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hunt occurs when blood passes from the
right heart to the left heart without being
exposed to a ventilated alveolus; there is
perfusion without ventilation.1 Shunt is
important to nurse anesthetists because of

its effects on arterial oxygenation, ultimately affecting
oxygen content and tissue perfusion, as well as mito-
chondrial oxygen availability for cellular metabolic
processes. An increase in the quantity of shunt can
have deleterious effects on the normal ventilation-
perfusion ratio and can be a significant etiology of
ventilation-perfusion mismatch.

The concept of intrapulmonary shunt can be diffi-
cult to master, but mastery is necessary for advanced
practice nurses in anesthesia and critical care. A
recent study2 explored the effects of increased cardiac
output on arterial hemoglobin oxygen saturation and
shunt during 1-lung ventilation of pigs. This study
was the impetus for a simulation project required for
our cardiopulmonary pharmacology and physiology
course. To learn more about shunt-related pathophys-
iology, we elected to replicate this study on “Stan,” our
human patient simulator (HPS) (Medical Education
Technologies, Inc, Sarasota, Fla). We used the study as

Students in the Medical College of Georgia Nursing Anes-

thesia Program, Augusta, Ga, use human patient simulation

as an avenue for advanced education. Software drives the

simulation model through a myriad of programmed patient

scenarios. Individually controlled physiologic variables

help students understand how to manage a critically ill

patient. Similar technology provides students the opportu-

nity to become familiar with pre-clinical and crisis manage-

ment scenarios, ultimately providing better understanding

of perioperative anesthesia care. 

An interest in the phenomenon of intrapulmonary shunt

and an intriguing research article prompted us to develop a

simulation study evaluating the effects of ventricular con-

tractility on cardiac output and arterial oxygenation at vary-

ing degrees of shunt fraction. We presented a literature

review as well as a review on the pathophysiology of intra-

pulmonary shunt, followed by an explanation of simulation

outcomes, to our classmates and faculty. Group discussion

of the findings and observation of the variables on the sim-

ulation model allow for hands-on teaching and understand-

ing of a difficult topic.

Key words: Intrapulmonary shunt, nurse anesthesia, simula-

tion education, simulation technology.

The use of simulation to demonstrate
hemodynamic response to varying degrees of
intrapulmonary shunt
Melanie Register, CRNA, MN
Charlotte, North Carolina

Judy Graham-Garcia, CRNA, MN, BC, APRN
Statesboro, Georgia

Richard Haas, CRNA, EdM, MS
Augusta, Georgia

2002 STUDENT WRITING CONTEST WINNER

a starting point for the development of our project
and successfully simulated the concept of intrapul-
monary shunt in the classroom/laboratory setting.

Simulation technology in nursing education
Simulation technology has been developed and refined
in full-body patient simulators. “Real life” clinical situa-
tions with the HPS provide students with experiences in
managing selected physiologic and pathophysiologic
conditions prior to actually encountering these events
in the clinical arena. Stan is a computerized full-body
mannequin developed as an educational tool for health-
care providers. The incorporation of multiple physio-
logical and pharmacological software models provides a
modifiable and reproducible environment for students
to practice not only technical skills but also to manage
basic and complex clinical situations.3

Stan contains more than 35 built-in, user-modifiable
patient scenarios that simulate clinical conditions rang-
ing from bronchospasm to fluid overload. He also pos-
sesses capabilities that allow students and faculty to cre-
ate new scenarios by adjusting various cardiovascular
and respiratory parameters (Table 1). Stan has been
used since 1995 to teach physiology and pathophysiol-
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ogy to nursing anesthesia and critical care nursing stu-
dents at the Medical College of Georgia School of Nurs-
ing, Augusta, Ga.

Shunt
Intrapulmonary shunt (Qs/Qt) is identified as the
amount of venous blood that circumvents an alveolar
capillary unit and does not participate in oxygen
transfer; the blood reaches the arterial system without
passing through the ventilated regions of the lung.
Normally a small percentage of blood flow drains
directly from the thebesian, bronchial, mediastinal, or
pleural veins into the left side of the heart. This is
considered an absolute, anatomical, or true shunt and
is approximately 2% to 5% of cardiac output.1,4

To fully appreciate the concept of shunt, it is
important to first understand the phenomenon of
venous admixture. Venous admixture occurs because,
as mentioned above, not all blood returning to the left
side of the heart from the pulmonary circulation has
been completely oxygenated. Venous blood returning
to the left heart from nonoxygenated sources, as part
of normal anatomic flow, dilutes the venous blood
that is returning from adequately ventilated and per-
fused alveoli. 

