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PREFACE
There is much new about Harvey. The current generation described in this manual involves a
dramatic updating to state-of-the-art technology and a major expansion of the curriculum:
(1) Harvey has lost weight from over 600 lbs. to less than 100 lbs. by replacing the
mechanics with digitally-driven impulses.
(2) Additional cardiac disease states are simulated, bringing the total to 30, and
additional cardiac auscultatory areas have been added.
(3) Pulmonary auscultatory findings are now simulated and appropriately matched
to the cardiac disease being presented.
(4) Harvey can “talk” through a built-in speaker, thus becoming a complete
standardized patient, representing both the history and physical examination.
The result is an all-new, more portable, more versatile and less costly simulator.
This Learner Manual describes the use and educational content of the current generation of Harvey,
now described as the Cardiopulmonary Patient Simulator. Harvey was conceived nearly forty
years ago, and the first prototype was exhibited at the American Heart Association Scientific
Sessions in 1968. Harvey has now become an established teaching device, currently training
thousands of learners annually worldwide. The Cardiopulmonary Patient Simulator is able to integrate
all of the bedside findings and realistically simulate essentially any cardiac disease.
The Introduction to the first Harvey Learner Manual began with the two paragraphs that follow:
“The appropriate evaluation of patients with cardiovascular disease requires a
skillfully performed physical examination. It is the noninvasive technique with the
widest application in cardiology. Often more complex laboratory procedures are
carried out when the orderly bedside examination will result in a scholarly and
accurate diagnosis. In addition, the information obtained at the bedside will guide
the selection and interpretation of more sophisticated laboratory procedures.
There are two requirements for the optimal application of the bedside examination
to patient diagnosis and care. First, the skills must be practiced routinely and
repetitively. This requires an appropriate group of available patients with a variety
of diseases at various stages in their development and treatment. Second, the
physician must have an orderly technique of examination coupled with knowledge
of the hemodynamic correlations of the bedside findings. This requires effective
instruction by cardiologists motivated to teach.”
Nothing has changed, except that these two requirements are even more difficult to fulfill today.
Patients and teachers are less available, as the changing health care and economic climate has
resulted in shorter patient hospital stays and less time for instructor teaching.
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The “patient” requirement is fulfilled by Harvey, whose high technology may be used to teach the
critical “low technology” of bedside diagnosis. The “teacher” requirement is fulfilled by our richest
resource, “The M.I.A.M.I. Group.”
“The M.I.A.M.I. Group” is a multicenter consortium of cardiologists and educators that has met
quarterly for the last 35 years to review, revise and update the teaching materials that accompany
the Cardiopulmonary Patient Simulator. This includes PowerPoint® programs that present all
elements of the patient evaluation from the history to noninvasive and invasive laboratory data and
treatment. Over the last 20 years, “The M.I.A.M.I. Group” has also developed the UMedic®
Multimedia Computer Curriculum that may be linked to Harvey. UMedic is the preferred method of
instruction, as it saves instructor teaching time by presenting interactive real-time patient evaluations
based on Harvey. The system also documents learner performance.
The Cardiopulmonary Patient Simulator has undergone extensive use and testing of its teaching
effectiveness at multiple centers. It does not need an instructor available for its daily operation,
maintenance is minimal, and it may be used to teach small and large groups at multiple levels. A
rigidly-controlled and comprehensive study supported and independently evaluated by the National
Heart, Lung and Blood Institute has been carried out. It involved over 200 learners at five institutions
over a one-year period, and demonstrated that, compared to learners trained with real patients,
those trained with Harvey scored significantly higher on cognitive and skills tests, including cardiac
examinations involving real patients.
These studies and our own experience have convinced us for decades that simulation technology
in medical education is the key to “hands on” skills training, and that multimedia computer assisted
instruction is a central method for medical education. Acceptance of our vision has increased
dramatically, and further advances in technology will result in the universal use of such systems.

Michael S. Gordon, M.D., Ph.D.
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LEARNING GUIDE

Figure 1. Harvey, the Cardiopulmonary Patient Simulator*

OVERVIEW (THE APPROACH)
Harvey, the Cardiopulmonary Patient
Simulator (CPS), is capable of
simulating the bedside findings of
almost any cardiac disease (Figure 1).
The approach to examining the CPS is
the same as for a patient. When
coupled with the accompanying
PowerPoint® programs or linked to the
UMedic
Multimedia
Computer
Curriculum, all of the data available from
a patient is presented. This is embodied
in the “Five Fingers of Clinical Diagnosis”
(Figure 2).

PHYSICAL
SIGNS

ECG
X RAY

DIAGNOSTIC
LABORATORY

HISTORY

Figure 2. The Five Fingers of Clinical Diagnosis

* Named after Dr. W. Proctor Harvey of Georgetown University
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The cardiac physical signs of each disease
are presented by the CPS according to the
outline indicated in “The Five Fingers of
Physical Signs” (Figure 3). The pulmonary
examination should include careful
auscultation of all of the lung fields. These
outlines are carefully followed for each
disease state simulated by Harvey. They
are excellent guidelines for a thorough
cardiopulmonary physical examination.
They also embody the essence of clinical
medicine, as the history and physical
examination are the cornerstone of patient
management. In addition, noninvasive and
invasive procedures are best interpreted in
the context of a complete bedside patient
evaluation.

ARTERIAL
PULSE
VENOUS
PULSE

PRECORDIAL
MOVEMENT

AUSCULTATION
PHYSICAL
APPEARANCE

Figure 3. The Five Fingers of Physical Signs

The self-assessment PowerPoint® programs that have been developed for each disease
state provide the history, physical findings, electrocardiograms, X rays, echocardiograms,
and hemodynamic, therapeutic, pathologic and epidemiologic information. The slides
sequentially guide the learner through each case and conclude with a summary of the disease
and a review of the case presented. For three of the thirty conditions programmed in Harvey,
there are no separate PowerPoint® programs, as they deal with milder forms of a disorder
that has already been fully covered. These include mitral valve prolapse with an isolated click
and murmur, mild mitral regurgitation and mild tricuspid regurgitation.
Harvey may also be interfaced with UMedic, allowing access to an advanced interactive
Multimedia Computer Curriculum. The entire patient evaluation is then presented in real time
without the need for an on-site instructor. Learner performance may also be documented.
UMedic programs are available for the majority of conditions programmed in Harvey,
especially the most common and instructive disorders.

CAPABILITIES
The CPS may be used for teaching in any environment in which a patient may be examined.
Individual students or small groups may learn without an instructor by using the device with the
self-assessment PowerPoint® programs or UMedic. Larger groups may be taught at Harvey’s
bedside or in a lecture hall setting by using electronic or infrared stethophones.
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Figure 4. Venous and Arterial Pulses

For each disease, the Cardiopulmonary Patient Simulator specifically demonstrates the
following bedside findings (Figure 4):
Blood Pressure - right arm
Bilateral jugular venous pulse wave form
Arterial pulses including:
a.
Carotids - bilateral
b.
Brachials - right
c.
Femorals - bilateral
Pulse configurations vary appropriately for each disease.
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Figure 5. Precordial Movements

Precordial movements (Figure 5) include:
a.

Pulmonary area (upper left sternal edge)

b.

Right ventricular area (mid and lower left sternal edge)

c.

Left ventricular area (apex - 5th left intercostal space,
midclavicular line)

d.

Displaced left ventricular area (6th and 7th left intercostal
space, anterior axillary line)

Within each area, multiple movements appropriate for a given disease may be
simulated.
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Figure 6. Cardiac Auscultation

Cardiac Auscultation (Figure 6) - the auscultatory areas represented
include:
a.
b.
c.
d.
e.
f.
g.

Aortic area (upper right sternal edge)
Pulmonary area (upper left sternal edge)
Tricuspid area (lower left sternal edge)
Mitral area (apex)
Mitral radiation (posterolateral to apex)
Aortic or pulmonary radiation (upper chest)
Carotids
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Figure 7. Pulmonary Auscultation

Pulmonary Auscultation (Figure 7) - the pulmonary auscultatory areas
represented include the following lung fields:
a.
b.
c.

right upper
right inferoposterior
right inferoanterior

d.
e.
f.

left upper
left inferoanterior
left inferoposterior

Pulmonary findings match the cardiac disease presented.
Respiration (Figure 7):
g.

Abdominal breathing is simulated

All the areas of movement and the cardiac acoustic events are synchronized, and the
cardiac acoustic events vary with respiration when appropriate. The heart rate is 60
beats per minute and the respiratory rate is 12 cycles per minute for all diseases.
Talking (Figure 7):
h.

A built-in speaker allows an instructor, through the use of a
wireless microphone that is provided with Harvey, the
option to respond to history questions posed by the learner.
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OPERATION
THE USER SHOULD UNDERSTAND THE INFORMATION IN THIS SECTION BEFORE
OPERATING THE CPS.

IMPORTANT SUGGESTIONS
TO PROLONG THE LIFE OF HARVEY
1.

Please treat Harvey with the same respect you would a live patient - gently!
(DO NOT GIVE CPR!)

2.

Do not put pressure on abdomen.

3.

Keep ink, marking materials, printed materials and stethoscope tubing
away from the skin, as marks cannot be removed. Your hands must be
clean before using the CPS.

4.

Do not attempt to move the hands or to remove or reposition the blood
pressure cuff.

5.

While Harvey is portable, exercise care when moving to protect internal
circuitry and mechanics.

6.

If you have any technical problems or questions, please make a record of
the problem and contact the person in charge.

INTRODUCTION
The CPS is simple to operate. It requires the integration of two primary sources of control:
1. Selecting the appropriate disease code number on the keypad control.
2. Displaying the PowerPoint® program or using the UMedic program for the same
disease.
Examination of the “patient” should proceed according to the standard medical
procedure outlined in the “Five Finger Approach.”
Avoid excessive pressure when palpating the simulator, or, as in the case of a real
patient, the movement may be occluded or trauma result. The examination procedure
should be systematic and identical to that used when examining a live patient. The
technique of the careful bedside examination is described at the end of this chapter.
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CONTROLS AND INDICATORS
The controls and indicators are found
in the keypad next to Harvey’s head as
illustrated in Figure 8. Their functions
are described in the instructions next to
the keypad on Harvey and are shown
below. The volume keys control the
volume of both the stethoscope and any
stethophones that may be used by
multiple learners. Stethophones may be
linked to Harvey by plugging in to the
“audio out” outlet at the lower right end
of the foot of Harvey’s cabinet.

Figure 8. Keypad

DIRECTIONS
1.

TURN POWER ON: PRESS PWR - THE
SYSTEM WILL INITIALIZE BY STATING
“PLEASE WAIT WHILE LOADING SOUNDS”
DISEASE CODE 46 (NORMAL) WILL
APPEAR WITH INSTRUCTIONS TO
“EXAMINE PATIENT NOW”

2.

CHANGE DISEASE: ENTER CODE NUMBER
AND PRESS OK

3.

CANCEL ENTRY: PRESS “C”

4.

CHANGE VOLUMES OR IMPULSE AMPLITUDE:
PRESS VOL or AMP - or + AS OFTEN AS
REQUIRED. (WHEN CHANGING TO A NEW
DISEASE, THEY WILL AUTOMATICALLY
RETURN TO A PRESET LEVEL.)

5.

POWER OFF: PRESS PWR

NOTE: HARVEY WILL TURN OFF TWO HOURS AFTER THE
LAST KEYPAD ENTRY. TO TURN ON AGAIN, PRESS PWR.
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TESTING
There is a simple procedure that allows instructors to examine learners without their
knowing the disease code. The disease is called up by the instructor using the procedure
described previously. The instructor then presses C and the code number will disappear.
(Do not enter another disease code number or press OK.)

TECHNIQUE OF EXAMINATION
The technique of examining Harvey is identical to that used when examining a live patient.
The “Five Fingers of Physical Signs” should be used as an outline.
1. GENERAL APPEARANCE: The general appearance of each patient simulated by
the CPS is described or graphically demonstrated in the PowerPoint® programs, in
the UMedic system and in the Disease Guide.
2. VENOUS PULSES: The venous pulse is evaluated by inspection of the internal
jugular veins which directly reflect right atrial dynamics. They are observed (not
palpated) as they undulate at the inferolateral aspect of the sternocleidomastoid
muscle. There are two types of
information that can be obtained
from the venous pulse: mean central
venous pressure and wave form.
The mean central venous pressure
varies only slightly in the CPS. The
exact level is given for each disease
in the accompanying slide program
and in the UMedic system. The
venous wave form is exactly
simulated. The wave form is
assessed by timing its movement
Figure 9. Assessing the Jugular Venous Pulse
with the carotid pulse (which lies
with Tangential Light while Timing
higher in the neck just medial to the
with the Carotid Impulse
sternocleidomastoid muscle) or with
the heart sounds. A small penlight may be used to beam a tangential light source on
the jugular venous pulse to better visualize the venous wave form (Figure 9).
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One acceptable technique for
assessing the jugular venous
pulse is to feel the left carotid
while watching the right internal
jugular or listening to the heart
sounds for timing (Figure 10).

Figure 10. Assessing the Venous Wave
Form by Timing with the
Carotid Impulse and Heart Sounds

3. ARTERIAL PULSE: Assessment of the arterial pulses
includes taking the blood
pressure and palpating the
pulses.
As with a patient, the blood
pressure is taken by first
palpating the right brachial
artery at the medial aspect of
the antecubital fossa. The
stethoscope diaphragm is then
placed over the artery and
the cuff inflated (Figure 11).
While slowly deflating the cuff
and simultaneously listening
through the stethoscope,
the sphygmomanometer is
observed to determine when the
Korotkoff sounds begin and end
(Figure 12).

Figure 11. Blood Pressure - Placement
of Stethoscope Diaphragm on
Brachial Artery and Inflation of Cuff
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Figure 12. Blood Pressure
Sphygmomanometer

The carotid arterial pulse should
be lightly palpated high in the
neck just medial to the
sternocleidomastoid,
assessing its upstroke, peak,
and downstroke (Figure 10).
The right brachial and the
femorals should be examined
subsequently. The right brachial
should
be
palpated
simultaneously with the femoral
to detect diminution or delay in
the latter as a clue to coarctation
of the aorta (Figure 13).
Figure 13. Simultaneous Palpation of
the Brachial and Femoral Arteries
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4. PRECORDIAL MOVEMENTS: The areas of
movement have been described along with their
locations (Figure 5). The observer should
GENTLY palpate the chest wall in all of these
areas. Multiple movements may occur, both in
systole and diastole. It is necessary to
simultaneously palpate the carotid and/or listen to
the heart sounds to time these palpable precordial
movements (Figure 14).
5. CARDIAC AUSCULTATION: After having
assessed the venous, arterial and chest wall
pulsations, the acoustic events may be analyzed.
The auscultatory examination is commonly begun
at the aortic area and the stethoscope inched to
the pulmonary area, tricuspid area and mitral area.
Also listen for posterolateral radiation of mitral
Figure 14. Precordial Movement murmurs, superior radiation of aortic and
Simultaneous Auscultation
pulmonary murmurs and for carotid bruits. It is
and Palpation
helpful to simultaneously palpate the carotid to time
the acoustic events (Figure 15). Great care should be used to exactly time all of the
sounds and murmurs and to assess their intensity, frequency, configuration, duration,
radiation, and variation, if any, with respiration.
6. PULMONARY AUSCULTATION: Auscultation
of the lungs should also be carried out in an
orderly manner. Different findings may be present
on the left and right sides in the upper lung fields
as well as both the lower anterior and lower
posterior lung fields.

