
tion, profound hypotension, conduction abnormalities,
sinus bradycardia, and ventricular arrhythmias.

Answer: B

Brown, D.L., Ransom, D.M., and Hall, J.A. (1995) Regional
anesthesia and local anesthetic-induced systemic
toxicity: seizure frequency and accompanying
cardiovascular changes. Anesthesia & Analgesia, 81 (2),
321-328.

Morishima, H.O., Pedersen, H., Finster, M., et al. (1985)
Bupivicaine toxicity in pregnant and nonpregnant ewes.
Anesthesiology, 63 (2), 134—139.

Mulroy, M.F. (2002) Systemic toxicity and cardiotoxicity
from local anesthetics: incidence and preventive
measures. Regional Anesthesia & Pain Medicine, 27 (6),
556-561.

13 A 37-year-old woman underwent epidural anesthe-
sia during her paniculectomy. Postoperatively, she
was diagnosed with a postdural puncture headache.
The most common symptoms include which of the
following?
A Bilateral, frontal headache with relief when
standing
B Bilateral, frontal headache with relief when supine
C Headaches associated with light sensitivity
D Headaches associated with loud sounds
E Headache with severe nausea and vomiting

Postdural puncture headaches are associated with cere-
brospinal fluid leak and decreased intracranial pressure
after dural puncture. It can have associated ocular dis-
turbances and auditory difficulties. The most common
symptom is bilateral, frontal, or occipital headache
that is relieved when supine. It is usually benign and
self-limited. The most effective treatment is an epidural
blood patch.

Answer: B
Liu, S.S. and McDonald, S.B. (2001) Current issues in

spinal anesthesia [comment]. Anesthesiology, 94 (5),
888-906.
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Safa-Tisseront, V., Thormann, F., Malassine, P, et al. (2001)
Effectiveness of epidural blood patch in the management
of post-dural puncture headache [comment].
Anesthesiology, 95 (2), 334—339.

Vercauteren, M.P., Hoffmann, V.H., Mertens, E., et al.
(1999) Seven-year review of requests for epidural blood
patches for headache after dural puncture: referral
patterns and the effectiveness of blood patches.
European Journal of Anaesthesiology, 16 (5), 298—303.

14 Hypothermia has been suggested as a factor in which
perioperative complication?
A Coagulopathy
B Surgical wound infection
C Cardiac morbidity
D All of the above
E None of the above

Coagulopathy, wound infection, and cardiac morbidity
are all implicated the effects of hypothermia perioper-
atively. Studies have demonstrated that hypothermia
can be deleterious in the function of the proteins in the
coagulopathy cascade. Perioperative hypothermia has
been associated with an increased risk of wound infec-
tions. Maintenance of normothermia in non-cardiac
surgery is associated with reduced incidence of cardiac
events.

Answer: D

Flores-Maldonado, A., Medina-Escobedo, C.E., Rios-
Rodriguez, H.M., and Fernandez-Dominguez, R. (2001)
Mild perioperative hypothermia and the risk of wound
infection. Archives of Medical Research, 32 (3), 227-231.

Frank, S.M., Fleisher, L.A., Breslow, M.]., et al. (1997)
Perioperative maintenance of normothermia reduces the
incidence of morbid cardiac events: a randomized
clinical trial. Journal of the American Medical
Association, 227 (14), 1127-1134.

Krause, K.R., Howells, G.A., Buhs, C.L., et al. (2000)
Hypothermia-induced coagulopathy during
hemorrhagic shock. The American Surgeon, 66 (4),
348-354.

Melling, A.C., Ali, B, Scott, E.M., and Leaper, D.J. (2001)
Effects of preoperative warming on the incidence of
wound infection after clean surgery: a randomized
controlled trial. The Lancet, 358 (9285), 876—880.

Mitrophanov, A.Y., Rosendaal, E.R., and Reifman, J. (2013)
Computational analysis of the effects of reduced
temperature on thrombin generation: the contributions
of hypothermia to coagulopathy. Anesthesia & Analgesia,
117 (3), 565-574.

Sessler, D.I. (2001) Complications and treatment of mild
hypothermia. Anesthesiology, 95 (2), 531-543.

15 A 33-year-old woman is undergoing a laparo-
scopic cholecystectomy. After induction of anes-
thesia, where succinylcholine was used, the
patient developed malignant hyperthermia. What
is the most sensitive indicator of malignant
hyperthermia?

A Tachycardia

B Tachypnea

C Diaphoresis

D Skeletal muscle rigidity

E Increase in end tidal CO,

All of the above symptoms can be seen in a patient
with malignant hyperthermia. Additionally, patients
can have diaphoresis, myoglobinuria, myoglobine-
mia, hyperkalemia, hypercalcemia, and mixed acido-
sis. The most sensitive indicator is an unanticipated
increase of the end-tidal CO, concentration. The
specific cause of malignant hypertension is not known,
but the role of increased intracellular calcium is
implicated.

Answer: E

MacLennan, D.H. and Phillips, M.S. (1992) Malignant
hyperthermia. Science, 256 (5058), 789-794.

Rosenberg, H. and Frank, S.M. (1999) Causes and
consequences of hypothermia and hyperthermia, in
Anesthesia and Perioperative Complications, 2nd edn
(eds J.L. Benumof and L.J. Saidman), Mosby, St. Louis,
MO, pp. 338-356.

16 Which of the following local anesthetics is classified
as an ester?
A Procaine
B Lidocaine
C Bupivacaine
D Mepivacaine
E Prilocaine

Local anesthetics may be classified as amino esters or
amino amides. Ester-linked local anesthetics are readily
hydrolyzed in aqueous solution. Amide-linked anesthet-
ics are relatively resistant to hydrolysis. The important
difference between amides and esters, clinically, is that
amides are metabolized in the liver. Esters are metabo-
lized by plasma. Also, esters tend to have metabolites
with a higher allergenic potential.

Answer: A

Dorian, R.S. (2005) Anesthesia of the surgical patient, in
Schwartz’s Principles of Surgery (ed. F.C. Brunicardi),
McGraw-Hill, New York, pp. 1851-1873.