Venous admixture also may result from abnormal
anatomic variants, as can be seen with ventricular sep-
tal defects. Intracardiac shunting of blood from the
right to the left heart results in an increased percentage
of nonoxygenated blood and therefore increased shunt
fraction. Even decreased alveolar ventilation results in
a ventilation-perfusion mismatch, and because of
poorly ventilated areas of lung, a right-to-left shunt of
deoxygenated blood develops that dilutes the oxy-
genated portion of the venous return to the left heart.1

Shunt contributes to impaired gas exchange. With
shunt, the defect resulting in impaired gas exchange is
significantly less responsive to increases in inspired
oxygen concentration than in normal physiologic
states. Considering the extreme, changes in inspired
oxygen concentration with 100% shunt would have
no affect on arterial oxygenation because all of the
cardiac output is passing from the right to the left
heart without undergoing oxygenation. 

Regional inequalities can exist in pulmonary blood
flow. West5 explained the concept of lung zones when
he described regional inequalities in pulmonary blood
flow. The West zones result from gravitational effects
on pulmonary blood flow as well as on inhaled gases.
This causes a greater amount of blood in the lung
bases and more inspired oxygen in the apices. Position
changes and increases in cardiac output further poten-
tiate this gravitational effect.1 Vertical movement in the

lungs from apices to bases reveals an increase in blood
flow from zone 1 (apices) to zone 3 (bases). This is sig-
nificant because the ventilation-perfusion ratio will be
high in zone 1 and low in zone 3. 

The clinical significance of this concept is that the
lung apices contribute less to total arterial oxygena-
tion because of their higher ventilation-perfusion ratio
or lower pulmonary blood flow. In critically ill
patients or anesthetized patients, ventilation-perfu-
sion mismatching occurs with position changes and
positive pressure mechanical ventilation. One com-
mon complication of anesthesia seen in postoperative
patients, as well as in critically ill patients who are
bed-bound for extended periods of time is atelectasis.
Atelectasis contributes to ventilation-perfusion mis-
matching through a decrease in the number of venti-
lated alveoli, thereby increasing shunt.1

Shunt and venous admixture can result in arterial
hypoxemia, an effect worsened as cardiac output
decreases, resulting in impaired whole body oxygen
delivery. One important observation regarding the
effect of cardiac output on shunt is that as cardiac out-
put decreases the fraction of shunt also decreases. The

Cardiovascular Respiratory

Table 1. Human patient simulator cardiovascular and
respiratory parameters

Breath sounds

Left and right bronchial
resistance

Chest wall compliance 

Tidal volume

Respiratory rate

Functional residual
capacity 

Inspiratory/expiratory 
ratio

Left and right 
intrapleural volume

Left and right lung 
compliance

Oxygen consumption

pH shift

PvO2

PETCO2-PaCO2 factor

Respiratory quotient

Shunt fraction

Laryngospasm

Aortic valve resistance

Baroreceptor sensitivity

Central venous catheter
position

Heart rate

Heart sounds/murmurs

Ischemic index sensitivity

Mitral valve resistance
factor

Pulmonary artery catheter
position

Pulmonary valve resistance
factor

Pulmonary vascular
resistance

Systemic vascular
resistance

Venous capacitance

Left and right ventricular
contractility

PvO2 indicates partial pressure of oxygen, mixed venous; PETCO2, end-tidal

pressure of carbon dioxide; PaCO2, partial pressure of carbon dioxide, arterial.



AANA Journal/August 2003/Vol. 71, No. 4 279

oxygen saturation should improve as the venous oxy-
gen extraction per milliliter of blood decreases. They
concluded that potential improvement in oxygen satu-
ration as measured by pulse oximetry (SpO2), which
might occur from a catecholamine-induced increase in
mixed venous oxygen content during 1-lung ventila-
tion, is more than offset by increased shunting and oxy-
gen consumption, which reduce SpO2. 