Figure 15. Auscultatory Inching
while Simultaneously Palpating
the Carotid Impulse for Timing

7. HISTORY-TAKING: A built-in wireless audio
system enables Harvey to function as a complete
standardized patient so that learners can also
practice their history-taking skills. The instructor
is typically located in a nearby room, hears the
questions through a separately-installed audio
system, and responds through the wireless
system in Harvey. Scripts for these two-way
conversations with Harvey may be developed
from the histories provided in Harvey’s
PowerPoint® or UMedic programs, as with any
standardized patient encounter.
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DISEASE GUIDE

INTRODUCTION
The following Disease Guide provides descriptive material and graphic representation
of all the bedside findings for the curriculum of 30 cardiac conditions. Table 1 provides a
list of auscultatory abbreviations used in the Disease Guide.
There is a glossary (Table 2) preceding the core curriculum of diseases. The purpose
of the glossary is to provide the reader with an orientation to the terminology and
graphic material presented in the Disease Guide. It is not intended to present a
comprehensive description of all non-auscultatory and auscultatory events.
There is a total curriculum of 30 cardiac conditions programmed into Harvey. They are
listed in Table 3, in logical order, so that the student may progress from the less complex
and more common diseases to the more complex and rare diseases. The data for each
disease is subsequently presented on two facing pages.
The PowerPoint® programs are an excellent source of instruction, as they present the
bedside findings along with historical, laboratory, therapeutic, pathologic, and
epidemiologic data in a self-assessment format. The Disease Guide is best utilized for
review of the bedside findings. If the UMedic system is available, it is the preferred
method of instruction.
Finally, a master key to the 30 diseases (Table 4), located at the end of this chapter,
summarizes the bedside findings of these cardiac conditions in the same graphic format
found in the Disease Guide.
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Table 1 AUSCULTATORY ABBREVIATIONS
USED IN THE DISEASE GUIDE

S1

First heart sound

S2

Second heart sound

M or M1

Mitral component of first heart sound

T or T1

Tricuspid component of first heart sound

S3

Third heart sound

S4

Fourth heart sound

A or A2

Aortic component of second heart sound

P or P 2

Pulmonic component of second heart sound

OS

Opening Snap

ES

Ejection Sound

C

Systolic Clicks
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Table 2 - GLOSSARY

PULSES

ACOUSTIC EVENTS

JUGULAR VENOUS PULSES

MURMURS
FREQUENCY

a

MEDIUM

y

S4

1

S1

S2

NORMAL

ES

HIGH

GRADE

v

c
x

LOW

HEART SOUNDS

S1

S2

S3
S2

S1

GIANT A WAVE

S1

FOURTH AND THIRD HEART SOUNDS

S2
EJECTION SOUND

MT

2

S1

S2

S1

REGURGITANT S(CV) WAVE

S2

S2

DOMINANT V WAVE

A OS
S1

S1

3

SPLITTING OF FIRST HEART SOUND

ARTERIAL PULSES

OPENING SNAP

A P
C

SHAPES

CRESCENDO

DECRESCENDO

CRESCENDODECRESCENDO

S1

S2
S2

S1

S1

S2
NORMAL

S1

S2
SPLITTING OF SECOND HEART SOUNDS

DIMINISHED

MID SYSTOLIC CLICKS

SYNTHESIS OF ACOUSTIC EVENTS

TIMING

SYSTOLIC
S1

S1

S2

S1

RAPID RISING AND BIFID

S2

DIMINISHED AND SLOW RISING
(ANACROTIC)

DIASTOLIC
S2

S1

EARLY SYSTOLIC
S3

MID SYSTOLIC

S1

S2

S1

PRECORDIAL IMPULSES
LATE SYSTOLIC

HOLO SYSTOLIC
S1

S1

S2

NORMAL APICAL

S2

EARLY DIASTOLIC

ACCENTUATED EARLY SYSTOLIC

A HIGH FREQUENCY GRADE 3 HOLOSYSTOLIC MURMUR.
A THIRD HEART SOUND FOLLOWED BY A LOW FREQUENCY
GRADE 2 MID DIASTOLIC CRESCENDO-DECRESCENDO MURMUR.

ES

MID DIASTOLIC
LATE DIASTOLIC
S4

S1

S2

S3

PRESYSTOLIC, SUSTAINED AND
EARLY DIASTOLIC

S1

S2

CONTINUOUS
LATE SYSTOLIC

S1

S2

S1

AN EJECTION SOUND FOLLOWED BY A MEDIUM FREQUENCY GRADE 2
EARLY SYSTOLIC CRESCENDO-DECRESCENDO MURMUR.
A HIGH FREQUENCY GRADE 2 DIASTOLIC DECRESCENDO MURMUR.
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Table 3 CARDIOPULMONARY PATIENT SIMULATOR
CURRICULUM
CONDI TI ON

CODE

PAGE

Introductory Program

44

III - 6

Normal

46

III - 8

Innocent Murmur

22

III - 10

Aortic Valve Sclerosis

49

III - 12

Hypertension

36

III - 14

Angina Pectoris

39

III - 16

Acute Inferior Myocardial Infarction

43

III - 18

Acute Anterior Myocardial Infarction

40

III - 20

Ventricular Aneurysm

48

III - 22

Mitral Valve Prolapse

9

III - 24

Mitral Valve Prolapse, Isolated click & murmur

10

III - 26

Mitral Regurgitation, chronic

7

III - 28

Mitral Regurgitation, mild

8

III - 30

Mitral Regurgitation, acute

6

III - 32

Mitral Stenosis with severe tricuspid regurgitation

4

III - 34

Mitral Stenosis with mild tricuspid regurgitation

5

III - 36

Mitral Stenosis & Regurgitation

3

III - 38

Aortic Regurgitation, chronic

17

III - 40

Aortic Regurgitation, acute

37

III - 42

Aortic Stenosis

13

III - 44

1

III - 46

Cardiomyopathy

42

III - 48

Acute Pericarditis

30

III - 50

Primary Pulmonary Hypertension

11

III - 52

Atrial Septal Defect

23

III - 54

Ventricular Septal Defect

25

III - 56

Patent Ductus Arteriosus

28

III - 58

Pulmonary Stenosis

20

III - 60

Coarctation of the Aorta

33

III - 62

Tetralogy of Fallot

27

III - 64

Hypertrophic Obstructive Cardiomyopathy

NOTE: Appropriate pulm onary findings are program m ed into
each condition found in Harvey.
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GENERAL APPEARANCE:

A normal appearing 50-year-old man in no distress.

44

JUGULAR VENOUS PULSE

ARTERIAL PULSE

The MEAN PRESSURE and WAVE FORM
are normal. The normal mean pressure is
less than 7 cm H2O. The normal wave form
includes the dominant “a” wave due to right
atrial contraction, the “x” descent due to atrial
relaxation, the “c” wave (more often recorded
than seen) transmitted from the carotid
artery, the smaller “v” wave due to passive
filling of the right atrium and the “y” descent
due to emptying of the right atrium after the
tricuspid valve opens.

The BLOOD PRESSURE is normal. The CAROTID and
PERIPHERAL PULSES are normal, including the rate of
rise, pulse volume and contour, with a single peak palpable
at the bedside.

PRECORDIAL MOVEMENTS
At the CARDIAC APEX, there is a normal impulse. The only palpable precordial movement in normal
patients occurs in early systole and is due to movement of the left ventricular apex toward the chest wall
just after the first heart sound. The apical impulse is specifically normal in location, (fifth intercostal space,
midclavicular line) size (less than 2 cm) and contour (brief or nonsustained).

CARDIAC AUSCULTATION
At the AORTIC AREA, S1 is softer than S2 and both are single and normal in intensity. In this area, S1 is
related to mitral valve closure and S2 to aortic valve closure. Both sounds are due to vibrations of the
valvular and surrounding cardiac structures and blood, that result from valve closure and the ensuing
deceleration of blood flow.
At the PULMONARY AREA, S2 is normally louder than S1 and there is normal inspiratory (physiologic)
splitting of S2 due to asynchronous aortic and pulmonic closure of 0.04 seconds. A2 is slightly more
intense than P2. Inspiration causes a drop in intrathoracic pressure with greater venous return to the right
ventricle and less return to the left ventricle. This prolongs right-sided and decreases left-sided ejection
time. In addition, inspiration allows the pulmonary arteries to receive a greater volume of blood, contributing
further to a delay in P2. The net effect is a later P2 and an earlier A2.
At the TRICUSPID AREA, S1 is normally louder than S2. There is normal splitting of S1 (0.03 seconds)
due to asynchronous closure of the mitral (M) and tricuspid (T) valves. Splitting of S1, if present, is best
heard at the tricuspid area because the normally softer tricuspid component is best heard in this area.
At the MITRAL AREA, S1 is normally louder than S2. S1 is single, and is related to mitral valve closure.
S2 is also single, and is related to aortic valve closure.

PULMONARY AUSCULTATION
In ALL LUNG FIELDS, there are normal vesicular breath sounds.

FINAL DIAGNOSIS:

Normal man with no evidence of cardiac disease.
(Introductory Program)
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Harvey, the Cardiopulmonary Patient Simulator
DISEASE
CODE

Introductory Program
JUGULAR VENOUS PULSE

ARTERIAL PULSES

MEAN PRESSURE

BLOOD PRESSURE

3 cm H2O

120/80 mm Hg

CAROTIDS

S1

WAVE FORM

a

c
x

S1

44

RIGHT BRACHIAL

S2

FEMORALS

v
y
S2

S1

S2

S1

S2

PRECORDIAL MOVEMENTS
RIGHT VENTRICLE

LEFT VENTRICLE (LV)

PULMONARY ARTERY

S1

DISPLACED LV

S2

CARDIAC AUSCULTATION
AORTIC

PULMONARY

}

.04

A P

S1

S1

S2

INSPIRATION

TRICUSPID

MITRAL

}

.03

MT

S2

S1

S2

PULMONARY AUSCULTATION
UPPER RIGHT

LOWER RIGHT
ANTERIOR

LOWER RIGHT
POSTERIOR

UPPER LEFT

Vesicular breath sounds

LOWER LEFT
ANTERIOR

Vesicular breath sounds
III - 7

LOWER LEFT
POSTERIOR

Harvey, the Cardiopulmonary Patient Simulator

GENERAL APPEARANCE:

A teenager with right shoulder and pectoral area pain
and tenderness.

46

JUGULAR VENOUS PULSE

ARTERIAL PULSE

The MEAN PRESSURE and WAVE FORM
are normal. The normal mean pressure is
less than 7 cm H20. The normal wave form
includes the dominant “a” wave due to atrial
contraction, the “x” descent due to atrial
relaxation, the “c” wave (more often recorded
than seen) transmitted from the carotid
artery, the smaller “v” wave due to passive
filling of the right atrium and the “y” descent
due to emptying of the right atrium after the
tricuspid valve opens.

The BLOOD PRESSURE is normal. The CAROTID and
PERIPHERAL PULSES are normal in upstroke, peak, and
downstroke.

PRECORDIAL MOVEMENTS
At the CARDIAC APEX, there is a normal impulse. The only palpable precordial movement in normal
patients occurs in early systole and is due to movement of the left ventricular apex toward the chest wall just
after the first heart sound. The apical impulse is specifically normal in location, (fifth intercostal space,
midclavicular line) size (less than 2 cm) and contour (brief or nonsustained).

CARDIAC AUSCULTATION
At the AORTIC AREA, S1 and S2 are normal. The second heart sounds are normally dominant at the aortic
and pulmonary areas.
At the PULMONARY AREA, there is normal inspiratory (physiologic) splitting of S2 due to asynchronous
aortic and pulmonic closure of .06 sec., which is the upper limit of normal in young people. Inspiration
causes a drop in intrathoracic pressure with greater venous return to the right ventricle and less return to
the left ventricle, as well as inertial delay of P2 (“hangout”). The net effect is a later P2 and an earlier A2.
At the TRICUSPID AREA, there is normal splitting of S1 due to asynchronous mitral and tricuspid closure
of .03 sec. M1 is best heard at the apex, but in many normal patients it is intense enough to also be heard
over the area where T1 is best heard. The first sounds are normally dominant at the tricuspid and
mitral areas.
At the MITRAL AREA, an S3 reflects deceleration of blood into the left ventricle just after the rapid filling
phase, associated with tensing and vibration of the mitral apparatus. This sound is low in frequency and
occurs in diastole about .16 sec. after A2. Children and young adults often have normal or physiologic S3
filling sounds.

PULMONARY AUSCULTATION
In ALL LUNG FIELDS, there are normal vesicular breath sounds.

FINAL DIAGNOSIS:

Normal young male, with no evidence of cardiac disease.
III - 8

Harvey, the Cardiopulmonary Patient Simulator
DISEASE
CODE

Normal
JUGULAR VENOUS PULSE

ARTERIAL PULSES

MEAN PRESSURE

CAROTIDS

BLOOD PRESSURE

4 cm H2O

120/70 mm Hg
S1

WAVE FORM

a

c
x

S1

46

RIGHT BRACHIAL

S2

FEMORALS

v
y
S2

S1

S2

S1

S2

PRECORDIAL MOVEMENTS
RIGHT VENTRICLE

LEFT VENTRICLE (LV)

PULMONARY ARTERY

S1

DISPLACED LV

S2

CARDIAC AUSCULTATION
AORTIC

PULMONARY

}

.06

A P

S1

S1

S2

INSPIRATION

TRICUSPID

MITRAL

}

.03

MT

S3
S2

S1

S2

PULMONARY AUSCULTATION
UPPER RIGHT

LOWER RIGHT
ANTERIOR

LOWER RIGHT
POSTERIOR

UPPER LEFT

Vesicular breath sounds

LOWER LEFT
ANTERIOR

Vesicular breath sounds
III - 9

LOWER LEFT
POSTERIOR

Harvey, the Cardiopulmonary Patient Simulator

GENERAL APPEARANCE:

22

A healthy young man.

JUGULAR VENOUS PULSE

ARTERIAL PULSE

The MEAN PRESSURE and WAVE FORM
are normal. The “a” wave, that reflects atrial
contraction, is normally dominant and larger
than the “v” wave, that reflects atrial filling.

The BLOOD PRESSURE is normal. The CAROTID and
PERIPHERAL PULSES are normal in upstroke, peak, and
downstroke.

PRECORDIAL MOVEMENTS
At the CARDIAC APEX, there is a normal brief left ventricular impulse occurring immediately after S1.