17 The development of hypotension during moderate
sedation requires which of the following?
A Aggressive volume and blood replacement
B Vasodilating drugs
C Vasopressors
D Continuous monitoring to ensure that sedation is
maintained
E All of the above

Hemodynamic instability is the most common cardio-
vascular complication occurring during moderate
sedation. The direct cardiodepressant effect of many
of the sedating drugs causes hypotension in the patient.
A patient with pre-existing compromised circulatory
volume is at the greatest risk for this complication.
Hypotension may require aggressive volume and blood
replacement to prevent low circulating pressures. In
acute cases, vasoactive drugs may be required to supple-
ment the patient’s hemodynamic status. Other causes of
hypotension could be pain histamine release. It is
important that the cause of hypotension be identified so
that proper therapy can be instituted to correct the
problem.

Answer: A

Waston, D. (1998) Conscious Sedation/Analgesia, Mosby,
St. Louis, MO.

18 The target level of sedation for a patient not expected
to require mechanical ventilation for greater than 48
hours is:

A RASS +4 (combative)

B RASS +2 (agitated)

C RASS -2 (light sedation)
D RASS -4 (deep sedation)
E RASS -5 (unarousable)

Unless contraindicated, the optimal level of sedation is
where the patient is alert, not agitated, able to maintain
brief contact, and follow simple commands. This corre-
lates to RASS 0 to -2 (see Table 12.1). A higher RASS
score would lead to behavior that could be detrimental to
their care. A lower RASS score would be preferred if
long-term sedation is expected.

Answer: C

Robinson, B.R., Meuller, E.W., Henson, K., et al. (2008)
An analgesia-delirium-sedation protocol for critically ill
trauma patients reduces ventilator days and hospital
length of stay. Journal of Trauma: Injury, Infection, &
Critical Care, 65 (3), 517-526.

Sessler, C.N., Gosnell, M., Grap, M.]., et al. (2002) The
Richmond Agitation-Sedation Scale: validity and
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Table 12.1 Richmond Agitation and Sedation Scale (RASS).

+4  Combative Violent, immediate danger to staff

Pulls or removes tubes(s) or catheters(s);
aggressive

+3  Very Agitated

+2  Agitated Frequent non-purposeful movement,

fights ventilator

+1  Restless Anxious, apprehensive but movements

not aggressive or vigorous
0 Alert and calm

-1 Drowsy Not fully alert, but has sustained
awakening to voice (eye opening and

contact > 10 sec)

-2 Light sedation  Briefly awakens to voice (eye opening

and contact < 10 sec)

-3 Moderate
sedation

Movement or eye opening to voice
(but no eye contact)

-4 Deep sedation  No response to voice, but movement or

eye opening to physical stimulation

-5 Unarousable No response to voice or physical

stimulation

reliability in adult intensive care patients. American
Journal of Respiratory and Critical Care Medicine, 166,
1338-1344.

Shapiro, M.B., West, M.A., Nathens, A.B., et al. (2007)
Guidelines for sedation and analgesia during mechanical
ventilation general overview. The Journal of Trauma:
Injury, Infection, and Critical Care, 63 (4), 945-950.

19 Which of the following induction agents also has
analgesic properties?
A Midazolam
B Lorazepam
C Ketamine
D Propofol
E Thiopental

Ketamine is classified as a dissociative anesthetic. It
produces amnesia and analgesia. The other agents have
amnestic properties, but provide no analgesia. Using a
benzodiazepine in conjunction with ketamine can
decrease the side effect of delirium and hallucinations,
which is associated with ketamine.

Answer: C

Haas, D.A. and Harper, D.G. (1992) Ketamine: a review of
its pharmacologic properties and use in ambulatory
anesthesia. Anesthesia Progress: A Journal for Pain and
Anxiety Control in Dentistry, 39 (3), 61-68.

Himmelseher, S. and Durieux, M.E. (2005) Ketamine for
perioperative pain management. Anesthesiology, 102 (1),
211-220.
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Kwok, R.F, Lim, J., Chan, M., et al. (2004) Preoperative
ketamine improves postoperative analgesia after
gynecologic laparoscopic surgery. Anesthesia &
Analgesia, 98 (4), 1044—1049.

20 Which of the following medications provides anes-
thesia without decreasing respiratory drive?
A Thiopental
B Propofol
C Midazolam
D Diazepam
E Dexmedetomidine

Dexmedetomidine (i.e., Precedex) provides anesthesia
without decreasing respiratory drive. It works through
the CNS, as an alpha-2 receptor agonist. The other
medications provide anesthesia, but are also associated
with a depression in respiratory drive. Thiopental is cat-
egorized as a barbiturate. It is a GABA agonist, and can
cause respiratory depression. Its use has been decreased,

due to more recently developed medication regimens.
Propofol is a hypnotic agent, with only partially under-
stood mechanism of action. While it has a rapid onset
and short half-life, it has a common effect of respiratory
depression. Midazolam and Diazepam are benzodiaz-
epines. They are often used as anxiolytics, but both have
a historic association with a decrease in respiratory drive.

Answer: E

Bhana, N., Goa, K.L., and McClellan, K.J. (2000)
Dexmedetomidine. Drugs, 59 (2), 263-268.

Eames, W.O., Rooke, G.A., Wu, R.S., and Bishop, M.].
(1996) Comparison of the effects of etomidate, propofol,
and thiopental on respiratory resistance after tracheal
intubation. Anesthesiology, 84 (6), 1307-1311.