Wright et al8 found that bronchodilator therapy
had no effect on the degree of intrapulmonary shunt
in mechanically ventilated acute respiratory distress
syndrome patients. Bender et al9 studied the effects of
inhaled nitric oxide in patients with hypoxemia and
pulmonary hypertension after cardiac surgery. They
found that inhalation of nitric oxide does selectively
decrease pulmonary vascular tone and increase venti-
lation-perfusion matching in patients with persistent
pulmonary hypertension and hypoxemia after surgery
requiring cardiopulmonary bypass and therefore may
be a valuable adjunctive therapy in these patients.

•Mechanical ventilation. Pillet et al10 found that
suppression of an end-inspiratory pause provides a
significant increase in V

.
A/Q

.
mismatch and in shunt

effect at varying degrees of normal cardiac output. In
a subsequent study, Lin et al11 studied whether serial
incremental continuous positive airway pressure ther-
apy in acute cardiogenic pulmonary edema has any
advantages over face mask oxygen therapy by way of
intrapulmonary shunt reduction. They found that
with continuous positive airway pressure, arterial
oxygen tension (PaO2) showed a significant increase,
and the intrapulmonary shunt and alveolar-arterial
oxygen tension gradient was significantly reduced. 

•Chest physiotherapy. Ntoumenopoulos and Green-
wood12 investigated the provision of additional
evening physical therapy (in patients already on
morning treatments) on intrapulmonary shunt after
abdominal surgery. While no significant difference in
the incidence of atelectasis was found, the postopera-
tive shunt decreased significantly. 

•Effects on arterial oxygen tension. Weaver and 
Larson-Lohr13 reported that even with hyperbaric
oxygen therapy, PaO2 was considerably lower in the
presence of a large right-to-left shunt secondary to a
right main-stem intubation. 

•Disease processes and trauma. Light14 reviewed the
pulmonary pathophysiology of pneumococcal pneu-
monia, noting that arterial hypoxemia early in acute
pneumococcal pneumonia is caused principally by
persistence of pulmonary artery blood flow to consol-
idated lung resulting in an intrapulmonary shunt.
Arterial hypoxemia also results from intrapulmonary
oxygen consumption by the lung during the acute

decreased shunt fraction secondary to decreased car-
diac output occurs as a result of hypoxic pulmonary
vasoconstriction. In body tissues other than the lungs,
hypoxia causes local vasodilation in an attempt to
increase oxygen supply and reverse the hypoxia. In the
lungs, however, local vasoconstriction results from
hypoxic pulmonary constriction. This effect represents
a compensatory mechanism attempting to ensure that
pulmonary blood flows past ventilated alveoli. Since
shunt is perfusion without ventilation, as hypoxic pul-
monary vasoconstriction decreases perfusion at non-
ventilated areas, then shunt fraction decreases. This
effect is almost completely negated except in condi-
tions where shunt is very large, cardiac output is very
low, or where shunt exists secondary to regional atelec-
tasis. For example, when severe acute lung injury
occurs, such as seen in the patient with adult respira-
tory distress syndrome, this compensatory response is
lost and arterial oxygenation becomes dependent on
cardiac output.1

•Measuring Shunt. The following calculation deter-
mines the fraction of cardiac output that passes
through a shunt: 

Qs/Qt = (CcO2 – CaO2)/(CcO2 – CvO2)

Where CcO2 indicates the oxygen content of end pul-
monary capillary blood, CaO2 indicates the arterial
oxygen content, and CvO2 indicates the mixed venous
oxygen content.

Factors that have an impact on shunt

A literature review identified several factors that affect
shunt. These factors include patient positioning,
pharmaceutical therapy, mechanical ventilation, chest
physiotherapy, arterial oxygen tension, and disease
processes/trauma.

•Patient positioning. Chan and Jensen6 determined
that no statistically significant differences in relative
pulmonary shunt and arterial oxygenation existed
when postoperative coronary artery bypass graft
patients were placed in various positions. 

Pappert et al7 also studied the effects of patient
positioning in a group of acute respiratory distress
syndrome patients, a condition characterized by a sig-
nificant degree of intrapulmonary shunt. They found
that pressure-controlled mechanical ventilation in the
prone position for 2 hours provided an overall
increase in arterial oxygenation due to a shift of blood
flow away from shunt regions, thus increasing areas
with normal alveolar ventilation-perfusion V

.
A/Q

.
.