CARDIAC AUSCULTATION
At the AORTIC AREA, S1 and S2 are normal.
At the PULMONARY AREA, there is normal inspiratory splitting of S2 due to asynchronous aortic and
pulmonic closure of .06 sec. There is also a short, medium frequency, grade 2, systolic crescendodecrescendo murmur. The murmur is in early systole when the majority of blood leaves the ventricle, and
is related to the normal turbulence of flow across the pulmonary outflow tract.
At the TRICUSPID AREA, normal splitting of S1 due to asynchronous mitral and tricuspid closure of .03
sec. is present.
At the MITRAL AREA, an S3 is present and reflects the deceleration of blood entering the left ventricle just
after the rapid filling phase, associated with tensing and vibration of the mitral apparatus. This sound is
low in frequency and occurs in diastole about .16 sec. after A2. The third sound is judged as normal by the
fact that it is a frequent finding in a young patient and the remainder of the examination is negative.

PULMONARY AUSCULTATION
In ALL LUNG FIELDS, there are normal vesicular breath sounds.

FINAL DIAGNOSIS:

Innocent murmur.
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Harvey, the Cardiopulmonary Patient Simulator
DISEASE
CODE

Innocent Murmur
JUGULAR VENOUS PULSE

ARTERIAL PULSES

MEAN PRESSURE

CAROTIDS

BLOOD PRESSURE

3 cm H2O

110/70 mm Hg
S1

WAVE FORM

S1

22

RIGHT BRACHIAL

S2

S1

S2

FEMORALS

S2

S1

S2

PRECORDIAL MOVEMENTS
RIGHT VENTRICLE

LEFT VENTRICLE (LV)

PULMONARY ARTERY

S1

DISPLACED LV

S2

CARDIAC AUSCULTATION
AORTIC

PULMONARY

}

.06

A P

S1

S2

S1

INSPIRATION

TRICUSPID

MITRAL

}

.03

MT

S3
S2

S1

S2

PULMONARY AUSCULTATION
UPPER RIGHT

LOWER RIGHT
ANTERIOR

LOWER RIGHT
POSTERIOR

UPPER LEFT

Vesicular breath sounds

LOWER LEFT
ANTERIOR

Vesicular breath sounds
III - 11

LOWER LEFT
POSTERIOR

Harvey, the Cardiopulmonary Patient Simulator

GENERAL APPEARANCE:

A 70-year-old man in no distress.

49

JUGULAR VENOUS PULSE

ARTERIAL PULSE

The MEAN PRESSURE and WAVE FORM
are normal. The “a” wave, that reflects right
atrial contraction, is normally dominant and
larger than the “v” wave, that reflects passive
right atrial filling.

The systolic BLOOD PRESSURE is elevated. The
CAROTID and PERIPHERAL PULSES are normal in
upstroke, peak, and downstroke.

PRECORDIAL MOVEMENTS
At the CARDIAC APEX, there is a normal brief left ventricular impulse that immediately follows S1.

CARDIAC AUSCULTATION
At the AORTIC AREA, S1 and S2 are normal. There is a medium frequency, grade 2, short, early peaking,
systolic crescendo-decrescendo murmur. Since the murmur is confined to early systole when the majority
of blood is normally ejected from the ventricles, it reflects turbulent flow without significant left ventricular
outflow tract obstruction. It is due to the fibrotic changes of the aortic valve and the slight dilatation of the
aortic root that occur with aging.
At the PULMONARY AREA, there is normal inspiratory splitting of S2 due to asynchronous aortic and
pulmonic closure of .04 seconds. The aortic component is normally louder in the adult.
At the TRICUSPID AREA, normal splitting of S1 due to asynchronous mitral and tricuspid closure of .03
seconds is present.
At the MITRAL AREA, S1 and S2 are normal. The grade 1 systolic murmur is transmitted from the
aortic area.

PULMONARY AUSCULTATION
In ALL LUNG FIELDS, there are normal vesicular breath sounds.

FINAL DIAGNOSIS:

Aortic valve sclerosis in the elderly patient.
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Harvey, the Cardiopulmonary Patient Simulator
DISEASE
CODE

Aortic Valve Sclerosis
JUGULAR VENOUS PULSE

ARTERIAL PULSES

MEAN PRESSURE

CAROTIDS

BLOOD PRESSURE

3 cm H2O

165/80 mm Hg
S1

WAVE FORM

S1

49

RIGHT BRACHIAL

S2

S1

S2

FEMORALS

S2

S1

S2

PRECORDIAL MOVEMENTS
RIGHT VENTRICLE

LEFT VENTRICLE (LV)

PULMONARY ARTERY

S1

DISPLACED LV

S2

CARDIAC AUSCULTATION
AORTIC

PULMONARY

}

.04
AP

S1

S2

S1

INSPIRATION

TRICUSPID

MITRAL

}

.03

MT

S2

S1

S2

PULMONARY AUSCULTATION
UPPER RIGHT

LOWER RIGHT
ANTERIOR

LOWER RIGHT
POSTERIOR

UPPER LEFT

Vesicular breath sounds

LOWER LEFT
ANTERIOR

Vesicular breath sounds
III - 13

LOWER LEFT
POSTERIOR

Harvey, the Cardiopulmonary Patient Simulator

GENERAL APPEARANCE:

36

A slightly obese man.

JUGULAR VENOUS PULSE

ARTERIAL PULSE

The MEAN PRESSURE and WAVE FORM
are normal. The “a” wave that reflects atrial
contraction, is normally dominant and larger
than the “v” wave, that reflects atrial filling.

The systolic and diastolic BLOOD PRESSURE are elevated
due to systemic arterial hypertension. The CAROTID and
PERIPHERAL PULSES are normal, with no diminution or
delay in the femoral pulse. This observation essentially
excludes coarctation of the aorta as the cause of this
patient’s hypertension.

PRECORDIAL MOVEMENTS
At the CARDIAC APEX, there is a palpable presystolic impulse, corresponding to an S4, due to enhanced
left atrial contraction into a thickened left ventricle with decreased compliance. This is followed by a
nondisplaced, sustained systolic impulse, reflecting the pressure loaded, hypertrophied ventricle due to
hypertension.

CARDIAC AUSCULTATION
At the AORTIC AREA, there is a normal S1 and an increased A2 due to the augmented aortic root pressure.
At the PULMONARY AREA, A2 is also increased and there is normal inspiratory splitting of S2 due to
asynchronous aortic and pulmonic closure of .04 sec.
At the TRICUSPID AREA, the first and second sounds are normal.
At the MITRAL AREA, S1 and S2 are normal. An S4 is present and reflects increased left atrial contraction
into a left ventricle with decreased compliance secondary to hypertensive cardiovascular disease.

PULMONARY AUSCULTATION
In ALL LUNG FIELDS, there are normal vesicular breath sounds.

FINAL DIAGNOSIS:

Moderate essential systemic arterial hypertension.
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Harvey, the Cardiopulmonary Patient Simulator
DISEASE
CODE

Hypertension
JUGULAR VENOUS PULSE

ARTERIAL PULSES

MEAN PRESSURE

CAROTIDS

BLOOD PRESSURE

5 cm H2O

170/110 mm Hg
S1

WAVE FORM

S1

36

RIGHT BRACHIAL

S2

S1

S2

FEMORALS

S2

S1

S2

PRECORDIAL MOVEMENTS
RIGHT VENTRICLE

LEFT VENTRICLE (LV)

PULMONARY ARTERY

DISPLACED LV

S4

S1

S2

CARDIAC AUSCULTATION
AORTIC

PULMONARY
.04

S1

}

A

AP

S2

S1

INSPIRATION

TRICUSPID

MITRAL

S4
S1

S2

S1

S2

PULMONARY AUSCULTATION
UPPER RIGHT

LOWER RIGHT
ANTERIOR

LOWER RIGHT
POSTERIOR

UPPER LEFT

Vesicular breath sounds

LOWER LEFT
ANTERIOR

Vesicular breath sounds
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LOWER LEFT
POSTERIOR

Harvey, the Cardiopulmonary Patient Simulator

GENERAL APPEARANCE:

A slightly obese 48-year-old white man.

39

JUGULAR VENOUS PULSE

ARTERIAL PULSE

The MEAN PRESSURE and WAVE FORM
are normal. The “a” wave, that reflects atrial
contraction, is normally dominant and larger
than the “v” wave, that reflects atrial filling.

The BLOOD PRESSURE is slightly elevated due to mild
systemic arterial hypertension. The CAROTID and
PERIPHERAL PULSES are normal in upstroke, peak, and
downstroke.

PRECORDIAL MOVEMENTS
At the CARDIAC APEX, there is a palpable presystolic impulse, corresponding to an S4, due to enhanced
left atrial contraction into a left ventricle with reduced compliance. This is followed by a normal left ventricular
apical impulse.

CARDIAC AUSCULTATION
At the AORTIC AREA, S1 and S2 are normal.
At the PULMONARY AREA, S1 is normal and there is normal inspiratory splitting of S2 due to asynchronous
aortic and pulmonic closure of .04 sec.
At the TRICUSPID AREA, S1 and S2 are normal.
At the MITRAL AREA, S1 and S2 are normal. An S4 is present and reflects an enhanced left atrial
contraction into a ventricle with decreased compliance secondary to atherosclerotic heart disease.

CAROTID AUSCULTATION
At the UPPER LEFT CAROTID AREA, there is a carotid bruit reflecting underlying atherosclerotic disease.

PULMONARY AUSCULTATION
In ALL LUNG FIELDS, there are normal vesicular breath sounds.

FINAL DIAGNOSIS:

Atherosclerotic heart disease with angina pectoris and
possible left carotid artery stenosis.
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Harvey, the Cardiopulmonary Patient Simulator
DISEASE
CODE

Angina Pectoris
JUGULAR VENOUS PULSE

ARTERIAL PULSES

MEAN PRESSURE

BLOOD PRESSURE

4 cm H2O

150/100 mm Hg

CAROTIDS

S1

WAVE FORM

S1

RIGHT BRACHIAL

S1

S2

39

S2

FEMORALS

S2

S1

S2

PRECORDIAL MOVEMENTS
RIGHT VENTRICLE

LEFT VENTRICLE (LV)

PULMONARY ARTERY

S4

S1

DISPLACED LV

S2

CARDIAC AUSCULTATION
AORTIC

PULMONARY

}

.04
A P

S1

S1

S2

INSPIRATION

TRICUSPID

MITRAL

S4
S1

S1

S2

S2

CAROTID AUSCULTATION
UPPER RIGHT

LOWER RIGHT

UPPER LEFT

S1

LOWER LEFT

S2

PULMONARY AUSCULTATION
UPPER RIGHT

LOWER RIGHT
ANTERIOR

LOWER RIGHT
POSTERIOR

UPPER LEFT

Vesicular breath sounds

LOWER LEFT
ANTERIOR

Vesicular breath sounds
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LOWER LEFT
POSTERIOR

Harvey, the Cardiopulmonary Patient Simulator

GENERAL APPEARANCE:

An anxious, pale, diaphoretic 41-year-old man.

43

JUGULAR VENOUS PULSE

ARTERIAL PULSE

The MEAN PRESSURE and WAVE FORM
are normal. The “a” wave, that reflects right
atrial contraction, is normally dominant and
larger than the “v” wave, that reflects passive
right atrial filling.

The BLOOD PRESSURE is mildly decreased due to left
ventricular dysfunction. The CAROTID and PERIPHERAL
PULSES are normal in upstroke, peak, and downstroke.

PRECORDIAL MOVEMENTS
At the CARDIAC APEX, there is a normal brief left ventricular impulse occurring immediately after S1.

CARDIAC AUSCULTATION
At the AORTIC AREA, S1 is diminished and S2 is normal.
At the PULMONARY AREA, S1 is diminished and there is normal splitting of S2 due to asynchronous
aortic and pulmonary closure of .05 seconds.
At the TRICUSPID AREA, S1 is diminished and S2 is normal.
At the MITRAL AREA, S1 is diminished due to first degree heart block that results in the mitral valve being
in a more closed position at the end of diastole. Reduced left ventricular contractility also contributes, as
it results in a reduced velocity of valve closure. An S4 is present and reflects an enhanced left atrial
contraction into a ventricle with decreased compliance from acute myocardial infarction.

PULMONARY AUSCULTATION
In ALL LUNG FIELDS, there are normal vesicular breath sounds.

FINAL DIAGNOSIS:

Acute inferior wall myocardial infarction due to atherosclerotic
heart disease.
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Harvey, the Cardiopulmonary Patient Simulator
DISEASE
CODE

Acute Inferior Myocardial Infarction
JUGULAR VENOUS PULSE

ARTERIAL PULSES

MEAN PRESSURE

BLOOD PRESSURE

3 cm H2O

90/60 mm Hg

CAROTIDS

S1

WAVE FORM

S1

RIGHT BRACHIAL

S2

S1

43

S2

FEMORALS

S2

S1

S2

PRECORDIAL MOVEMENTS
RIGHT VENTRICLE

LEFT VENTRICLE (LV)

PULMONARY ARTERY

S1

DISPLACED LV

S2

CARDIAC AUSCULTATION
AORTIC

PULMONARY

}

.05

A P

S1

S2

S1

INSPIRATION

TRICUSPID

MITRAL

S4
S1

S2

S1

S2

PULMONARY AUSCULTATION
UPPER RIGHT

LOWER RIGHT
ANTERIOR

LOWER RIGHT
POSTERIOR

UPPER LEFT

Vesicular breath sounds

LOWER LEFT
ANTERIOR

Vesicular breath sounds
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LOWER LEFT
POSTERIOR

Harvey, the Cardiopulmonary Patient Simulator

GENERAL APPEARANCE:

An anxious, mildly dyspneic and diaphoretic
56-year-old woman.

40

JUGULAR VENOUS PULSE

ARTERIAL PULSE

The MEAN PRESSURE and WAVE FORM
are normal. The “a” wave, that reflects right
atrial contraction, is normally dominant and
larger than the “v” wave, that reflects passive
right atrial filling.

The diastolic BLOOD PRESSURE is elevated, while the
pulse pressure is narrow and the CAROTID and
PERIPHERAL PULSES are small (hypodynamic) with a
normal contour. These changes reflect a low cardiac output
and increased systemic resistance.

PRECORDIAL MOVEMENTS
At the CARDIAC APEX, there is a sustained systolic impulse due to an ischemic dyskinetic area of muscle
that moves outward as the rest of the ventricular muscle contracts.

CARDIAC AUSCULTATION
At the AORTIC AREA, S1 is diminished and S2 is normal.
At the PULMONARY AREA, S1 is diminished and there is inspiratory splitting of S2 of .07 seconds with
expiratory splitting of .04 seconds. In this patient, the degree of splitting and its persistence during expiration
reflect right bundle branch block with delayed activation of the right ventricle resulting in delayed pulmonic
valve closure.
At the TRICUSPID AREA, S1 is diminished and S2 is normal.
At the MITRAL AREA, S1 is diminished due to reduced ventricular contractility associated with a reduced
velocity of valve movement to the closed position. There is an S3 in early diastole and an S4 in late
diastole that respectively reflect passive and active filling of the poorly compliant left ventricle. The S3
indicates significant left ventricular dysfunction.