Venn, R.M. and Grounds, R.M. (2001) Comparison
between dexmedetomidine and propofol for sedation in
the intensive care unit: Patient and clinician perceptions.
British Journal of Anaesthesia, 87 (5), 684—690.
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Delirium, Alcohol Withdrawal, and Psychiatric Disorders

Peter Bendix, MD and Ali Salim, MD

1 Which of the following is true regarding delirium?

A It is a diagnosis that requires formal psychiatric
evaluation

B Itisuncommon in elderly, frail, postoperative patients

C It is not associated with higher mortality

D Decreased acetylcholine is associated with delirium

E Dementia is a prerequisite for the development of
delirium

Delirium is an acute illness frequently found in the inten-
sive care unit. It is often diagnosed and treated by the
medical and surgical ICU treatments teams and does not
require formal psychiatric consultation. Any physician
familiar with the clinical signs and symptoms, as defined
by the DSM-V, can make the diagnosis:

1) Disturbance in attention (inability to direct, focus,
sustain, and shift attention) and awareness

2) Acute onset — hours to days — as a change from base-
line, and has a waxing and waning character

3) Disturbance in cognition (memory deficit, disorienta-
tion, language, visuospatial ability, or perception)

4) Disturbance is not better explained by preexisting
neurocognitive disorder or in the setting of coma

5) Evidence from the formal evaluation that the disorder
is caused by a medical condition, intoxication or with-
drawal, or medication side effect

It is a very common condition in the hospital and the ICU,
with its incidence higher in the more acutely ill, more frail
and elderly, and in postoperative patients. Elderly surgical
patients are at high risk of developing delirium, with some
estimates from the literature suggesting an incidence of
50%. High rates are seen in intensive care units, with as
many as 70% of patients experiencing delirium. Worse
short- and long-term outcomes have been measured in
patients with severe delirium in the ICU.

Acetylcholine is the neurotransmitter which has been
proposed as the final common pathway for the develop-

ment of delirium. It has been observed that anticholiner-
gic drugs can potentiate the development of delirium.
Medications, inflammatory states, and the underlying
absence of cholinergic neurons in conditions like
Alzheimer’s disease can all lead to insufficient acetylcho-
line and the development of delirium.

Risk factors associated with delirium are broad, but
one group of patients is at much higher risk than all
others; those with underlying degenerative brain disease
such as dementia. And although dementia is not a pre-
requisite for the development of delirium and cannot be
diagnosed during an episode of delirium, some studies
have shown high rates of dementia diagnosis in the five
years following an episode of delirium.

Answer: D

American Psychiatric Association (2013) Diagnostic and
Statistical Manual, 5th edn, APA Press, Washington, DC.

Campbell, N., Boustani, M., Limbil, T., et al. (2009) The
cognitive impact of anticholinergics: a clinical review.
Clinical Interventions in Aging, 24, 225-233.

Ely, E.W.,, Shintani, A., Truman, B., et al. (2004) Delirium as
a predictor of mortality in mechanically ventilated
patients in the intensive care unit. Journal of the
Amweican Medical Association, 291 (14), 1753-1762.

Fick, D.M., Agostini, ].V., and Inouye, S.K. (2002)
Delirium superimposed on dementia: a systematic
review. Journal of the American Geriatrics Society, 50
(10), 1723-1732.

Francis, J. (1992) Delirium in older patients. Journal of the
American Geriatrics Society, 40 (8), 829-838.

Lat, I., McMillian, W., Taylor, S., et al. (2009) The impact of
delirium on clinical outcomes in mechanically ventilated
surgical and trauma patients. Critical Care Medicine, 37
(6), 1898-1905.

Lundstrom, M., Edlund, A., Bucht, G., et al. (2003)
Dementia after delirium in patients with femoral neck
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fractures. Journal of the American Geriatrics Society, 51
(7), 1002-1006.

2 A 75-year-old patient is admitted to the ICU follow-
ing an emergent sigmoid resection for acute perforated
diverticulitis. He has early dementia per the medical
record. Which intervention would not reduce his risk
of developing delirium in the ICU?

A Use of his home hearing aids

B Duaily spontaneous awakening trial

C Exercise with physical therapy on postoperative day 1
D Exclusive use of opioid pain medication

Several considerations in the ICU may reduce the incidence
of delirium. Behavioral and care interventions such as ori-
entation, cognitive stimulation, the establishment of sleep
and wake cycles, early mobilization, use of glasses and hear-
ing aids may all reduce the incidence of delirjium in the ICU.

The management of ventilation and sedation in the
ICU may impact the incidence of delirium. An ABCDE
strategy has been proposed as a strategy to prevent the
development of delirium:

a) Awakening: Daily awakening.

b) Breathing: Daily spontaneous breathing trial.

¢) Coordination of awakening and spontaneous breathing
trial

d) Delirium management according to the Society of
Critical Care Medicine guidelines, 2013

e) Exercise and early mobility

The choice of sedative medication has been shown
to impact the development of delirium in the ICU.
Benzodiazepines — frequently the cornerstones of seda-
tion regimens in the ICU — have now been shown to be
more likely to cause delirium than alternatives such as
dexmedetomidine.

Pain control is also central to the primary prevention of
delirium, although certain populations and medications
interact poorly. Nonopioid pain medications such as aceta-
minophen should be used preferentially, and alternatives
such as ketamine may be effective for delirium prevention.

Answer: D

Barr, J., Fraser, G.L., Puntillo, K., et al. (2013) Clinical
practice guidelines for the management of pain,
agitation, and delirium in adult patients in the Intensive
Care Unit: executive summary. American Journal of
Health-System Pharmacy, 70 (1), 53-58.

Clegg, A. and Young, J.B. (2011) Which medications to
avoid in people at risk of delirium: a systematic review.
Age and Ageing, 40 (1), 23-29.

Deutschman, C.S.N. and Patrick, J. (2015) Evidence-Based
Practice of Critical Care, Elsevier Health Sciences, Saint
Louis.

Inouye, S.K., Bogardus, S.T., Jr., Charpentier, PA., et al.
(1999) A multicomponent intervention to prevent
delirium in hospitalized older patients. The New
England Journal of Medicine, 340 (9), 669-676.

Pandharipande, PP, Pun, B.T., Herr, D.L., et al. (2007)
Effect of sedation with dexmedetomidine vs. lorazepam
on acute brain dysfunction in mechanically ventilated
patients: the MENDS randomized controlled trial.
Journal of the American Medical Association, 298 (22),
2644-2653.

Schweickert, W.D., Pohlman, M.C., Pohlman, A.S., et al.
(2009) Early physical and occupational therapy in
mechanically ventilated, critically ill patients: a
randomized controlled trial. Lancet, 373 (9678),
1874-1882.