•Pharmaceutical therapy. Russell and James2 hypoth-
esized that if the cardiac output were increased in the
presence of a given intrapulmonary shunt, the arterial
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phase and by ventilation-perfusion mismatch later.
The degree of intrapulmonary shunt is influenced by a
number of factors that modify the distribution of pul-
monary blood flow. Factors that tend to reduce shunt
include effective hypoxic pulmonary vasoconstriction,
inhaled locally acting vasodilators that act primarily on
ventilated lung, and positioning the patient with the
affected lung up (as in the lateral position).

Voggenreiter et al15 studied pulmonary gas exchange
in correlation with condensed lung volume in patients
with multiple injuries and blunt chest trauma to find
nomograms that allow the estimation of the extent of
pulmonary density from gas exchange parameters. A
strong correlation between pulmonary density and
intrapulmonary shunt fraction as well as alveolar-
arterial (A-a) oxygen gradient was noted. 

Development of the educational model
We proposed that a decrease in cardiac output causes
decreased arterial oxygenation at different shunt frac-
tions. Using a simulation model, myocardial contrac-
tility was adjusted via computer-generated increments
in lieu of pharmaceutical-caused adjustments to pro-
vide for a more accurate and predictable incremental
measurement. Measurement of arterial oxygen ten-
sion was reflected by oxygenation measured via pulse
oximetry. Cardiac index was indicated as a more pre-
cise measurement of cardiac output.

In our scenarios, with a 2% shunt fraction (normal
anatomic shunt), there should be minimal effect of an
increase in cardiac output on arterial oxygenation. In
shunt fractions of 20% and 50%, a decrease in arterial
oxygenation should occur, even with acceptable car-
diac output. This was expected since an increased
portion of cardiac output would be included in the
shunted fraction, as described earlier. 

•Variables. Since our scenario stated that a decrease
in cardiac output causes decreased arterial oxygen ten-
sion at different shunt fractions, we elected to measure
only 4 variables: shunt fraction, ventricular contractil-
ity, cardiac output, and SpO2. Potentially, other vari-
ables such as PaO2 or A-a gradient might have proven
to be more reliable measurements of arterial oxygena-
tion than SpO2. Our goal, however, was to simulate a
situation and data that might be readily reproducible at
the anesthetic or critical care bedside so that caregivers
can quickly recognize the situation and react appropri-
ately. The clinician’s frequent use of cardiac output and
SpO2 measurements in acute care settings makes these
parameters clinically appropriate tools. 

Identification of specific shunt fractions and ven-
tricular contractility helped us to understand and
report our data but should not be necessary to apply

our results in practice. Shunt fraction can be calcu-
lated via the previously described formula. As the data
will later show, though, identifying the presence of
shunt is more important than quantifying the degree
of shunt. In this situation, cardiac output should suf-
fice as the measurement of cardiac function. Intrapul-
monary shunt fraction and ventricular contractility
are adjustable variables within the HPS. Shunt frac-
tions of 2%, 20%, and 50% were used to indicate vary-
ing levels of physiologic and pathophysiologic states. 

Cardiac output is typically the volume of blood
ejected from the left ventricle per minute. It is specific
for each patient and is affected by individual body
weights. We therefore chose to measure cardiac index.
Cardiac index is cardiac output per body surface area
(L/min per M2). It is a normalized cardiac output that
is relative for all patients. 

•Simulator changes. Standard Man, or Stan, is an
HPS model representing a healthy adult male, 33 years
old. His height and weight were selected by the
researchers to be 170 cm and 70 kg (67 in and 154 lb).
Stan was breathing room air spontaneously. He had no
restrictions on tidal volume or respiratory rate. Stan’s
baseline vital signs include SpO2 of 97% and a cardiac
output of 5.8 L/min. Because Stan is very robust and
sometimes shows delayed or minimal response to
pathophysiologic states in his vital signs, his oxygen
consumption was increased from the baseline 200
mL/min to 400 mL/min. This factor was affected in an
effort to ensure that changes due to increased shunt
fraction and decreased myocardial contractility would
be apparent. A pulmonary artery occlusion catheter
was “placed” (programmed) in order to measure car-
diac index. (Heart rate and blood pressure measure-
ments were not recorded during the simulation.) No
drugs were administered. 