PULMONARY AUSCULTATION
In the LOWER POSTERIOR LUNG FIELDS, there are inspiratory crackles bilaterally, reflecting acute
pulmonary venous congestion.
In ALL OTHER LUNG FIELDS, there are normal vesicular breath sounds.

FINAL DIAGNOSIS:

Acute anterior wall myocardial infarction due to atherosclerotic
heart disease.
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Harvey, the Cardiopulmonary Patient Simulator
DISEASE
CODE

Acute Anterior Myocardial Infarction
JUGULAR VENOUS PULSE

ARTERIAL PULSES

MEAN PRESSURE

BLOOD PRESSURE

6 cm H2O

120/95 mm Hg

CAROTIDS

S1

WAVE FORM

S1

RIGHT BRACHIAL

S2

S1

40

S2

FEMORALS

S2

S1

S2

PRECORDIAL MOVEMENTS
RIGHT VENTRICLE

LEFT VENTRICLE (LV)

PULMONARY ARTERY

S1

DISPLACED LV

S2

CARDIAC AUSCULTATION
AORTIC

PULMONARY
.04
A P

}

}

.07
A P

S1

S2

S1

INSPIRATION

TRICUSPID

S1

S4
S1

EXPIRATION

MITRAL

S2

S3
S1

S2

PULMONARY AUSCULTATION
UPPER RIGHT

LOWER RIGHT
ANTERIOR

Vesicular breath sounds

LOWER RIGHT
POSTERIOR

UPPER LEFT

Inspiratory
crackles

LOWER LEFT
ANTERIOR

Vesicular breath sounds
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LOWER LEFT
POSTERIOR

Inspiratory
crackles

Harvey, the Cardiopulmonary Patient Simulator

GENERAL APPEARANCE:

A 60-year-old man, slightly dyspneic at rest.

48

JUGULAR VENOUS PULSE

ARTERIAL PULSE

The MEAN PRESSURE and WAVE FORM
are normal. The “a” wave, that reflects atrial
contraction, is normally dominant and larger
than the “v” wave, that reflects atrial filling.

The BLOOD PRESSURE is at the upper limits of normal.
The CAROTID and PERIPHERAL PULSES are normal in
upstroke, peak, and downstroke.

PRECORDIAL MOVEMENTS
At the CARDIAC APEX, the impulse is inferolaterally displaced due to left ventricular enlargement. There is
a sustained systolic impulse due to a true fibrotic “anatomic” ventricular aneurysm. Similar bedside findings
may be present with a “physiologic” aneurysm, that is an ischemic dyskinetic area of muscle that moves
outward as the rest of the ventricular muscle contracts. In addition, a presystolic impulse, corresponding to
an S4, is present due to atrial contraction into a poorly compliant left ventricle. There is no palpable S3, even
though it is audible.

CARDIAC AUSCULTATION
At the AORTIC AREA, S1 and S2 are normal.
At the PULMONARY AREA, S1 is normal and there is paradoxic (expiratory) splitting of S2 of .06 seconds
due to prolonged left ventricular ejection from pump dysfunction.
At the TRICUSPID AREA, S1 and S2 are normal.
At the MITRAL AREA, there is an S3 in early diastole and an S4 in late diastole that respectively reflect
passive and active filling of the poorly compliant left ventricle. There is also a medium frequency, grade 2,
mid to late systolic, crescendo-decrescendo murmur of mitral regurgitation due to papillary muscle
dysfunction associated with systolic expansion of the aneurysm. These findings are also well heard
posterolateral to the mitral area over the enlarged left ventricle.

PULMONARY AUSCULTATION
In ALL LUNG FIELDS, there are inspiratory and expiratory crackles, reflecting chronic severe congestive failure.

FINAL DIAGNOSIS:

Large ventricular aneurysm due to atherosclerotic heart disease.
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Harvey, the Cardiopulmonary Patient Simulator
DISEASE
CODE

Ventricular Aneurysm
JUGULAR VENOUS PULSE

ARTERIAL PULSES

MEAN PRESSURE

CAROTIDS

BLOOD PRESSURE

7 cm H2O

150/90 mm Hg
S1

WAVE FORM

S1

48

RIGHT BRACHIAL

S2

S1

S2

FEMORALS

S2

S1

S2

PRECORDIAL MOVEMENTS
RIGHT VENTRICLE

LEFT VENTRICLE (LV)

PULMONARY ARTERY

DISPLACED LV

S4

S1

S2

CARDIAC AUSCULTATION
AORTIC

PULMONARY

}

.06

P A

S1

S2

S1

TRICUSPID

EXPIRATION

MITRAL

S4
S1

S2

S3
S1

S2

PULMONARY AUSCULTATION
UPPER RIGHT

LOWER RIGHT
ANTERIOR

LOWER RIGHT
POSTERIOR

UPPER LEFT

Inspiratory & expiratory crackles

LOWER LEFT
ANTERIOR

LOWER LEFT
POSTERIOR

Inspiratory & expiratory crackles
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Harvey, the Cardiopulmonary Patient Simulator

GENERAL APPEARANCE:

A normal slender young woman with mild scoliosis.

9

JUGULAR VENOUS PULSE

ARTERIAL PULSE

The MEAN PRESSURE and WAVE FORM
are normal. The “a” wave, that reflects atrial
contraction, is normally dominant and larger
than the “v” wave, that reflects atrial filling.

The BLOOD PRESSURE is normal. The CAROTID and
PERIPHERAL PULSES are also normal in upstroke, peak,
and downstroke.

PRECORDIAL MOVEMENTS
At the CARDIAC APEX, there is a normal brief left ventricular impulse occurring immediately after S1.

CARDIAC AUSCULTATION
At the AORTIC AREA, S1 and S2 are normal.
At the PULMONARY AREA, S1 is normal and there is normal inspiratory splitting of S2 of .06 sec.
At the TRICUSPID AREA, mid systolic clicks and a high frequency, grade 2, late systolic crescendo murmur
are heard. This may reflect some degree of tricuspid valve prolapse or transmission of the auscultatory
findings from the mitral area.
At the MITRAL AREA, mid systolic clicks and a high frequency, grade 3, late systolic crescendo murmur
are heard. The clicks are likely due to acute tensing of the valve as it everts into the left atrium, or less
likely may emanate from the chordae tendineae. The murmur is due to mitral regurgitation associated with
late systolic prolapse of the redundant mitral leaflets. The acoustic events are notoriously variable and
certain maneuvers should be part of the routine evaluation of the patient. For example, standing decreases
venous return, reduces ventricular size, and results in earlier and more marked prolapse of the mitral
leaflet, and hence, earlier and often louder clicks and murmur.

PULMONARY AUSCULTATION
In ALL LUNG FIELDS, there are normal vesicular breath sounds.

FINAL DIAGNOSIS:

Mitral valve prolapse (systolic click-murmur syndrome).
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Harvey, the Cardiopulmonary Patient Simulator
DISEASE
CODE

Mitral Valve Prolapse
JUGULAR VENOUS PULSE

ARTERIAL PULSES

MEAN PRESSURE

CAROTIDS

BLOOD PRESSURE

3 cm H2O

120/70 mm Hg
S1

WAVE FORM

S1

9

RIGHT BRACHIAL

S2

S1

S2

FEMORALS

S2

S1

S2

PRECORDIAL MOVEMENTS
RIGHT VENTRICLE

LEFT VENTRICLE (LV)

PULMONARY ARTERY

S1

DISPLACED LV

S2

CARDIAC AUSCULTATION
AORTIC

PULMONARY

}

.06

A P

S1

S2

S1

INSPIRATION

TRICUSPID

MITRAL

C

C

S1

S2

S1

S2

PULMONARY AUSCULTATION
UPPER RIGHT

LOWER RIGHT
ANTERIOR

LOWER RIGHT
POSTERIOR

UPPER LEFT

Vesicular breath sounds

LOWER LEFT
ANTERIOR

Vesicular breath sounds
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LOWER LEFT
POSTERIOR

Harvey, the Cardiopulmonary Patient Simulator

GENERAL APPEARANCE:

A normal slender young woman.

10

JUGULAR VENOUS PULSE

ARTERIAL PULSE

The MEAN PRESSURE and WAVE FORM
are normal. The “a” wave, that reflects atrial
contraction, is normally dominant and larger
than the “v” wave, that reflects atrial filling.

The BLOOD PRESSURE is normal. The CAROTID and
PERIPHERAL PULSES are also normal in upstroke, peak,
and downstroke.

PRECORDIAL MOVEMENTS
At the CARDIAC APEX, there is a normal brief left ventricular impulse occurring immediately after S1.

CARDIAC AUSCULTATION
At the AORTIC AREA, S1 and S2 are normal.
At the PULMONARY AREA, S1 is normal and there is normal inspiratory splitting of S2 of .06 sec.
At the TRICUSPID AREA, an isolated high frequency mid systolic click is heard. This may reflect some
degree of tricuspid valve prolapse or be transmitted from the mitral valve.
At the MITRAL AREA, a high frequency, grade 2, late systolic crescendo murmur is heard. The murmur is
due to mitral regurgitation associated with late systolic prolapse of the redundant mitral leaflets.

PULMONARY AUSCULTATION
In ALL LUNG FIELDS, there are normal vesicular breath sounds.

FINAL DIAGNOSIS:

Mitral valve prolapse with isolated click and murmur.
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DISEASE
CODE

Mitral Valve Prolapse, isolated click & murmur
JUGULAR VENOUS PULSE

ARTERIAL PULSES

MEAN PRESSURE

BLOOD PRESSURE

3 cm H2O

120/70 mm Hg

CAROTIDS

S1

WAVE FORM

S1

RIGHT BRACHIAL

S2

S1

10

S2

FEMORALS

S2

S1

S2

PRECORDIAL MOVEMENTS
RIGHT VENTRICLE

LEFT VENTRICLE (LV)

PULMONARY ARTERY

S1

DISPLACED LV

S2

CARDIAC AUSCULTATION
AORTIC

PULMONARY

}

.06

A P

S1

S2

S1

INSPIRATION

TRICUSPID

MITRAL

C

S1

S2

S1

S2

PULMONARY AUSCULTATION
UPPER RIGHT

LOWER RIGHT
ANTERIOR

LOWER RIGHT
POSTERIOR

UPPER LEFT

Vesicular breath sounds

LOWER LEFT
ANTERIOR

Vesicular breath sounds
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LOWER LEFT
POSTERIOR

Harvey, the Cardiopulmonary Patient Simulator

GENERAL APPEARANCE:

A chronically ill middle-aged woman.

7

JUGULAR VENOUS PULSE

ARTERIAL PULSE

The MEAN PRESSURE and WAVE FORM
are normal. This finding is consistent with
long-standing mitral regurgitation, wherein
the regurgitant volume delivered to the left
atrium is gradually progressive, and the left
atrium may adjust to the increased volume
by dilatation with a mild increase in mean
left atrial pressure. As a result, pulmonary,
right ventricular and right atrial hypertension
are minimized.

The BLOOD PRESSURE is normal. The CAROTID and
PERIPHERAL PULSES are also normal. Mitral
regurgitation is commonly associated with rapidly rising
arterial pulses, as the ventricle is emptying against a
decreased resistance. In this case, left ventricular failure
tends to “normalize” the pulses.

PRECORDIAL MOVEMENTS
At the CARDIAC APEX, the impulse is inferolaterally displaced due to left ventricular enlargement. It is
enlarged and sustained due to chronic volume overload. There is a palpable early diastolic impulse,
corresponding to an S3, related to ventricular failure and/or excess flow into the ventricle due to significant
mitral regurgitation.
At the RIGHT VENTRICULAR AREA, there is a palpable impulse with late systolic expansion. With
significant mitral regurgitation, the posteriorly located left atrium undergoes a gradual pressure increase,
and expands in mid to late systole, thrusting the heart forward. If one simultaneously palpates the apical
and left parasternal areas, the early apical impulse followed by the late parasternal impulse imparts a
rocking motion to the chest. In contrast, right ventricular enlargement produces a left parasternal impulse
that is most prominent in early systole.

CARDIAC AUSCULTATION
At the AORTIC AREA, S1 and S2 are normal.
At the PULMONARY AREA, there is normal splitting of S2 of .06 sec. P2 is of normal intensity, as there is
minimal pulmonary hypertension.
At the TRICUSPID AREA, S1 and S2 are normal.
At the MITRAL AREA, S1 is obscured by a high frequency, grade 3, holosystolic murmur characteristic of
chronic mitral regurgitation with radiation to the axilla. The murmur typically begins with mitral closure and
continues up to and through aortic closure, as left ventricular pressure exceeds left atrial pressure throughout
this period. An S3, coincident with early diastolic ventricular filling, introduces a brief mid diastolic, low
frequency, grade 2 rumble. The S3 may reflect a poorly compliant, failing left ventricle or increased mitral
valve flow from the volume loaded left atrium. The rumble is due to increased diastolic flow, confirming that
the mitral regurgitation is severe. The absence of an S4 reflects the inability of a dilated left atrium to
generate a powerful atrial contraction, in contrast to the common occurrence of an S4 in acute mitral
regurgitation with a smaller left atrium. These findings also radiate posterolateral to the mitral area over the
enlarged left ventricle.

PULMONARY AUSCULTATION
In ALL LUNG FIELDS, there are normal vesicular breath sounds.

FINAL DIAGNOSIS:

Rheumatic heart disease with severe chronic mitral regurgitation.
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DISEASE
CODE

Mitral Regurgitation, chronic
JUGULAR VENOUS PULSE

ARTERIAL PULSES

MEAN PRESSURE

BLOOD PRESSURE

7 cm H2O

130/80 mm Hg

CAROTIDS

S1

WAVE FORM

S1

RIGHT BRACHIAL

S2

S1

7

S2

FEMORALS

S2

S1

S2

PRECORDIAL MOVEMENTS
RIGHT VENTRICLE

LEFT VENTRICLE (LV)

PULMONARY ARTERY

DISPLACED LV

S3

S1

S2

S1

S2

CARDIAC AUSCULTATION
AORTIC

PULMONARY

}

.06

A P

S1

S2

S1

INSPIRATION

TRICUSPID

MITRAL

S3
S1

S2

S1

S2

S1

PULMONARY AUSCULTATION
UPPER RIGHT

LOWER RIGHT
ANTERIOR

LOWER RIGHT
POSTERIOR

UPPER LEFT

Vesicular breath sounds

LOWER LEFT
ANTERIOR

Vesicular breath sounds
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LOWER LEFT
POSTERIOR

Harvey, the Cardiopulmonary Patient Simulator

GENERAL APPEARANCE:

An asymptomatic young woman with a history of
rheumatic fever in childhood.

8

JUGULAR VENOUS PULSE

ARTERIAL PULSE

The MEAN PRESSURE and WAVE FORM are
normal. The “a” wave, that reflects atrial
contraction, is normally dominant and larger
than the “v” wave, that reflects atrial filling.

The BLOOD PRESSURE is normal. The CAROTID and
PERIPHERAL PULSES are normal in upstroke, peak, and
downstroke.