3 A 67-year-old patient is admitted to the ICU follow a
motor vehicle collision with a subdural hemorrhage,
bilateral rib fractures with hemopneumothorax, and
a right femur fracture. On post-injury day 7, the
patient is extubated. He is transferred out of the ICUL
On post-injury day 10, he becomes agitated with his
nurse, almost pulling out his left chest tube. Which
feature would not be part of her CAM evaluation of
the patient?
A The acute onset of his mental status change
B His distractability and lack of attention
C His violent swings at the patient care assistant
D His hypervigilant stare

The evaluation of delirium should begin with clinical
suspicion informed by the definition supplied above
from the DSM-V. This should be weighed in relation
to the patient’s clinical history and presentation.
Suspicion for delirium should then prompt the
use of the Confusion Assessment Method (CAM) tool
(Table 13.1). This tool has a high sensitivity and specificity
for the diagnosis of delirium. For patients in the ICU who
are ventilated and sedated, the CAM-ICU can be used.

Answer: C

Deutschman, C.S.N. and Patrick, J. (2015) Evidence-Based
Practice of Critical Care, Elsevier Health Sciences, Saint
Louis.

Inouye, S.K., van Dyck, C.H., Alessi, C.A., et al. (1990)
Clarifying confusion: the confusion assessment method.
A new method for detection of delirium. Annals of
Internal Medicine, 113 (12), 941-948.

4 An 87-year-old woman without alcohol use or other
medication use history who is hospitalized for a recur-
rent small bowel obstruction has a nasogastric tube,
a triple lumen central catheter, and is on telemetry.



Table 13.1 Confusion assessment method to assess delirium (CAM).

Feature Assessment

Acute onset and
fluctuating
course

Based on change from patient’s baseline.
Positive response to: “Is this mental status
change acute?” “Is this mental status
change fluctuating during the course of
the day?”

Inattention Positive response to: “Is there difficulty
focusing attention, distractibility, or
difficulty keeping track of what is being

said?”

Disorganized
thinking

Positive response to: Are there rambling,
irrelevant conversation, unclear, illogical
thoughts, frequent and unpredictable
switching from subject to subject.”

Altered level of
consciousness

Positive response if other than “alert”

Normal = alert

Hyper alert = vigilant

Drowsy, easily aroused = lethargic
Difficult to arouse = stupor
Unarousable = coma

Delirium = Features 1 AND 2 + either 3 OR 4

She is in a double bed room, without a window, near
the nursing station. On hospital day five she becomes
tachycardic, hypertensive, and agitated, striking her
nurse. The intern is called to the bedside. Which of the
following would be inappropriate?

A Review of MAR and recent labs

B Haloperidol

C Benzodiazepine

D Moving the patient to a different room

E Restraints

The primary evaluation of the delirious patient should
include a review of their medical and social history.
This should include an investigation for the use of prior
psychotropic medications, drugs, and alcohol. It should
also include a review of the patient’s current medica-
tions and the search for signs of metabolic derange-
ments such as liver failure. Medications are a frequent
cause of delirium.

Haloperidol is a traditional antipsychotic. Its mecha-
nism of action is blocking dopamine receptors in the
CNS. Side-effects of administration include extrapy-
ramidal reactions, neuroleptic malignant syndrome,
and QT prolongation/torsade de pointes. It is the cur-
rent first-line therapy for the management of acute agi-
tated delirium, although recent meta-analysis has shed
doubt on its efficacy as a method of prevention.

Delirium, Alcohol Withdrawal, and Psychiatric Disorders

Multicomponent therapy with behavioral interven-
tions such as exposure to natural light and sleep cycle
modifications of nursing care are important compo-
nents of delirium management, both in primary pre-
vention and treatment. This is discussed earlier in
question 2.

It may be necessary to protect both the staff and the
patient from the consequences of acute agitated delirium.
This may require restraints to avoid the dislodgement of
lines and to allow the administration of medical therapy.
It is important to document the application of such
interventions and adhere to clinical protocols with fre-
quent reassessment for cessation.

There is no role for routine benzodiazepine administra-
tion in the treatment of delirium. In fact, these medica-
tions may potentiate delirium. Acutely agitated patients
who are not candidates for antipsychotic medications
may require emergent benzodiazepine treatment, but
current evidence suggests less potentiation of delirium
with the use of dexmedetomidine.

Answer: C

Baron, R., Binder, A., Biniek, R., et al. (2015) Evidence and
consensus-based guideline for the management of
delirium, analgesia, and sedation in intensive care
medicine. Revision 2015 (DAS-Guideline 2015) — short
version. German Medical Science: GMS e-journal. 13,
Docl19.

Lacasse, H., Perreault, M.M., and Williamson, D.R. (2006)
Systematic review of antipsychotics for the treatment of
hospital-associated delirium in medically or surgically ill
patients. The Annals of Pharmacotherapy, 40 (11),
1966-1973.

Neufeld, K.J., Yue, J., Robinson, T.N., et al. (2016) Inouye
SK, Needham DM. Antipsychotic medication for
prevention and treatment of delirium in hospitalized
adults: a systematic review and meta-analysis. Journal of
the American Geriatrics Society, 64 (4), 705-714.

Siddiqi, N., Harrison, ]J.K., Clegg, A., et al. (2016)
Interventions for preventing delirium in hospitalized
non-ICU patients. The Cochrane Database of Systematic
Reviews, 3, Cd005563.

5 A 72-year-old woman is discharged from the hospi-
tal after a one-month stay following an incarcerated
ventral hernia repair. During her admission she had
a week- long episode of delirium follow extubation
in the intensive care unit. What statement accu-
rately reflects her long-term risks given her episode
of delirium?

A Each additional day of delirium may have con-
ferred additional risk of mortality
B She is at no long-term risk of cognitive impairment
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C She is at no long-term risk of mortality given her
episode of delirium

D If she had preexisting Alzheimer’s disease, the
episode of delirium will not impact her dementia
progression

This patient’s episode of delirium is very significant to
her long-term prognosis and recovery. It is a key compo-
nent of her prolonged critical illness and conveys a
significant risk to her long-term survival and cognitive
prognosis.