Stan began the simulation with an anatomic shunt
level, 2% or 0.02. Both left and right ventricular con-
tractilities were sequentially decreased from 1.5 to
0.5. (The HPS user’s manual explains that the default
ventricular contractility factor is 1.0. A value of 2.0
doubles the baseline contractility. A value of 0.5
decreases it by 50%.) Cardiac outputs were “shot”
(again, programmed or ordered) and cardiac index
and SpO2 values were documented. It should be noted
that between changes in the variables Stan was
allowed adequate time to stabilize, as evidenced by
level SpO2 values, to the new state before measure-
ments were recorded. Completed measurements were
gathered for the full range of ventricular contractili-
ties at the 2%, 20% (0.20), and 50% (0.50) shunt lev-
els. The HPS user’s manual states that shunt values of
0.10 to 0.40 are needed to create arterial hypoxemia.
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•Results. Study data are shown on Tables 2 to 4,
while Figures 1 to 4 provide graphic representation of
the data. The data are prepared on 2-line axes graphs in
order to demonstrate the 3 variables per shunt fraction. 

With a 2% intrapulmonary shunt, the cardiac index
generally decreased from 4.40 to 2.80 L/min per M2

while SpO2 only decreased from 99% to 98% as ven-
tricular contractility decreased. 

With a 20% shunt, the cardiac index decreased from
5.99 to 2.94 L/min per M2 as ventricular contractility
decreased. The SpO2 remained unchanged at 95% until
a short but abrupt decrease to 93% occurred at ven-
tricular contractility of 0.8 and cardiac index of 3.79
L/min per M2. Then the SpO2 stabilized at 93% through
further cardiac index decreases to 2.94 L/min to M2.

With a 50% shunt, the cardiac index decreased
from 5.40 to 1.99 L/min per M2 as ventricular con-
tractility decreased. The SpO2 decreased relatively
much less, from 84% to 71%. At a ventricular con-
tractility of 0.5, Stan did not stabilize his SpO2 and
other vital signs and had rapid decline in function,
“dying” soon thereafter.

•Conclusion. Our prediction that decreased cardiac
index relative to decreased ventricular contractility
causes decreased SpO2 at different shunt fractions was
supported at the abnormal shunt fractions, 20% and
50%. Unexpectedly, however, we came to another
conclusion from the data: oxygen saturation is a very
poor indicator of cardiac function, even with signifi-
cant intrapulmonary shunt. The arterial oxygen ten-
sion values remained relatively unchanged, even as
the cardiac index steadily decreased. 

Based on these results, the bedside clinician must
therefore be aware when a patient has a physiologic

intrapulmonary shunt and variable degrees of ventric-
ular contractility and make sure to not become relaxed
in vigilance, even in the face of stable SpO2 values. 

Practical applications for the nurse
anesthetist
Nurse anesthetists must be able to recognize the pres-
ence of intrapulmonary shunt and act appropriately
for treatment and care of patients with these shunts.

•Diseases in which shunt appears. There are many
varied conditions in which the pathophysiologic state
of shunt may be present. Cardiac and pulmonary fac-
tors can play independent and dependent roles. And,
in the case of nonfunctioning hypoxic pulmonary
vasoconstriction, the patient is usually unable to com-
pensate for the shunt.

Ventricular Cardiac index
contractility (L/min per M2) SpO2 %

0.5 2.80 98

0.6 3.12 98

0.7 3.29 98

0.8 3.44 98

0.9 4.21 99

1.0 4.40 98

1.1 4.59 98

1.2 4.11 98

1.3 4.19 98

1.4 4.31 98

1.5 4.40 99

Table 2. Raw data for 2% shunt

Ventricular Cardiac index
contractility (L/min per M2) SpO2 %

0.5 2.94 93

0.6 3.28 93

0.7 3.56 94

0.8 3.79 95

0.9 4.00 95

1.0 4.17 95

1.1 4.30 95

1.2 5.08 95

1.3 4.93 95

1.4 5.88 95

1.5 5.99 95

Table 3. Raw data for 20% shunt

SpO2 indicates oxygen saturation as measured by pulse oximetry.

SpO2 indicates oxygen saturation as measured by pulse oximetry.