PRECORDIAL MOVEMENTS
At the CARDIAC APEX, there is a normal brief left ventricular impulse occurring immediately after S1.

CARDIAC AUSCULTATION
At the AORTIC AREA, S1 and S2 are normal.
At the PULMONARY AREA, S1 is normal and there is normal inspiratory splitting of S2 of .06 sec.
At the TRICUSPID AREA, there is normal splitting of S1 due to asynchronous mitral and tricuspid closure
of .03 sec.
At the MITRAL AREA, S1 is obscured by a high frequency, grade 2, holosystolic murmur characteristic of
mitral regurgitation. The murmur typically begins with mitral closure and continues up to and through aortic
closure, as left ventricular pressure exceeds left atrial pressure throughout this period.

PULMONARY AUSCULTATION
In ALL LUNG FIELDS, there are normal vesicular breath sounds.

FINAL DIAGNOSIS:

Mild rheumatic mitral regurgitation.
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DISEASE
CODE

Mitral Regurgitation, Mild
JUGULAR VENOUS PULSE

ARTERIAL PULSES

MEAN PRESSURE

CAROTIDS

BLOOD PRESSURE

4 cm H2O

120/70 mm Hg
S1

WAVE FORM

S1

8

RIGHT BRACHIAL

S2

S1

S2

FEMORALS

S2

S1

S2

PRECORDIAL MOVEMENTS
RIGHT VENTRICLE

LEFT VENTRICLE (LV)

PULMONARY ARTERY

S1

DISPLACED LV

S2

CARDIAC AUSCULTATION
AORTIC

PULMONARY

}

.06

A P

S1

S1

S2

INSPIRATION

TRICUSPID

MITRAL

}

.03
MT

S2

S1

S2

PULMONARY AUSCULTATION
UPPER RIGHT

LOWER RIGHT
ANTERIOR

LOWER RIGHT
POSTERIOR

UPPER LEFT

Vesicular breath sounds

LOWER LEFT
ANTERIOR

Vesicular breath sounds
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LOWER LEFT
POSTERIOR

Harvey, the Cardiopulmonary Patient Simulator

GENERAL APPEARANCE:

A tired, dyspneic 45-year-old man.

6

JUGULAR VENOUS PULSE

ARTERIAL PULSE

The MEAN PRESSURE is normal. The
WAVE FORM reveals a giant “a” wave
reflecting enhanced right atrial contraction
against an increased resistance to outflow,
caused by a thickened less compliant right
ventricle associated with pulmonary
hypertension.

The BLOOD PRESSURE is normal. The CAROTID and
PERIPHERAL PULSES are hyperdynamic with a brisk
upstroke, as the initial velocity of contraction of the left
ventricle is enhanced. This is due to a decreased resistance
to ventricular emptying (reduced afterload) associated with
mitral regurgitation.

PRECORDIAL MOVEMENTS
At the CARDIAC APEX, there is a palpable presystolic impulse, corresponding to an S4, due to enhanced
left atrial contraction into a left ventricle with decreased compliance. This is followed by a slightly sustained
systolic impulse due to a volume loaded left ventricle. There is a palpable early diastolic impulse,
corresponding to an S3, due to left ventricular failure and/or excess flow into the left ventricle, as seen with
significant mitral regurgitation.
At the RIGHT VENTRICULAR AREA, there is a sustained systolic impulse due to right ventricular
hypertrophy associated with pulmonary hypertension.

CARDIAC AUSCULTATION
At the AORTIC AREA, S1 and S2 are normal.
At the PULMONARY AREA, there is normal splitting of S2 of .06 sec., with an increase in the intensity of
P2, due to pulmonary hypertension.
At the TRICUSPID AREA, there is high frequency, grade 2, holosystolic murmur. The prominence of the
murmur in this area is typical of posterior mitral leaflet regurgitation, where the regurgitant jet strikes the
interatrial septum that lies adjacent to the base of the aorta.
At the MITRAL AREA, there is an S4 reflecting contraction of a thickened and powerful left atrium against
a nondistensible left ventricle, and a high frequency, grade 3, holosystolic but decrescendo murmur
consistent with mitral regurgitation of recent onset. In acute mitral regurgitation, the left atrium is small and
relatively noncompliant, resulting in a rapidly rising left atrial pressure that approaches left ventricular
pressure in late systole, reducing the degree of regurgitation, and hence, the intensity of the murmur. The
high left atrial pressure is reflected back into the pulmonary circulation causing significant pulmonary
hypertension. The murmur is followed by an S3 due to enhanced flow across the mitral valve from the left
atrial volume overload and/or left ventricular dysfunction.

PULMONARY AUSCULTATION
In ALL LUNG FIELDS, there are inspiratory and expiratory crackles, reflecting acute severe pulmonary edema.

FINAL DIAGNOSIS:

Acute severe mitral regurgitation with pulmonary hypertension due
to ruptured chordae tendineae to the posterior leaflet from infective
endocarditis.
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DISEASE
CODE

Mitral Regurgitation, acute
JUGULAR VENOUS PULSE

ARTERIAL PULSES

MEAN PRESSURE

BLOOD PRESSURE

5 cm H2O

140/80 mm Hg

CAROTIDS

S1

WAVE FORM

S1

RIGHT BRACHIAL

S2

S1

6

S2

FEMORALS

S2

S1

S2

PRECORDIAL MOVEMENTS
RIGHT VENTRICLE

LEFT VENTRICLE (LV)

PULMONARY ARTERY

S4

S1

S3

S1

S2

DISPLACED LV

S2

CARDIAC AUSCULTATION
AORTIC

PULMONARY

}

.06
A P

S1

S1

S2

TRICUSPID

INSPIRATION

MITRAL

S3

S4
S1

S2

S1

S2

PULMONARY AUSCULTATION
UPPER RIGHT

LOWER RIGHT
ANTERIOR

LOWER RIGHT
POSTERIOR

UPPER LEFT

Inspiratory & expiratory crackles

LOWER LEFT
ANTERIOR

LOWER LEFT
POSTERIOR

Inspiratory & expiratory crackles
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Harvey, the Cardiopulmonary Patient Simulator

GENERAL APPEARANCE:

A dyspneic woman in her late 40’s.

4

JUGULAR VENOUS PULSE

ARTERIAL PULSE

The MEAN PRESSURE is elevated,
reflecting an increased right atrial filling
pressure caused by right ventricular failure.
The WAVE FORM shows a small “a” wave
and a large systolic regurgitant “s” wave
(pathologic c-v wave) with a rapid “y”
descent. This “ventricularization” of right
atrial pressure reflected in the neck veins is
consistent
with
severe
tricuspid
regurgitation.

The BLOOD PRESSURE is low with a narrow pulse
pressure. The CAROTID and PERIPHERAL PULSES are
small (hypodynamic) with a normal contour. These findings
are due to low cardiac output from severe obstruction at
the mitral valve level.

PRECORDIAL MOVEMENTS
At the RIGHT VENTRICULAR AREA, there is a sustained systolic impulse due to right ventricular
hypertrophy from the chronic pressure load of severe pulmonary hypertension. There is a palpable early
diastolic impulse, corresponding to an S3, due to right ventricular failure and/or excess flow into the right
ventricle from significant tricuspid regurgitation.
At the PULMONARY AREA, there is a separate systolic impulse from a dilated pulmonary artery, also due
to the chronic pressure load of severe pulmonary hypertension.
There is no separate impulse at the cardiac apex, as the enlarged right ventricle displaces the left ventricle
posteriorly.

CARDIAC AUSCULTATION
At the AORTIC AREA, S1 is increased in intensity due to mitral stenosis.
At the PULMONARY AREA, S1 is increased and there is an ES and a loud P2 due to pulmonary hypertension
associated with a dilated pulmonary artery.
At the TRICUSPID AREA, there is a high frequency, grade 3, holosystolic murmur, an S3 and a low frequency,
grade 1, mid diastolic murmur that increase on inspiration, confirming their right-sided origin. The systolic murmur
is due to tricuspid regurgitation from papillary muscle dysfunction secondary to right ventricular dilatation that is, in
turn, due to severe pulmonary hypertension. The S3 and especially the short diastolic murmur are related to
enhanced flow across the tricuspid valve in diastole, confirming that the tricuspid regurgitation is severe.
At the MITRAL AREA, S1 is loud due to greater excursion of the mitral valve during closure, because the
elevated left atrial pressure has kept the leaflets wide apart. An OS is recorded approximately .05 sec. after
A2. This short A2-OS interval reflects the high filling pressure of the left atrium due to severe mitral stenosis.
The loud S1 and OS indicate that the mitral valve is pliable. There is a typical long, low frequency, grade 3,
diastolic rumble due to mitral stenosis, with presystolic accentuation. The latter is due to increased turbulence
at the time of atrial contraction and mitral valve closure. The length of the rumble reflects the severity of the
lesion, as there is a gradient across the mitral valve throughout diastole.

PULMONARY AUSCULTATION
In ALL LUNG FIELDS, there are inspiratory crackles and expiratory wheezes, reflecting chronic severe
pulmonary congestion and bronchospasm.

FINAL DIAGNOSIS:

Severe rheumatic mitral stenosis with severe pulmonary hypertension, right ventricular failure and severe tricuspid regurgitation.
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Mitral Stenosis with severe tricuspid regurgitation
JUGULAR VENOUS PULSE

ARTERIAL PULSES

MEAN PRESSURE

BLOOD PRESSURE

12 cm H2O

90/70 mm Hg

S1

RIGHT BRACHIAL

S2

S1

4

CAROTIDS

S1

WAVE FORM

DISEASE
CODE

S2

FEMORALS

S2

S1

S2

PRECORDIAL MOVEMENTS
RIGHT VENTRICLE

S1

S2

LEFT VENTRICLE (LV)

PULMONARY ARTERY

S3

S1

DISPLACED LV

S2

CARDIAC AUSCULTATION
AORTIC

PULMONARY
P
ES

S1

S2

S1

TRICUSPID

S2

MITRAL

}

.05

S3
S1

S2

A OS

S1

S1

S1

INSPIRATION

PULMONARY AUSCULTATION
UPPER RIGHT

LOWER RIGHT
ANTERIOR

LOWER RIGHT
POSTERIOR

UPPER LEFT

Inspiratory crackles & expiratory wheezes

LOWER LEFT
ANTERIOR

LOWER LEFT
POSTERIOR

Inspiratory crackles & expiratory wheezes
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Harvey, the Cardiopulmonary Patient Simulator

GENERAL APPEARANCE:

A dyspneic woman in her late 40’s.

5

JUGULAR VENOUS PULSE

ARTERIAL PULSE

The MEAN PRESSURE is elevated,
reflecting an increased right atrial filling
pressure caused by right ventricular failure.
The WAVE FORM shows a small “a” wave
and a larger systolic regurgitant “s” wave
(pathologic c-v wave) with a rapid “y”
descent. This “ventricularization” of right
atrial pressure reflected in the neck veins is
consistent with mild tricuspid regurgitation.

The BLOOD PRESSURE is low with a narrow pulse
pressure. The CAROTID and PERIPHERAL PULSES are
small (hypodynamic) with a normal contour. These findings
are due to low cardiac output from severe obstruction at
the mitral valve level.

PRECORDIAL MOVEMENTS
At the RIGHT VENTRICULAR AREA, there is a sustained systolic impulse due to right ventricular
hypertrophy from the chronic pressure load of severe pulmonary hypertension.
At the PULMONARY AREA, there is a separate systolic impulse from a dilated pulmonary artery, also due
to the chronic pressure load of severe pulmonary hypertension.
There is no separate impulse at the cardiac apex, as the enlarged right ventricle displaces the left ventricle
posteriorly.

CARDIAC AUSCULTATION
At the AORTIC AREA, S1 is increased in intensity due to mitral stenosis.
At the PULMONARY AREA, S1 is increased and there is an ES and a loud P2 due to pulmonary hypertension
associated with a dilated pulmonary artery.
At the TRICUSPID AREA, there is a high frequency, grade 2, holosystolic murmur, that increases on inspiration,
confirming its right-sided origin. The systolic murmur is due to tricuspid regurgitation from papillary muscle dysfunction
secondary to right ventricular dilatation that is, in turn, due to severe pulmonary hypertension.
At the MITRAL AREA, S1 is loud due to greater excursion of the mitral valve during closure, because the
elevated left atrial pressure has kept the leaflets wide apart. An OS is recorded approximately .05 sec. after
A2. This short A2-OS interval reflects the high filling pressure of the left atrium due to severe mitral stenosis.
The loud S1 and OS indicate that the mitral valve is pliable. There is a typical long, low frequency, grade 3,
diastolic rumble due to mitral stenosis, with presystolic accentuation. The latter is due to increased turbulence
at the time of atrial contraction and mitral valve closure. The length of the rumble reflects the severity of the
lesion, as there is a gradient across the mitral valve throughout diastole.

PULMONARY AUSCULTATION
In ALL LUNG FIELDS, there are inspiratory crackles and expiratory wheezes, reflecting chronic severe
pulmonary congestion and bronchospasm.

FINAL DIAGNOSIS:

Severe rheumatic mitral stenosis with severe pulmonary hypertension, right ventricular failure and mild tricuspid regurgitation.
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Mitral Stenosis with mild tricuspid regurgitation DISEASE
CODE
JUGULAR VENOUS PULSE

ARTERIAL PULSES

MEAN PRESSURE

BLOOD PRESSURE

12 cm H2O

90/70 mm Hg

S1

CAROTIDS

S1

WAVE FORM

RIGHT BRACHIAL

S2

S1

5

S2

FEMORALS

S2

S1

S2

PRECORDIAL MOVEMENTS
RIGHT VENTRICLE

S1

LEFT VENTRICLE (LV)

PULMONARY ARTERY

S2

S1

DISPLACED LV

S2

CARDIAC AUSCULTATION
AORTIC

PULMONARY
P
ES

S1

S2

S1

TRICUSPID

S2

MITRAL

}

.05

S1

S2

A OS

S1
S1

INSPIRATION

S1

PULMONARY AUSCULTATION
UPPER RIGHT

LOWER RIGHT
ANTERIOR

LOWER RIGHT
POSTERIOR

UPPER LEFT

Inspiratory crackles & expiratory wheezes

LOWER LEFT
ANTERIOR

LOWER LEFT
POSTERIOR

Inspiratory crackles & expiratory wheezes
III - 37

Harvey, the Cardiopulmonary Patient Simulator

GENERAL APPEARANCE:

A slender young woman.

3

JUGULAR VENOUS PULSE

ARTERIAL PULSE

The MEAN PRESSURE is elevated,
reflecting an increased right atrial filling
pressure. The WAVE FORM shows a giant
“a” wave due to increased right atrial
contraction. These changes are due to right
ventricular pressure overload with failure
associated with a thickened less compliant
right ventricle.

The BLOOD PRESSURE is normal. The CAROTID and
PERIPHERAL PULSES are also normal. Isolated mitral
stenosis or regurgitation severe enough to cause moderate
congestive failure is usually associated with a change in
pulse contour. In this case, the normal arterial pulse contour
is the result of the combination of mitral stenosis and
regurgitation.