Studies have shown that patients with delirium during
their hospitalization are at double the risk of death in the
first month and at six months after discharge. It is also
known that the duration of the episode of delirium
directly impacts long-term survival, with more days of
delirium associated with shorter survival. In hospital,
delirium has also been shown to be predictive of long-
term cognitive impairment and to accelerate cognitive
decline in dementia patients.

Answer: A

Fong, T.G., Jones, R.N,, Shi, P, et al. (2009) Delirium
accelerates cognitive decline in Alzheimer disease.
Neurology, 72 (18). 1570-1575.

Girard, T.D., Jackson, J.C., Pandharipande, P.P,, et al.
(2010) Delirium as a predictor of long-term cognitive
impairment in survivors of critical illness. Critical Care
Medicine, 38 (7), 1513-1520.

McAvay, G.J., Van Ness, P.H., Bogardus, S.T., Jr, et al.
(2006) Older adults discharged from the hospital with
delirium: 1-year outcomes. Journal of the American
Geriatrics Society, 54 (8), 1245-1250.

Pisani, M.A., Kong, S.Y., Kasl, S.V., et al. (2009) Days of
delirium are associated with 1-year mortality in an
older intensive care unit population. American Journal
of Respiratory and Critical Care Medicine, 180 (11),
1092-1097.

Robinson, T.N., Raeburn, C.D., Tran, Z.V., et al. (2009)
Postoperative delirium in the elderly: risk factors and
outcomes. Annals of Surgery, 249 (1), 173-178.

6 A 37-year-old man is admitted following a motorcycle
crash, with a right open femur fracture. On postinjury
day three, he becomes tachycardic and hypertensive
and is oriented only to himself. What are the two cen-
tral neurotransmitters responsible for the physiology
of his current presentation?

A Dopamine and Gamma-aminobutyric acid
B Glutamate and Gamma-aminobutyric acid
C Glutamate and Dopamine

D Serotonin and Gamma-aminobutyric acid

The two central neurotransmitters responsible for the
pathophysiology of alcohol withdrawal are gamma-
aminobutyric acid (GABA) and glutamate. As an inhibi-
tory neurotransmitter, GABA functions to suppress
arousal. Chronic alcohol use induces the creation of
greater numbers of GABA receptors, and the absence of
the alcohol stimulation at the GABA receptors leads the
absence of the chronic inhibitory signals to which the
individual has become habituated. This underlies the
treatment of alcohol withdrawal with benzodiazepine
medications, which also function at the GABA receptor.

Glutamate functions in the opposite manner from
GABA, as it is an excitatory neurotransmitter. Chronic
alcohol use dampens glutamate action at its receptor,
leading to increased receptor expression. When alcohol
is abruptly taken away from the habituated person, these
receptors lead to over excitation.

Answer: B

Mihic, S.J., Ye, Q., Wick, M.]., et al. (1997) Sites of alcohol
and volatile anesthetic action on GABA(A) and glycine
receptors. Nature, 389 (6649), 385-389.

Tsai, G., Gastfriend, D.R., and Coyle, J.T. (1995) The
glutamatergic basis of human alcoholism. American
Journal of Psychiatry, 152 (3), 332—340.

7 The same man in the question above is now diagnosed
with delirium tremens. Which of the below medica-
tions is not part of the current standard of care for
treatment of severe alcohol withdrawal?

A Alcohol

B Thiamine

C Diazepam

D Chlordiazepoxide

Delirium tremens may begin between 48 and 96 hours
after the patient’s last drink. It is a clinical diagnosis based
on the presence of a constellation of signs and symptoms:

o Hallucinations

¢ Disorientation

o Tachycardia

e Tachypnea

e Hypertension

e Hyperthermia

e Agitation and diaphoresis

The metabolic derangements of delirium tremens can
include alkalosis from the tachypnea, hyponatremia, and
hypokalemia with attendant dehydration. Supportive care
to attend to these metabolic derangements is essential for
the treatment of alcohol withdrawal. Thiamine and folate
should be given to counteract Wernicke’s encephalopathy.



Table 13.2 Richmond Agitation Sedation Score (RASS).

Score Term
+4 Combative
+3 Very agitated
+2 Agitated
+1 Restless

0 Alert and calm
-1 Drowsy
-2 Light sedation
-3 Moderate sedation
-4 Deep sedation
-5 Unarousable

The current standard of care for the treatment of acute
alcohol withdrawal is to use a symptom-triggered strategy
following the Clinical Institute Withdrawal Assessment
for Alcohol Scale (CIWA-Ar). Both IV and oral benzodi-
azepine regimens have been used to treat in response to
positive scores on the CIWA-Ar scale. Calculators are
available online for CIWA-Ar use. For intubated patients
unable to verbalize, the Richmond Agitation Sedation
Score (Table 13.2) may be used to assess for sedation.

Benzodiazepine therapy guided by the CIWA-Ar or
RASS evaluations are the central therapy for the psycho-
motor agitation. Diazepam, lorazepam, oxazepam, and
chlordiazepoxide are all used in response to positive
scoring on the assessments.

Alternative therapies have not been shown to be supe-
rior to benzodiazepines in the treatment of alcohol with-
drawal in the intensive care unit. Alcohol has been
studied and found inferior.

Answer: A

Hodges, B. and Mazur, J.E. (2004) Intravenous ethanol for
the treatment of alcohol withdrawal syndrome in
critically ill patients. Pharmacotherapy, 24 (11),
1578-1585.

Mayo-Smith, M.E, Beecher, L.H., Fischer, T.L., et al. (2004)
Management of alcohol withdrawal delirium. An
evidence-based practice guideline. Archives of Internal
Medicine, 164 (13), 1405-1412.

Ntais, C., Pakos, E., Kyzas, P, et al. (2005) Benzodiazepines
for alcohol withdrawal. Cochrane Database Systematic
Reviews, 5(3).

Sessler, C.N., Gosnell, M.S., Grap, M.]., et al. (2002) The
Richmond Agitation-Sedation Scale: validity and
reliability in adult intensive care unit patients. American
Journal of Respiratory and Critical Care Medicine, 166
(10), 1338—1344.