Ventricular Cardiac index
contractility (L/min per M2) SpO2 %

0.5 0 0

0.6 1.99 71

0.7 3.39 76

0.8 3.65 79

0.9 4.45 80

1.0 4.71 80

1.1 4.24 81

1.2 4.76 81

1.3 4.94 82

1.4 5.04 82

1.5 5.40 84

Table 4. Raw data for 50% shunt

SpO2 indicates oxygen saturation as measured by pulse oximetry.
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Perhaps the most common pathophysiologic state
that features ventilation/perfusion mismatch that an
anesthetist might encounter is atelectasis. All degrees
of shunt can occur with atelectasis. Patients at risk for
atelectasis included those with chronic obstructive
pulmonary disease, in which the closing capacity of

small airways exceeds the functional residual capacity
leading to airway collapse. Also, postoperative
patients who have limited diaphragmatic excursion
due to pain, binders, obesity, or decreased mental sta-
tus frequently develop atelectasis.

By itself, congestive heart failure does not cause
intrapulmonary shunt. However, in the case of cardio-
genic pulmonary edema secondary to the congestive
heart failure, shunt will be present. Pneumonia and
sepsis, and subsequent acute respiratory distress syn-
drome, are frequent sources of noncardiogenic pul-
monary edema. Noncardiogenic pulmonary edema
can be further worsened by factors that increase flow
to consolidated lung and worsen shunt including
endogenous vasodilator mediators, exogenous sys-
temically administered vasodilator drugs, and posi-
tioning the patient with the affected lung dependent.14

Iatrogenic ventilatory causes of shunt also can
occur. Both inadvertent right main stem intubation
and intentional 1-lung ventilation instantly create up
to 50% shunt fractions.13 In addition, caregiver appli-
cation of increased positive airway pressure can be
responsible for increased shunt fractions.14

•Effects of drugs on cardiac output and shunt. As our
data showed, worsened cardiac output is not apparent
from SpO2 readings. The clinician will be unable to
assess the degree of cardiac dysfunction from a quick
glance at the SpO2. For this reason, it is important for
the anesthetist to be wary of administration of med-
ications that depress myocardial function and recog-
nize that SpO2 will remain relatively stable until a pre-
cipitous drop occurs upon reaching a critical degree of
ventricular function.

Of anesthetic intravenous induction agents, thiopen-
tal and methohexital have direct depressant effects on
the myocardium. Propofol can have negative inotropic
effects.16 Of volatile anesthetic agents, halothane and,
to a lesser degree, isoflurane and sevoflurane are
responsible for decreased myocardial contractility.17

Cardioselective b1-adrenergic antagonists such as
acebutolol, atenolol, and metoprolol reduce inotropy of
the myocardium. The calcium channel blockers dilti-
azem and verapamil decrease myocardial contractility.18

Summary
This project culminated in an audiovisual presenta-
tion of the literature review and review of the patho-
physiology of intrapulmonary shunt, followed by an
explanation of simulation outcomes. The effects of
varying ventricular contractility on arterial oxygena-
tion and cardiac output in the presence of intrapul-
monary shunt also were demonstrated on the human
patient simulator for students and faculty. 

Figure 1. Ventricular contractility, cardiac index, and
oxygen saturation as measured by pulse oximetry
(Spo2) at a shunt fraction of 2%

Figure 2. Ventricular contractility, cardiac index, and
oxygen saturation as measured by pulse oximetry
(Spo2) at a shunt fraction of 20%

Figure 3. Ventricular contractility, cardiac index, and
oxygen saturation as measured by pulse oximetry
(Spo2) at a shunt fraction of 50%
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One limitation to our demonstration lies in the
model’s inherent robustness and demonstrated resist-
ance to prompt changes in arterial oxygenation as
reflected on the oxygen saturation monitor. Stan’s
SpO2 often remains inappropriately elevated in the
presence of a decreased partial pressure of oxygen.
One student has proposed that this may be secondary
to a defect in the algorithm and subsequent physio-
logical responses to changes in the normal oxyhemo-
globin dissociation curve. We are aware that the man-
ufacturer of the HPS welcomes suggestions for
improvements to the computerized mannequin.

Further limitations to the study include its model
and subject. The motivational study used animal
research, with pigs. We implemented our study on a
computerized mannequin. While the creators of HPS
are diligent in creating clinical applications for their
program, it remains only a program. Research on
human subjects remains the standard from which any
hope of generalizability may truly be considered.

Nonetheless, there are several take-home points we
would like to stress. They include the value of simu-

lation technology in nursing anesthesia education, the
physiologic concepts of intrapulmonary shunt, and
the veritable lack of sensitivity that a patient’s SpO2

might have for decreasing myocardial function in the
presence of intrapulmonary shunt.
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