PRECORDIAL MOVEMENTS
At the CARDIAC APEX, there is a sustained systolic impulse due to left ventricular hypertrophy from the
chronic volume load of mitral regurgitation. With pure chronic mitral regurgitation associated with significant
left ventricular dilatation, the impulse may be inferolaterally displaced. In this case, the impulse is palpated
in the normal apical area, as the associated mitral stenosis tends to limit the degree of volume overload.
At the RIGHT VENTRICULAR AREA, there is a sustained impulse that is typical of right ventricular pressure
overload associated with chronic mitral valve disease with pulmonary hypertension.

CARDIAC AUSCULTATION
At the AORTIC AREA, S1 is increased in intensity due to mitral stenosis.
At the PULMONARY AREA, S1 is also increased. S2 is normally split at .06 sec. and P2 is increased due
to pulmonary hypertension.
At the TRICUSPID AREA, S1 is distinctly louder than S2, and an OS of the mitral valve is heard, indicating
that the valve is pliable.
At the MITRAL AREA, S1 is loud due to greater excursion of the mitral valve during closure after the
elevated left atrial pressure has kept the leaflets wide apart. There is a high frequency, grade 3, holosystolic
murmur due to mitral regurgitation. An OS is recorded approximately .06 sec. after A2. This short A2-OS
interval reflects the high filling pressure of the left atrium due to moderate mitral stenosis. The OS is
followed by a long, low frequency, grade 2, diastolic murmur of mitral stenosis with presystolic accentuation.
The latter is due to increased turbulence at the time of atrial contraction and mitral closure. The length of
the diastolic murmur reflects the severity of the lesion, as there is a gradient across the mitral valve
throughout diastole.

PULMONARY AUSCULTATION
In the LOWER ANTERIOR AND POSTERIOR LUNG FIELDS, there are inspiratory crackles and expiratory
wheezes bilaterally, reflecting chronic pulmonary congestion and bronchospasm.
In all OTHER LUNG FIELDS, there are normal vesicular breath sounds.

FINAL DIAGNOSIS:

Rheumatic heart disease with moderately severe mitral
stenosis and regurgitation and pulmonary hypertension.
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DISEASE
CODE

Mitral Stenosis and Regurgitation
JUGULAR VENOUS PULSE

ARTERIAL PULSES

MEAN PRESSURE

BLOOD PRESSURE

11 cm H2O

120/80 mm Hg

CAROTIDS

S1

WAVE FORM

S1

RIGHT BRACHIAL

S2

S1

3

S2

FEMORALS

S2

S1

S2

PRECORDIAL MOVEMENTS
RIGHT VENTRICLE

S1

LEFT VENTRICLE (LV)

PULMONARY ARTERY

S1

S2

DISPLACED LV

S2

CARDIAC AUSCULTATION
AORTIC

PULMONARY

}

.06
A P

S1

S2

S1

TRICUSPID

INSPIRATION

MITRAL

}

.06

}

.06

S1

S2

OS

S1

A OS

S1

PULMONARY AUSCULTATION
UPPER RIGHT

Vesicular breath
sounds

LOWER RIGHT
ANTERIOR

LOWER RIGHT
POSTERIOR

Inspiratory crackles &
expiratory wheezes

UPPER LEFT

Vesicular breath
sounds
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LOWER LEFT
ANTERIOR

LOWER LEFT
POSTERIOR

Inspiratory crackles &
expiratory wheezes

Harvey, the Cardiopulmonary Patient Simulator

GENERAL APPEARANCE:

A mildly dyspneic 36-year-old man.

17

JUGULAR VENOUS PULSE

ARTERIAL PULSE

The MEAN PRESSURE and WAVE FORM
are normal. The “a” wave, that reflects atrial
contraction, is normally dominant and larger
than the “v” wave, that reflects atrial filling.

The BLOOD PRESSURE shows a wide pulse pressure with
an elevated systolic and low diastolic component due to an
increased stroke volume with rapid diastolic runoff. The
CAROTID IMPULSE is “bisferiens,” with a very brisk
upstroke, two distinct systolic peaks and a sharp decrease
of the pulse prior to the dicrotic notch. The first systolic
peak (percussion wave) relates to the forceful initial
contraction of the volume loaded ventricle against a reduced
resistance. The second systolic peak (tidal wave) relates
to an accentuation of reflected waves from the periphery.
The PERIPHERAL PULSES are bounding with a large
amplitude and a brisk upstroke. These findings are typical
of severe aortic regurgitation.

PRECORDIAL MOVEMENTS
At the CARDIAC APEX, the impulse is enlarged and inferolaterally displaced due to left ventricular dilatation
from chronic volume overload. It is also hyperdynamic and nonsustained, due to an increased stroke
volume associated with the increased preload, and an increased velocity of contraction due to the reduced
afterload.

CARDIAC AUSCULTATION
At the AORTIC AREA, there is a normal S1 followed by an ES caused by an abrupt upward movement of
the congenitally abnormal valve with a dilated aortic root. There is a short, medium frequency, grade 2,
early systolic crescendo-decrescendo murmur due to increased flow across the non-stenotic aortic valve
occurring during maximum ejection and related to turbulence alone. There is also a high frequency grade
2, diastolic decrescendo murmur due to aortic regurgitation. The murmur typically begins with A2, as
aortic root diastolic pressure exceeds left ventricular diastolic pressure immediately after the onset of
diastole. The murmur then diminishes as aortic root pressure falls and left ventricular pressure rises later
in diastole.
At the PULMONARY AREA, the transmitted diastolic decrescendo murmur is grade 2.
At the TRICUSPID AREA, the diastolic decrescendo murmur is typically louder and is grade 3.
At the MITRAL AREA, S1 is diminished and there is a low frequency, grade 2, mid diastolic Austin Flint
murmur. The reduced intensity of S1 and the murmur are related to premature closure of the mitral valve.
With severe aortic regurgitation, left ventricular diastolic pressure prematurely exceeds left atrial pressure
and the mitral valve leaflets begin to close in diastole. These findings are also well heard posterolateral to
the mitral area over the enlarged left ventricle.

PULMONARY AUSCULTATION
In ALL LUNG FIELDS, there are normal vesicular breath sounds.

FINAL DIAGNOSIS:

Severe congenital aortic regurgitation.
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DISEASE
CODE

Aortic Regurgitation
JUGULAR VENOUS PULSE

ARTERIAL PULSES

MEAN PRESSURE

BLOOD PRESSURE

7 cm H2O

160/35 mm Hg

CAROTIDS

S1

WAVE FORM

S1

RIGHT BRACHIAL

S2

S1

17

S2

FEMORALS

S2

S1

S2

PRECORDIAL MOVEMENTS
RIGHT VENTRICLE

LEFT VENTRICLE (LV)

PULMONARY ARTERY

DISPLACED LV

S1

S2

CARDIAC AUSCULTATION
AORTIC

PULMONARY

ES

S1

S1

S2

S1

S2

TRICUSPID

S1

S1

MITRAL

S2

S1

S1

S2

S1

PULMONARY AUSCULTATION
UPPER RIGHT

LOWER RIGHT
ANTERIOR

LOWER RIGHT
POSTERIOR

UPPER LEFT

Vesicular breath sounds

LOWER LEFT
ANTERIOR

Vesicular breath sounds
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LOWER LEFT
POSTERIOR

Harvey, the Cardiopulmonary Patient Simulator

GENERAL APPEARANCE:

An acutely ill, dyspneic 50-year-old man.

37

JUGULAR VENOUS PULSE

ARTERIAL PULSE

The MEAN PRESSURE and WAVE FORM
are normal. The “a” wave, that reflects right
atrial contraction, is normally dominant and
larger than the “v” wave, that reflects passive
right atrial filling.

The BLOOD PRESSURE shows a wide pulse pressure with
a normal systolic level and a low diastolic component. The
CAROTID and PERIPHERAL PULSES are bounding
(hyperdynamic) with a large amplitude and brisk upstroke
that rises to a single systolic peak. These changes reflect
an increased stroke volume with rapid diastolic runoff.

PRECORDIAL MOVEMENTS
At the CARDIAC APEX, the nondisplaced impulse is hyperdynamic and nonsustained, due to an increased
stroke volume associated with the increased preload, and an increased velocity of contraction due to the
reduced afterload. The normal location and size of the impulse suggest these changes are acute.

CARDIAC AUSCULTATION
At the AORTIC AREA, S1 is absent and S2 is normal. There is a short, medium frequency, grade 3, early
systolic, crescendo-decrescendo murmur due to increased flow across the nonstenotic aortic valve during
maximum ejection and related to turbulence alone. There is also a medium frequency, grade 3, early
diastolic decrescendo murmur due to aortic regurgitation (AR).
At the PULMONARY AREA, S1 is absent and P2 is loud due to moderate pulmonary hypertension. The
transmitted systolic and diastolic murmurs are grade 2.
At the TRICUSPID AREA, T1 is normal. The grade 2 systolic and grade 3 diastolic murmurs are transmitted
from the aortic area. The medium frequency and brevity of the diastolic murmur reflect an acute lesion,
wherein the left ventricle has not had time to accommodate to the severe AR. The frequency is due to the
low early diastolic pressure difference between the aortic root and left ventricle, and the brief duration
reflects rapid equilibration of pressure between the two chambers by mid diastole.
At the MITRAL AREA, S1 is absent, reflecting the AR induced increase in left ventricular diastolic pressure
that prematurely closes the mitral valve. The grade 1 transmitted systolic murmur follows. There is also
a low frequency, grade 2, early-to-mid diastolic murmur due to the increase in left ventricular pressure that
causes partial closure of the mitral valve in diastole.

PULMONARY AUSCULTATION
In the LOWER LUNG FIELDS, there are inspiratory and expiratory crackles bilaterally, reflecting pulmonary
congestion.
In all OTHER LUNG FIELDS, there are normal vesicular breath sounds.

FINAL DIAGNOSIS:

Acute aortic regurgitation due to traumatic dissecting hematoma.
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DISEASE
CODE

Acute Aortic Regurgitation
JUGULAR VENOUS PULSE

ARTERIAL PULSES

MEAN PRESSURE

BLOOD PRESSURE

6 cm H2O

130/50 mm Hg

CAROTIDS

S1

WAVE FORM

S1

RIGHT BRACHIAL

S2

S1

37

S2

FEMORALS

S2

S1

S2

PRECORDIAL MOVEMENTS
RIGHT VENTRICLE

LEFT VENTRICLE (LV)

PULMONARY ARTERY

S1

DISPLACED LV

S2

CARDIAC AUSCULTATION
AORTIC

PULMONARY
P

S2

S2

TRICUSPID

T

MITRAL

S2

S2

PULMONARY AUSCULTATION
UPPER RIGHT

Vesicular breath
sounds

LOWER RIGHT
ANTERIOR

LOWER RIGHT
POSTERIOR

Inspiratory &
expiratory crackles

UPPER LEFT

Vesicular breath
sounds
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LOWER LEFT
ANTERIOR

LOWER LEFT
POSTERIOR

Inspiratory &
expiratory crackles

Harvey, the Cardiopulmonary Patient Simulator

GENERAL APPEARANCE:

13

A normal young man.

JUGULAR VENOUS PULSE

ARTERIAL PULSE

The MEAN PRESSURE and WAVE FORM
are normal. The “a” wave, that reflects atrial
contraction, is normally dominant and larger
than the “v” wave, that reflects atrial filling.

The BLOOD PRESSURE is reduced with a narrow pulse
pressure due to obstruction at the aortic valve level. The
CAROTID IMPULSE is anacrotic, with a shoulder or halt
on the upstroke, and a late peak, consistent with significant
aortic valvular stenosis. The PERIPHERAL PULSES are
hypokinetic, also reflecting severe obstruction at the level
of the aortic valve.

PRECORDIAL MOVEMENTS
At the CARDIAC APEX, there is a palpable presystolic impulse, corresponding to an S4, due to enhanced
atrial contraction against a thickened, poorly compliant left ventricle. This is followed by a nondisplaced,
sustained systolic impulse reflecting the pressure loaded, hypertrophied left ventricle.

CARDIAC AUSCULTATION
At the AORTIC AREA, there is a normal S1 followed by an ES caused by an abrupt upward doming
movement of the congenitally bicuspid aortic valve. This sound identifies the level of obstruction at the
valve and indicates that it is mobile. There is a medium frequency, grade 3, systolic murmur that typically
begins as the aortic valve opens, occurs during ventricular ejection, is crescendo-decrescendo and stops
before A2. It is long and late peaking, due to the severe gradient that exists throughout systole. The
clearly heard A2 reflects valve mobility.
At the PULMONARY AREA, there is a grade 2, systolic murmur transmitted from the aortic area.
At the TRICUSPID AREA, the transmitted grade 2, systolic murmur is also heard.
At the MITRAL AREA, there is a prominent S4 due to atrial contraction against a thickened poorly compliant
left ventricle. In a young patient such as this, the presence of an S4 indicates that the degree of aortic
valvular obstruction is severe. The ES is typically prominent at the apex. The transmitted grade 1, systolic
murmur may have a slightly higher frequency in this area and may be erroneously interpreted as due to
associated mitral regurgitation.

CAROTID AUSCULTATION
The AORTIC AREA murmur radiates into the carotid vessels bilaterally, more prominently on the right.

PULMONARY AUSCULTATION
In ALL LUNG FIELDS, there are normal vesicular breath sounds.

FINAL DIAGNOSIS:

Isolated severe aortic stenosis due to a congenitally bicuspid
aortic valve.
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DISEASE
CODE

Aortic Stenosis
JUGULAR VENOUS PULSE

ARTERIAL PULSES

MEAN PRESSURE

BLOOD PRESSURE

3 cm H2O

100/80 mm Hg

CAROTIDS

S1

WAVE FORM

S1

RIGHT BRACHIAL

S2

S1

13

S2

FEMORALS

S2

S1

S2

PRECORDIAL MOVEMENTS
RIGHT VENTRICLE

LEFT VENTRICLE (LV)

PULMONARY ARTERY

DISPLACED LV

S4

S1

S2

CARDIAC AUSCULTATION
AORTIC

PULMONARY

A

ES

S1

S2

S1

S2

TRICUSPID

MITRAL
ES

S4
S2

S1

S1

S2

CAROTID AUSCULTATION
UPPER RIGHT

LOWER RIGHT

UPPER LEFT

LOWER LEFT

Radiation from aortic area

PULMONARY AUSCULTATION
UPPER RIGHT

LOWER RIGHT
ANTERIOR

LOWER RIGHT
POSTERIOR

UPPER LEFT

Vesicular breath sounds

LOWER LEFT
ANTERIOR

Vesicular breath sounds
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LOWER LEFT
POSTERIOR

Harvey, the Cardiopulmonary Patient Simulator

GENERAL APPEARANCE:

1

A normal young man.

JUGULAR VENOUS PULSE

ARTERIAL PULSE

The MEAN PRESSURE and WAVE FORM
are normal. The “a” wave, that reflects atrial
contraction, is normally dominant and larger
than the “v” wave, that reflects atrial filling.