Delirium, Alcohol Withdrawal, and Psychiatric Disorders

8 A 45-year-old woman is admitted to the medical ICU
after being found down outside the city’s shopping
mall, with a stab wound to her flank. She has a nega-
tive emergent exploratory laparotomy. Her medical
history is unknown. On her first day in the intensive
care unit, she is stable, is extubated, and admits to
drinking a case of beer per day, along with a large
bottle of wine each night. She begins to withdraw from
alcohol at 48h. What is she not at higher risk for, given
her alcohol use and withdrawal?

A Sepsis

B Hospital Mortality
C Organ Failure

D Short hospitalization
E Liver failure

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 demon-
strated that ICU patients with alcohol dependence had
higher rates of sepsis (12.9% versus 7.6%, p .001), organ fail-
ure (67.3% versus 45.8%, p .001), septic shock (3.6% versus
2.1%, p=.001), and hospital mortality (9.4% versus 7.5%,
p=.022), with fewer hospital-free days. Also, among
patients with sepsis and liver failure, alcohol dependence
increased the likelihood 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 abnormalities have been
demonstrated in animal models). Also, patients with
chronic excessive use of alcohol have complicating medical
conditions resulting from the substance abuse, such as
cardiomyopathy, dysrhythmias, and cirrhosis.

Answer: D

O’Brien, ].M,, Jr., Lu, B., Ali, N.A., et al. (2007) Alcohol
dependence is independently associated with sepsis,
septic shock, and hospital mortality among adult
intensive care unit patients. Critical Care Medicine, 35
(2), 345-350.

9 A 23-year-old man is admitted to the trauma service
after he jumped off a footbridge in the local park. He
has bilateral ankle fractures and an L4 compression
fracture. On morning rounds he stares intently at the
computer in his room and states that the machine is
reading his thoughts. What are some of the initial
management strategies for his presentation?

A Emergent evaluation by the psychiatry service

B Administration of an antipsychotic medication

C Legal hold in the hospital with involuntary treatment
D Medical evaluation for alternative etiology

E All of the above
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Psychosis is characterized by some constellation of the
following: delusions, hallucinations, disorganized think-
ing, and/or agitation and aggression. Acute primary psy-
choses are often familial in nature, with initial insidious
presentations of the condition in the patient’s teens and
young adulthood. Medically induced psychoses often do
not fit this pattern and instead are seen in patients with
significant medical comorbidities, polypharmacy, and
often present acutely, with little prodrome of behavior
change.

The initial management of a patient exhibiting psycho-
sis should be done in conjunction with the psychiatry
service. Primary psychoses are chronic, life-threatening
illnesses that will require consistent management in the
outpatient setting. The establishment of clinical stability
with the initial administration of an antipsychotic medi-
cation should be performed with an understanding of
the frequent adverse effects of these medications. These
can range in severity, from weight gain to sedation and
extrapyramidal effects.

Ruling out medical etiologies is essential in most initial
presentations of psychosis. Common etiologies are listed
below:

Delirium

Endocrinopathies

Hepatic/uremic encephalopathy

Infectious diseases (HIV)

Inflammatory disorders and demyelinating disorders,
neurodegenerative conditions

e Metabolic disorders, vitamin deficiencies

Patients at risk to themselves or others are subject to
involuntary hospitalization in most legal jurisdictions.
Understanding the local laws regarding involuntary hos-
pitalization and treatment are essential to any critical
care provider.

Answer: E

American Psychiatric Association (2013) Diagnostic and
Statistical Manual, 5th edn, APA Press, Washington,
DC.

Sheitman, B.B., Lee, H.,, Strauss, R, et al. (1997) The
evaluation and treatment of first-episode psychosis.
Schizophrenia Bulletin, 23 (4), 653—661.

Webster, R. and Holroyd, S. (2000) Prevalence of psychotic
symptoms in delirium. Psychosomatics, 41 (6), 519-522.
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Acid-Base, Fluid, and Electrolytes

Joshua Dilday, DO, Asser Youssef, MD and Nicholas Thiessen, MD

1 A 50-year old, 70 kg man presents as a trauma after a
motor vehicle accident. He is diagnosed with a trau-
matic brain injury and was admitted to the hospital.
On hospital day 3, he is arousable but disoriented and
complaining of thirst. On examination, he has clear
lung sounds bilaterally, heart rate of 70 beats/min,
and a blood pressure of 140/80mm Hg. With IV nor-
mal saline set at 100mL/hry, his urine output is
300 mL/hr for the past 12 hours. His laboratory values
include: Na 160mEq/L, K 4.3mEq/L, Cl 105mEq/L,
HCO;3 25mEq/L, BUN 30mg/dL, Cr 1.2mg/dL, CVP
is 3mm Hg, Uosm is 160 mOsm/L.
What is the most likely pathophysiology of the above

scenario?

A Lack of renal response to anti-diuretic hormone

B Lack of anterior pituitary gland release of anti-diu-
retic hormone

C Overstimulation and release of anti-diuretic
hormone

D Lack of posterior pituitary gland release of anti-
diuretic hormone

E Excess resuscitation with saline

Central diabetes insipidus (DI) is a failure of anti-diuretic
hormone (ADH) released from the posterior pituitary
gland. Causes include head trauma, encephalopathy, and
meningitis. Central DI differs from nephrogenic DI;
nephrogenic DI is a lack of end-organ responsiveness
while central DI is a lack of ADH release. Central DI
manifests as polyuria with dilute urine in setting of
hypertonic plasma. Urine osmolarity is often<200
mosm/L. Failure of the urine osmolarity to increase after
fluid restriction is diagnostic confirmation. Treatment is
aimed at replacing free water deficits and vasopressin, an
ADH analogue.

Answer: D

Geheb, M.A. (1987) Clinical approach to the hyperosmolar
patient. Critical Care Clinics, 3 (4), 797-815.

Makaryus, A.N. and McFarlane, S.I. (2006) Diabetes
insipidus: diagnosis and treatment of a complex disease.
Cleveland Clinic Journal of Medicine, 73 (1), 65-71.