The BLOOD PRESSURE is normal. The CAROTID
IMPULSE is bifid, with a brisk upstroke, two distinct systolic
peaks and a sharp decrease prior to the dicrotic notch. This
finding is consistent with subvalvular muscular obstruction
and reflects the dynamic nature of the obstruction that
develops in systole. The PERIPHERAL PULSES are
hyperdynamic with a brisk upstroke, reflecting the initial
vigorous contraction of the left ventricle.

PRECORDIAL MOVEMENTS
At the CARDIAC APEX, there is a presystolic impulse corresponding to an S4, and two systolic impulses.
The presystolic impulse reflects left atrial contraction into a poorly compliant left ventricle, and the two
systolic impulses reflect the development of systolic obstruction to outflow. These movements are virtually
diagnostic of subvalvular muscular obstruction.

CARDIAC AUSCULTATION
At the AORTIC AREA, there is a medium frequency, grade 2, mid systolic crescendo-decrescendo murmur
that radiates from the tricuspid area.
At the PULMONARY AREA, the same grade 2, systolic murmur is heard and there is paradoxic (expiratory)
splitting of S2 of .06 sec. due to prolonged left ventricular ejection caused by left ventricular
outflow obstruction.
At the TRICUSPID AREA, the systolic murmur is grade 3. Its configuration is consistent with outflow
obstruction and its position suggests that the obstruction is below the valve.
At the MITRAL AREA, there is a more holosystolic, somewhat decrescendo and high frequency grade 3
murmur due to mitral regurgitation from the frequently associated mitral apparatus dysfunction. S3 and S4
filling sounds are prominent, reflecting the rapid deceleration of blood during filling due to poor left ventricular
compliance. No ejection sound or diastolic murmur are heard as they might be with valvular aortic stenosis.

PULMONARY AUSCULTATION
In ALL LUNG FIELDS, there are normal vesicular breath sounds.

FINAL DIAGNOSIS:

Hypertrophic obstructive cardiomyopathy with mitral regurgitation.
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DISEASE
CODE

Hypertrophic Obstructive Cardiomyopathy
JUGULAR VENOUS PULSE

ARTERIAL PULSES

MEAN PRESSURE

BLOOD PRESSURE

5 cm H2O

120/80 mm Hg

CAROTIDS

S1

WAVE FORM

S1

RIGHT BRACHIAL

S2

S1

1

S2

FEMORALS

S2

S1

S2

PRECORDIAL MOVEMENTS
RIGHT VENTRICLE

LEFT VENTRICLE (LV)

PULMONARY ARTERY

S4

S1

DISPLACED LV

S2

CARDIAC AUSCULTATION
AORTIC

PULMONARY

}

.06

P A

S1

S2

S1

EXPIRATION

TRICUSPID

MITRAL

S3

S4
S1

S1

S2

S2

PULMONARY AUSCULTATION
UPPER RIGHT

LOWER RIGHT
ANTERIOR

LOWER RIGHT
POSTERIOR

UPPER LEFT

Vesicular breath sounds

LOWER LEFT
ANTERIOR

Vesicular breath sounds
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LOWER LEFT
POSTERIOR

Harvey, the Cardiopulmonary Patient Simulator

GENERAL APPEARANCE:

A 45-year-old dyspneic man with peripheral edema.

42

JUGULAR VENOUS PULSE

ARTERIAL PULSE

The MEAN PRESSURE is elevated,
reflecting an increased right atrial filling
pressure. The WAVE FORM shows a giant
“a” wave due to increased right atrial
contraction. These changes are due to a
reduction in right ventricular compliance
associated with a poorly contractile right
ventricle.

The BLOOD PRESSURE shows a narrow pulse pressure.
The CAROTID and PERIPHERAL PULSES are small
(hypodynamic). These findings are due to a low cardiac
output from a poorly contractile left ventricle.

PRECORDIAL MOVEMENTS
At the CARDIAC APEX, the impulse is inferolaterally displaced due to left ventricular enlargement. There
is a palpable presystolic impulse, corresponding to an S4, due to atrial contraction into a poorly compliant
left ventricle. This is followed by an enlarged, sustained systolic impulse reflecting left ventricular dilatation
and dysfunction. There is also a palpable early diastolic impulse, corresponding to an S3, due to left
ventricular failure.
At the RIGHT VENTRICULAR AREA, these same abnormal palpable events are present, and reflect
equally severe right-sided ventricular enlargement and dysfunction.

CARDIAC AUSCULTATION
At the AORTIC AREA, S1 and S2 are normal.
At the PULMONARY AREA, there is normal inspiratory splitting of S2 of .06 sec., and an increased intensity
of P2, reflecting increased pulmonary artery pressure.
At the TRICUSPID AREA, S4 and S3 sounds are heard and increase in intensity with inspiration. This
indicates there right ventricular origin, since the drop in intrathoracic pressure that occurs during inspiration
enhances right ventricular filling and augments these sounds. The S4 and S3 reflect active and passive
filling, and are caused by the tensing and vibration of the tricuspid apparatus and associated structures, due
to the rapid deceleration of blood as it enters the poorly compliant right ventricle.
At the MITRAL AREA, similar abnormal filling sounds, that do not vary with respiration are heard, due to
equally severe left ventricular dysfunction. There is also a high frequency, grade 2, holosystolic murmur due
to mitral regurgitation secondary to mitral valve apparatus dysfunction associated with a dilated and poorly
contractile left ventricle. These findings are also well heard posterolateral to the mitral area over the enlarged
left ventricle.

PULMONARY AUSCULTATION
In the LOWER RIGHT POSTERIOR LUNG FIELD, breath sounds are absent, reflecting a pulmonary effusion
associated with chronic congestive failure.
In the LOWER LEFT POSTERIOR LUNG FIELD, inspiratory crackles are heard, reflecting chronic pulmonary
congestion.
In ALL OTHER LUNG FIELDS, there are normal vesicular breath sounds.

FINAL DIAGNOSIS:

Severe idiopathic biventricular congestive cardiomyopathy.
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DISEASE
CODE

Cardiomyopathy
JUGULAR VENOUS PULSE

ARTERIAL PULSES

MEAN PRESSURE

BLOOD PRESSURE

12 cm H2O

110/90 mm Hg

S1

CAROTIDS

S1

WAVE FORM

RIGHT BRACHIAL

S2

S1

42

S2

FEMORALS

S2

S1

S2

PRECORDIAL MOVEMENTS
RIGHT VENTRICLE

S4

LEFT VENTRICLE (LV)

PULMONARY ARTERY

DISPLACED LV

S4

S3

S1

S1

S2

S3

S2

CARDIAC AUSCULTATION
AORTIC

PULMONARY

}

.06

A P

S1

S2

S1

TRICUSPID

S4

MITRAL

S3

S4

S3
S1

INSPIRATION

S2

S1

INSPIRATION

S2

PULMONARY AUSCULTATION
UPPER RIGHT

LOWER RIGHT
ANTERIOR

Vesicular breath sounds

LOWER RIGHT
POSTERIOR

UPPER LEFT

Absent breath
sounds
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LOWER LEFT
ANTERIOR

Vesicular breath sounds

LOWER LEFT
POSTERIOR

Inspiratory
crackles

Harvey, the Cardiopulmonary Patient Simulator

GENERAL APPEARANCE:

A 38-year-old man leaning forward to relieve his
chest pain.

30

JUGULAR VENOUS PULSE

ARTERIAL PULSE

The MEAN PRESSURE and WAVE FORM
are normal. A small “a” wave due to right
atrial contraction precedes a prominent
systolic “x” descent due to atrial relaxation
that is interrupted by the “c” wave transmitted
from the carotid. Next, the small “v” wave
reflects passive filling of the right atrium, and
the “y” descent reflects emptying of the right
atrium after the tricuspid valve opens. The
“h” wave follows, due to continued gradual
passive filling of the right heart in mid to late
diastole. The “h” and “a” waves are subtle,
and the following “x” descent stands out as
the dominant event in this variant of normal.

The BLOOD PRESSURE is normal. The CAROTID and
PERIPHERAL PULSES are normal in upstroke, peak, and
downstroke.

PRECORDIAL MOVEMENTS
At the CARDIAC APEX, there is a normal brief left ventricular impulse that immediately follows S1.

CARDIAC AUSCULTATION
At the AORTIC AREA, S1 and S2 are normal.
At the PULMONARY AREA, there is normal inspiratory splitting of S2 due to asynchronous aortic and
pulmonic closure of .04 seconds. There are also “scratchy” presystolic, systolic and early diastolic rubs
that are triphasic in cadence and increase on expiration.
At the TRICUSPID AREA, S1 and S2 are normal. The systolic and both diastolic rubs are louder than in
the pulmonary area. They maintain their triphasic cadence and continue to show expiratory augmentation.
This three component pericardial friction rub may reflect apposition of the pericardial surfaces during atrial
systole, ventricular systole and early ventricular diastolic filling. The expiratory augmentation reflects
respiration-related variation in the juxtaposition of the pericardial surfaces. Pericardial friction rubs may
increase, decrease or remain unchanged with breathing.
At the MITRAL AREA, S1 and S2 are normal. The friction rub is isolated to systole and continues to show
expiratory augmentation. The fact that only the louder systolic component of the rub is heard here illustrates
the difficulty in differentiating such an isolated systolic rub from a scratchy systolic murmur.

PULMONARY AUSCULTATION
In the LEFT LOWER LUNG FIELDS, there is a pleural rub (timed with inspiration), reflecting pleural involvement
in the pericardial inflammatory process.
In all OTHER LUNG FIELDS, there are normal vesicular breath sounds.

FINAL DIAGNOSIS:

Acute viral pericarditis.
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DISEASE
CODE

Acute Pericarditis
JUGULAR VENOUS PULSE

ARTERIAL PULSES

MEAN PRESSURE

BLOOD PRESSURE

5 cm H2O

130/85 mm Hg

CAROTIDS

S1

WAVE FORM

a

c

h

30

RIGHT BRACHIAL

S2

FEMORALS

a

v

x

y

S1

S2

S1

S2

S1

S2

PRECORDIAL MOVEMENTS
RIGHT VENTRICLE

LEFT VENTRICLE (LV)

PULMONARY ARTERY

S1

DISPLACED LV

S2

CARDIAC AUSCULTATION
AORTIC

PULMONARY

}

.04
AP

S1

S1

S2

EXPIRATION

TRICUSPID

MITRAL

S1

S2

S1

EXPIRATION

S2
EXPIRATION

PULMONARY AUSCULTATION
UPPER RIGHT

LOWER RIGHT
ANTERIOR

Vesicular breath sounds

LOWER RIGHT
POSTERIOR

UPPER LEFT

Vesicular
breath sounds
III - 51

LOWER LEFT
ANTERIOR

LOWER LEFT
POSTERIOR

Pleural rub

Harvey, the Cardiopulmonary Patient Simulator

GENERAL APPEARANCE:

A slightly dyspneic 34-year-old woman.

11

JUGULAR VENOUS PULSE

ARTERIAL PULSE

The MEAN PRESSURE is elevated,
reflecting an increased right atrial filling
pressure. The WAVE FORM shows a giant
“a” wave due to increased right atrial
contraction. These changes are due to right
ventricular pressure overload with failure
associated with a thickened, less compliant
right ventricle.

The BLOOD PRESSURE shows a narrow pulse pressure.
The CAROTID and PERIPHERAL PULSES are small
(hypodynamic) with a normal contour. These findings are
due to a low cardiac output from severe obstruction at the
level of the pulmonary circulation.

PRECORDIAL MOVEMENTS
At the RIGHT VENTRICULAR AREA, there is a palpable presystolic impulse, corresponding to an S4, due
to enhanced right atrial contraction against a thickened, poorly compliant right ventricle. This is followed
by a sustained systolic impulse due to right ventricular hypertrophy from the chronic pressure load of
severe pulmonary hypertension.
At the PULMONARY AREA, there is a separate systolic impulse from a dilated pulmonary artery, also due
to the chronic pressure load of severe pulmonary hypertension.
There is no separate impulse at the cardiac apex, as the enlarged right ventricle displaces the left ventricle
posteriorly.

CARDIAC AUSCULTATION
At the AORTIC AREA, there is a normal S1 and a prominent S2 due to an increase in P2 from pulmonary
hypertension.
At the PULMONARY AREA, there is an ES and loud P2 due to pulmonary hypertension associated with a
dilated pulmonary artery. The ES, which selectively diminishes with inspiration, is relatively late occurring,
reflecting the slow rate of right ventricular contraction against a high pulmonary resistance. There is an early,
medium frequency, grade 1, crescendo-decrescendo systolic murmur due to turbulence in the dilated pulmonary
artery during maximum flow, and an early, high frequency, grade 3, diastolic decrescendo murmur (Graham
Steell) of pulmonary regurgitation associated with severe pulmonary hypertension. Both murmurs increase
during inspiration, as right-sided filling is augmented by the drop in intrathoracic pressure. Because of the high
pulmonary artery pressure, the Graham Steell murmur is similar to that of aortic regurgitation, in contrast to the
murmur of congenital pulmonary regurgitation, that is low pitched and mid diastolic.
At the TRICUSPID AREA, P2 is increased. The transmitted grade 3 murmur of pulmonary regurgitation is best
heard here and increases with inspiration. No S4 is heard due to its very low frequency, although it was palpable.
At the MITRAL AREA, S1 and S2 are normal. No murmurs or extra sounds are heard.

PULMONARY AUSCULTATION
In ALL LUNG FIELDS, there are normal vesicular breath sounds.

FINAL DIAGNOSIS:

Severe primary pulmonary hypertension.
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DISEASE
CODE

Primary Pulmonary Hypertension
JUGULAR VENOUS PULSE

ARTERIAL PULSES

MEAN PRESSURE

BLOOD PRESSURE

12 cm H2O

90/70 mm Hg

CAROTIDS

S1

WAVE FORM

S1

RIGHT BRACHIAL

S2

S1

11

S2

FEMORALS

S2

S1

S2

PRECORDIAL MOVEMENTS
RIGHT VENTRICLE

S4

S1

LEFT VENTRICLE (LV)

PULMONARY ARTERY

S1

S2

DISPLACED LV

S2

CARDIAC AUSCULTATION
AORTIC

PULMONARY
P
ES

S1

S1

S2

S2

S1

INSPIRATION

TRICUSPID

MITRAL

P

S1

S2

S1

INSPIRATION

S1

S2

PULMONARY AUSCULTATION
UPPER RIGHT

LOWER RIGHT
ANTERIOR

LOWER RIGHT
POSTERIOR

UPPER LEFT

Vesicular breath sounds

LOWER LEFT
ANTERIOR

Vesicular breath sounds
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LOWER LEFT
POSTERIOR

Harvey, the Cardiopulmonary Patient Simulator

GENERAL APPEARANCE:

A normal 39-year-old woman.

23

JUGULAR VENOUS PULSE

ARTERIAL PULSE

The MEAN PRESSURE is normal. The
WAVE FORM reveals that the height of the
“v” wave is slightly greater than the height
of the “a” wave. This finding is consistent
with an atrial septal defect, where the
normally dominant left atrial “v” wave is
transmitted into the right atrium and, hence,
into the jugular veins.