Robertson, G.L. (2016) Diabetes insipidus: differential
diagnosis and management. Best Practice & Research
Clinical Endocrinology & Metabolism, 30 (2), 205-218.

2 [n the above patient, what is the free water deficit?
A 45L
B 3.5L
C6L
D2L
E 3L

The above patient has central diabetes insipidus, leading
to a hypernatremic state. The patient is unable to con-
centrate urine due to decreased ADH. Hypernatremia
due to free water loss is managed by free water replace-
ment. The free water deficit must first be calculated to
determine the amount of replacement.

Free water deficit formula=0.6 (kg) x (Current
Na/140 — 1) - 0.6 (70) x (160/140 — 1)=6L

Answer: C

Adrogué, H.J. and Madias, N.E. (2000) Hyponatremia. New
England Journal of Medicine, 342 (21), 1581-1589.

Marino, P.L. and Sutin, K.M. (2014) The ICU Book, 4th
edn, Lippincot Williams & Wilkins, Philadelphia, PA.

Pokaharel, M. and Block, C.A. (2011) Dysnatremia in the
ICU. Current Opinion in Critical Care, 17 (6), 581-593.

3 Your patient is postoperative day 1 from a pancreati-
coduodenectomy for a tumor in the head of the pan-
creas. His serum sodium is 133 mEq/L. Currently the
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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. Regarding fluid manage-

ment, what should you do next?

A Increase normal saline rate to 175 ml/hr

B Change IV fluids to DS % NS at 100 mL/hr

C Change 1V fluids to lactated Ringers at 150 mL/hr

D Maintain current IV fluid and decrease rate to
100mL/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 inap-
propriate antidiuretic hormone release, psychogenic self-
induced water intoxication, excessive sweating, or use of
cyclophosphamide, ecstasy (MDMA), or oxytocin. Non-
hypotonic causes of hyponatremia include IgG therapy,
irrigant absorption for prostate or intrauterine surgery,
hyperglycemia and hyperlipidemia. 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 flu-
ids 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
occur, hypertonic saline and diuretics are used.

Answer: D

Gowrishankar, M., Lin, S.H., Mallie, J.P, et al. (1998) Acute
hyponatremia in the perioperative period: insights into
its pathophysiology and recommendations for
management. Clinical Nephrology, 50, 352—360.

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, 20-25.

4 A 60-year-old man with an extensive abdominal sur-
gical history presents with multiple days of colicky
abdominal pain, significant nausea and vomiting,
and inability to tolerate oral food intake. The patient
states that his current symptoms are consistent with
his previous episodes of small bowel obstruction. He
states that he has vomited 10 times per day for the last
four days. Which of the following would most fit in this
scenario?

A Metabolic acidosis, hypokalemia, hyperchloremia,
acidic urine

B Respiratory alkalosis, hypokalemia, hyperchlo-
remia, acidic urine

C Metabolic alkalosis, hypokalemia, hypochloremia,
acidic urine

D Metabolic alkalosis, hypokalemia, hyperchloremia,
alkaline urine

E Metabolic acidosis, hypokalemia, hypochloremia,
acidic urine

F Respiratory acidosis,
remia, alkaline urine

hypokalemia, hyperchlo-

The above patient is presenting with a small bowel
obstruction, likely related to his previous abdominal sur-
geries. If the vomiting from a small bowel obstruction is
significant, it can lead to acid/base and electrolyte abnor-
malities. Proximal GI losses can cause a contraction met-
abolic alkalosis. During volume contraction, bicarbonate
and sodium are reabsorbed to maintain electrical bal-
ance as there is insufficient chloride. The distal convo-
luted tubules will compensate sodium reabsorption by
exchanging hydrogen and potassium. Thus, the kidney
will excrete more hydrogen and potassium than usual.
The metabolic alkalosis is caused by reabsorption of
bicarbonate and loss of hydrogen. Renal potassium loss
causes hypokalemia. The chloride is lost from GI losses
but compensated by sodium and chloride reabsorption.
Paradoxical aciduria is caused by hydrogen loss in
exchange for sodium reabsorption.

Answer: C

Khanna, A. and Kurtzman, N.A. (2001) Metabolic
alkalosis. Respiratory Care, 46 (4), 354—365.

Galla, J.H. (2000) Metabolic alkalosis. Journal of the
American Society of Nephrology, 11 (2), 369-375.

Luke, R.G. and Galla, J.H. (2012) It is chloride depletion
alkalosis, not contraction alkalosis. Journal of the
American Society of Nephrology, 23 (2), 204—207.

5 A 58-year-old man is now postoperative 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 125ml/hr and his serum sodium
level is 132mEq/L. His urine output is 40-50ml/hr.
The patient states he takes diuretics at home on occa-
sion when he develops edema in his legs. How would
you treat his serum sodium?

A Increase 1V fluids to 150 ml/hr
B Decrease IV fluids to 75 ml/hr
C Treat with thiazide diuretics



D Change his 1V fluids to hypertonic saline
E Treat with loop diuretics and ACE inhibitors

One liter of normal saline will increase plasma sodium
concentration by 1mEq/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 as they improve free water excretion. With the
addition of ACE inhibitors, congestive heart failure is
treated and vasopressing secretion is reduced.

Answer: E

Adrogue, H.J. and Madias, N.E. (2000) Hyponatremia. New
England Journal of Medicine, 342, 1581-1589.

Sonnenblick, M., Friedlander, Y., and Rosin, A.]. (1993)
Diuretic-induced severe hyponatremia: review and
analysis of 129 reported patients. Chest, 103, 601-606.

Sterns, R.H., Silver, S.M., and Spital, A. (2000)
Hyponatremia. The Kidney: Physiology and
Pathophysiology, Lippincott Williams & Wilkins,
Philadelphia, PA.

6 A 60-year-old man is admitted to the ICU after being
involved in a multi-car collision. He is found to have
multiple long bone fractures, a mesenteric hematoma,
and a splenic laceration. He is managed nonopera-
tively at first, due to the low grade nature of his splenic
laceration. However, the patient begins to require
multiple infusions of saline boluses to maintain nor-
mal blood pressure. Despite multiple boluses, the
patient is still hypotensive. Operative intervention is
planned due to the persistent hypotension. On the way
to the OR, an ABG is drawn and reveals: pH7.21,
pCO, 34, pO, 70mm Hg, HCO3 18 mEq/L. Which of
the following best describes his acid-base status?

A Primary metabolic alkalosis with respiratory
compensation

B Primary metabolic acidosis with combined respira-
tory alkalosis

C Primary metabolic acidosis
compensation

D Primary metabolic acidosis with combined respira-
tory acidosis

E Primary respiratory alkalosis with metabolic
compensation

with respiratory

The patient has a metabolic acidosis likely from multiple
saline boluses in an attempt to control his hypotension.
Excessive saline infusion can cause a hyperchloremic

Acid-Base, Fluid, and Electrolytes

non-gap metabolic acidosis. The diagnosis of primary
metabolic acidosis is made by the low pH and low plasma
HCOs3. Once the determination of metabolic acidosis is
made, it should be determined if a gap acidosis is pre-
sent. However, since no electrolytes were given to deter-
mine a gap, the next determination should be appropriate
respiratory compensation. This can be done utilizing
Winters’ formula [pCO, = (1.5x HCO3) + 8 £ 2]. The for-
mula predicts the expected pCO, in a primary metabolic
acidosis. If the measured pCO, is greater than expected,
a superimposed respiratory acidosis is present. If the
measured pCO, is less than expected, a combined res-
piratory alkalosis is present. In the case above, the
expected pCO, = (1.5 x 18) +8+2=35+2. The measured
pCO, in the above patient (34) is an expected respiratory
compensation for primary metabolic acidosis.

Answer: C

Emmett, M. and Narins, R.G. (1977) Clinical use of the
anion gap. Medicine, 56 (1), 38—54.

Kellum, J.A. (2007) Disorders of acid-base balance. Critical
Care Medicine, 35 (11), 2630-2636

Winter, S.D., Pearson, J.R., Gabow, P.A., et al. (1990) The
fall of the serum anion gap. Archives of Internal
Medicine, 150 (2), 311-313.

7 A 36-year-old woman is brought to the trauma bay
after a fall from a 3rd floor window. In addition to
multiple long-bone fractures she is suspected of having
a spinal cord injury based on physical exam findings.
During the course of her trauma survey and resuscita-
tion, she shows signs of respiratory compromise. Rapid
sequence intubation is performed with etomidate and
succinylcholine. Shortly after intubation, ECG read-
ings show cardiac arrest. What is the most likely elec-
trolyte abnormality affecting the above situation?

A Hyperkalemia
B Hypercalcemia
C Hypokalemia

D Hypomagnesia
E Hypocalcemia

Succinylcholine is a short acting, depolarizing neuro-
muscular blocking agent that inhibits the Na-K exchange
pump. This effect causes a minor increase in serum
potassium. The vast majority of the time, this effect is
minimal with no adverse reactions. However, denerva-
tion of the skeletal muscle and spinal cord injuries have
been associated with life-threatening hyperkalemia after
succinylcholine use. This has been attributed to an exag-
gerated response of depolarization in denervation inju-
ries. Long-bone fractures have also been associated with
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hyperkalemia due to local tissue damage and release of
intracellular potassium. ECG manifestations of hyper-
kalemia usually began as the serum potassium approaches
7mEq/L. The earliest changes involve peaked T waves
and PR interval lengthening. Hyperkalemia can eventu-
ally cause a widened QRS complex, heart block, ventric-
ular fibrillation, and asystole.

Answer: A

Gronert, G. A. (2001) Cardiac arrest after succinylcholine:
mortality greater with rhabdomyolysis than receptor
upregulation. The Journal of the American Society of
Anesthesiologists, 94 (3), 523—529.

Huggins, R.M., Kennedy, W.K., Melroy, M.]., and Tollerton,
D.G. (2003) Cardiac arrest from succinylcholine-induced
hyperkalemia. American Journal of Health-System
Pharmacy: AJHP: Official Journal of the American
Society of Health-System Pharmacists, 60 (7), 694—697.

Ponce, S.P, Jennings, A.E., Madias, N.E., and Harrington,
J.T. (1985) Drug-induced hyperkalemia. Medicine, 64 (6),
357-370.

8 A 70-year-old man with a long history of alcohol
abuse and congestive heart failure is recently admit-
ted for symptoms of altered mental status. The patient
is found to be thiamine deficient and is treated with
thiamine for suspected alcohol-related altered senso-
rium. During his hospital stay, the patient complains
of vision changes and ‘changes in colors” An ECG is
obtained (Figure 14.1) which shows evidence of digi-
talis toxicity.
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Figure 14.1

In the above patient, what electrolyte abnormality
is likely to be seen?
A Hypochloremia
B Hypomagnesemia
C Hypercalcemia
D Hypernatremia
E Hyperchloremia

Hypomagnesemia can exacerbate digitalis toxicity. While
hypokalemia is commonly known to exacerbate digitalis
toxicity as well, it is not the only electrolyte abnormality
associated. The patient has a known history of alcohol
abuse, which has been shown to cause hypomagnesemia
in 30% of patients. Since hypokalemia is not an answer
choice, hypomagnesemia is the best answer since it is
both seen in alcohol abuse and associated with digitalis
toxicity.

Answer: B

Cohen, L. and Kitzes, R. (1983) Magnesium sulfate and
digitalis-toxic arrhythmias. Journal of the American
Medical Association, 249 (20), 2808-2810.

Seller, R.H., Cangiano, J., Kim, K.E., et al. (1970) Digitalis
toxicity and hypomagnesemia. American Heart Journal,
79 (1), 57-68.

Tong, G.M. and Rude, R.K. (2005) Magnesium deficiency
in critical illness. Journal of Intensive Care Medicine, 20
(1), 3-17.

9 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 6.8mEq/dL, BUN 35mg/dL, and Cr 1.5mg/dL.

Other values are within normal limits. A 12-lead EKG

reveals elevated T waves and slight widening of QRS

complexes. You diagnose 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 bicarbo-
nate, diarrhea), rhabdomyolysis, RTA (Type 4, hyper-
kalemic 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 h