The BLOOD PRESSURE is normal. The CAROTID and
PERIPHERAL PULSES are normal in upstroke, peak, and
downstroke.

PRECORDIAL MOVEMENTS
At the RIGHT VENTRICULAR AREA, there is a brisk, nonsustained, (hyperdynamic) early systolic impulse
consisted with a dilated, volume loaded right ventricle.
At the PULMONARY AREA, there is a similar brisk, nonsustained, early systolic impulse due to a dilated
and volume loaded pulmonary artery.
There is no separate impulse at the cardiac apex, as the dilated right ventricle displaces the left ventricle
posteriorly.

CARDIAC AUSCULTATION
At the AORTIC AREA, S1 and S2 are normal.
At the PULMONARY AREA, S2 is widely split at .07 sec., and does not move with respiration. Wide splitting
is due to increased right ventricular stroke volume and/or the increased pulmonary vascular compliance that
results in an inertial delay of P2 (“hangout”). Fixed splitting is likely due to reciprocal changes in shunt
volume that occur as respiration varies the systemic venous return. There is a medium frequency, grade 2,
early systolic crescendo-decrescendo murmur that is related to the turbulence of an increased volume of
blood flow across the pulmonary outflow tract. The early systolic timing of the murmur relates to the fact that
the majority of blood is ejected from the right ventricle in early systole. No audible murmur is generated at
the site of an atrial septal defect as blood flows through it, because it is a low pressure system.
At the TRICUSPID AREA, there is a low frequency, grade 2, mid diastolic murmur that is due to increased
flow across a normal tricuspid valve, as shunted blood recirculates from the left to right atrium and into the
right ventricle. This finding indicates that the size of the atrial level shunt is significant (greater than 2:1
pulmonary to systemic flow ratio).
At the MITRAL AREA, S1 and S2 are normal. No murmurs or extra sounds are present.

PULMONARY AUSCULTATION
In ALL LUNG FIELDS, there are normal vesicular breath sounds.

FINAL DIAGNOSIS:

Large ostium secundum atrial septal defect.
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DISEASE
CODE

Atrial Septal Defect
JUGULAR VENOUS PULSE

ARTERIAL PULSES

MEAN PRESSURE

BLOOD PRESSURE

6 cm H2O

120/80 mm Hg

CAROTIDS

S1

WAVE FORM

S1

RIGHT BRACHIAL

S2

S1

23

S2

FEMORALS

S2

S1

S2

PRECORDIAL MOVEMENTS
RIGHT VENTRICLE

S1

LEFT VENTRICLE (LV)

PULMONARY ARTERY

S1

S2

DISPLACED LV

S2

CARDIAC AUSCULTATION
AORTIC

PULMONARY

}

.07

A P

S1

S2

S1

FIXED

TRICUSPID

S1

MITRAL

S2

S1

S1

S2

PULMONARY AUSCULTATION
UPPER RIGHT

LOWER RIGHT
ANTERIOR

LOWER RIGHT
POSTERIOR

UPPER LEFT

Vesicular breath sounds

LOWER LEFT
ANTERIOR

Vesicular breath sounds
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LOWER LEFT
POSTERIOR

Harvey, the Cardiopulmonary Patient Simulator

GENERAL APPEARANCE:

A normal muscular teenager.

25

JUGULAR VENOUS PULSE

ARTERIAL PULSE

The MEAN PRESSURE and WAVE FORM
are normal. The “a” wave, that reflects atrial
contraction, is normally dominant and larger
than the “v” wave, that reflects atrial filling.

The BLOOD PRESSURE is normal. The CAROTID and
PERIPHERAL PULSES are normal in upstroke, peak, and
downstroke.

PRECORDIAL MOVEMENTS
At the CARDIAC APEX, there is a brief normal left ventricular impulse occurring immediately after S1.

CARDIAC AUSCULTATION
At the AORTIC AREA, S1 and S2 are normal.
At the PULMONARY AREA, there is normal inspiratory splitting of S2 due to asynchronous aortic and
pulmonic closure of .06 sec. There is a short, medium frequency, grade 1, early systolic, crescendodecrescendo murmur due primarily to normal turbulence of flow across the pulmonary outflow tract during
maximum ejection (“innocent” murmur). Radiation of the murmur from the tricuspid area also contributes.
At the TRICUSPID AREA, there is a high frequency, grade 3, holosystolic murmur due to flow across the
ventricular septal defect. The murmur has a slight decrescendo quality, as the small ventricular septal
defect tends to diminish in size during ventricular contraction.
At the MITRAL AREA, the same holosystolic murmur, grade 2, is transmitted from the tricuspid area. The
absence of an S3 and apical diastolic rumble implies that the shunt is small. A large ventricular septal
defect would result in significantly increased mitral valve flow producing an apical diastolic rumble.

PULMONARY AUSCULTATION
In ALL LUNG FIELDS, there are normal vesicular breath sounds.

FINAL DIAGNOSIS:

Small ventricular septal defect.
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DISEASE
CODE

Ventricular Septal Defect
JUGULAR VENOUS PULSE

ARTERIAL PULSES

MEAN PRESSURE

BLOOD PRESSURE

3 cm H2O

100/60 mm Hg

CAROTIDS

S1

WAVE FORM

S1

RIGHT BRACHIAL

S2

S1

25

S2

FEMORALS

S2

S1

S2

PRECORDIAL MOVEMENTS
RIGHT VENTRICLE

LEFT VENTRICLE (LV)

PULMONARY ARTERY

S1

DISPLACED LV

S2

CARDIAC AUSCULTATION
AORTIC

PULMONARY

}

.06
A P

S1

S2

S1

INSPIRATION

TRICUSPID

S1

MITRAL

S2

S1

S2

PULMONARY AUSCULTATION
UPPER RIGHT

LOWER RIGHT
ANTERIOR

LOWER RIGHT
POSTERIOR

UPPER LEFT

Vesicular breath sounds

LOWER LEFT
ANTERIOR

Vesicular breath sounds
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LOWER LEFT
POSTERIOR

Harvey, the Cardiopulmonary Patient Simulator

GENERAL APPEARANCE:

A normal adult woman with no evidence of cyanosis.

28

JUGULAR VENOUS PULSE

ARTERIAL PULSE

The MEAN PRESSURE and WAVE FORM
are normal. The “a” wave, that reflects atrial
contraction, is normally dominant and larger
than the “v” wave, that reflects atrial filling.

The BLOOD PRESSURE shows a wide pulse pressure with
an elevated systolic and low diastolic component. The
CAROTID and PERIPHERAL PULSES are bounding
(hyperdynamic) with a large amplitude and a brisk upstroke.
These changes reflect an increased stroke volume with
rapid diastolic runoff.

PRECORDIAL MOVEMENTS
At the CARDIAC APEX, the impulse is enlarged and inferolaterally displaced due to left ventricular dilatation
from chronic volume overload. It is also hyperdynamic and nonsustained, due to an increased stroke
volume associated with the increased preload, and an increased velocity of contraction due to the
reduced afterload.

CARDIAC AUSCULTATION
At the AORTIC AREA, S1 and S2 are normal.
At the PULMONARY AREA, there is a classic, high frequency, grade 3, continuous murmur that peaks at
the time of S2. The location and contour of the murmur are consistent with patent ductus arteriosus, with
a pressure gradient between the aorta and pulmonary artery throughout systole and diastole. Continuous
murmurs, by definition, continue through S2 and not necessarily throughout the entire cardiac cycle as in
this case.
At the TRICUSPID AREA, S1 and S2 are normal.
At the MITRAL AREA, an S3 is followed by a short, low frequency, grade 2, mid diastolic murmur. The S3
and murmur are related to increased flow across the mitral valve, as shunted blood recirculates from the
aorta to the lungs and then to the left heart. These findings indicate the size of the ductal shunt is significant
(greater than 2:1 pulmonary to systemic flow ratio). The S3 may also reflect some alteration in left
ventricular compliance. These findings are also well heard posterolateral to the mitral area over the enlarged
left ventricle.

PULMONARY AUSCULTATION
In ALL LUNG FIELDS, there are normal vesicular breath sounds.

FINAL DIAGNOSIS:

Large patent ductus arteriosus.
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DISEASE
CODE

Patent Ductus Arteriosus
JUGULAR VENOUS PULSE

ARTERIAL PULSES

MEAN PRESSURE

BLOOD PRESSURE

7 cm H2O

150/50 mm Hg

CAROTIDS

S1

WAVE FORM

S1

RIGHT BRACHIAL

S2

S1

28

S2

FEMORALS

S2

S1

S2

PRECORDIAL MOVEMENTS
RIGHT VENTRICLE

LEFT VENTRICLE (LV)

PULMONARY ARTERY

DISPLACED LV

S1

S2

CARDIAC AUSCULTATION
AORTIC

S1

PULMONARY

S2

S1

S2

TRICUSPID

S1

MITRAL

S3
S1

S2

S1

S2

S1

PULMONARY AUSCULTATION
UPPER RIGHT

LOWER RIGHT
ANTERIOR

LOWER RIGHT
POSTERIOR

UPPER LEFT

Vesicular breath sounds

LOWER LEFT
ANTERIOR

Vesicular breath sounds
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LOWER LEFT
POSTERIOR

Harvey, the Cardiopulmonary Patient Simulator

GENERAL APPEARANCE:

A normal 20-year-old man.

20

JUGULAR VENOUS PULSE

ARTERIAL PULSE

The MEAN PRESSURE is elevated,
reflecting an increased right atrial filling
pressure. The WAVE FORM shows a giant
“a” wave due to increased right atrial
contraction. These changes are due to right
ventricular pressure overload with failure
associated with a thickened less compliant
right ventricle.

The BLOOD PRESSURE is normal. The CAROTID and
PERIPHERAL PULSES are normal in upstroke, peak, and
downstroke.

PRECORDIAL MOVEMENTS
At the RIGHT VENTRICULAR AREA, there is a sustained systolic impulse due to right ventricular hypertrophy
from the chronic pressure load of severe pulmonary valvular stenosis.
There is no separate impulse at the cardiac apex, as the enlarged right ventricle displaces the left
ventricle posteriorly.

CARDIAC AUSCULTATION
At the AORTIC AREA, there is a normal S1 and S2 and a medium frequency, grade 2, late peaking,
systolic crescendo-decrescendo murmur transmitted from the pulmonary area.
At the PULMONARY AREA, S1 is followed by an ES that increases with expiration and decreases with
inspiration, identifying the obstruction at the pulmonary valve level. The ES decreases with inspiration
because inspiration augments filling of the nondistensible right ventricle and, in combination with a low
pulmonary artery pressure, causes the valve to dome, so that with the onset of right ventricular systole,
the valve is already in a systolic configuration and the sound associated with the doming is reduced. P2 is
inaudible due to the very low pulmonary artery pressure distal to the stenotic valve. If P2 were audible, it
would be markedly delayed due to prolonged right ventricular ejection and inertial delay (“hangout”). There
is also a medium frequency, grade 3, systolic crescendo-decrescendo murmur of pulmonic stenosis. It is
long and late peaking due to the severe gradient that exists throughout systole.
At the TRICUSPID AREA, the transmitted systolic murmur, grade 2, is also heard.
At the MITRAL AREA, the transmitted systolic murmur is grade 1.

PULMONARY AUSCULTATION
In ALL LUNG FIELDS, there are normal vesicular breath sounds.

FINAL DIAGNOSIS:

Severe congenital valvular pulmonic stenosis.
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DISEASE
CODE

Pulmonary Stenosis
JUGULAR VENOUS PULSE

ARTERIAL PULSES

MEAN PRESSURE

BLOOD PRESSURE

10 cm H2O

110/80 mm Hg

CAROTIDS

S1

WAVE FORM

S1

RIGHT BRACHIAL

S2

S1

20

S2

FEMORALS

S2

S1

S2

PRECORDIAL MOVEMENTS
RIGHT VENTRICLE

S1

LEFT VENTRICLE (LV)

PULMONARY ARTERY

DISPLACED LV

S2

CARDIAC AUSCULTATION
AORTIC

PULMONARY
ES

S1

S2

S1

S2
EXPIRATION

TRICUSPID

S1

MITRAL

S2

S1

S2

PULMONARY AUSCULTATION
UPPER RIGHT

LOWER RIGHT
ANTERIOR

LOWER RIGHT
POSTERIOR

UPPER LEFT

Vesicular breath sounds

LOWER LEFT
ANTERIOR

Vesicular breath sounds
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LOWER LEFT
POSTERIOR

Harvey, the Cardiopulmonary Patient Simulator

GENERAL APPEARANCE:

33

A normal young man.

JUGULAR VENOUS PULSE

ARTERIAL PULSE

The MEAN PRESSURE and WAVE FORM
are normal. The “a” wave, that reflects atrial
contraction, is normally dominant and larger
than the “v” wave, that reflects atrial filling.

The systolic and diastolic BLOOD PRESSURE are elevated
due to arterial hypertension associated with coarctation of
the aorta. The CAROTID and UPPER EXTREMITY
PULSES have a brisk upstroke associated with an increase
in left ventricular stroke volume due to mild aortic
regurgitation from an associated bicuspid aortic valve. The
FEMORAL PULSES are diminished and delayed, placing
the obstruction beyond the left subclavian artery.

PRECORDIAL MOVEMENTS
At the CARDIAC APEX, there is a nondisplaced, sustained systolic impulse, consistent with left ventricular
hypertrophy due to the chronic pressure load associated with the coarctation.

CARDIAC AUSCULTATION
At the AORTIC AREA, there is a normal S1 followed by an ES caused by an abrupt upward doming movement
of the associated congenitally bicuspid valve, as well as some dilatation of the aortic root. There is a short,
medium frequency, grade 2, early systolic, crescendo-decrescendo murmur occurring during maximum ejection,
due to the turbulence of blood flow across the bicuspid valve into a slightly dilated aortic root, in the absence of
significant obstruction. A2 is increased due to the augmented aortic root pressure. There is also a high
frequency, grade 2, early diastolic decrescendo murmur at the aortic area due to mild aortic regurgitation.
At the PULMONARY AREA, there is a normal S1 and S2 and a medium frequency, grade 1, mid systolic,
crescendo-decrescendo murmur transmitted primarily from the tricuspid area.
At the TRICUSPID AREA, there is a medium frequency, grade 3, mid systolic crescendo-decrescendo murmur
due to the coarctation per se. The murmur of coarctation is often best heard over the posterior thorax and may
help to localize the area of obstruction. The length of the murmur is directly related to the degree of
the obstruction.
At the MITRAL AREA, S1 and S2 are normal, the ejection sound is well heard, and there is a medium frequency,
grade 1, mid systolic, crescendo-decrescendo murmur transmitted primarily from the tricuspid area.

PULMONARY AUSCULTATION
In ALL LUNG FIELDS, there are normal vesicular breath sounds.

FINAL DIAGNOSIS:

Coarctation of the aorta with a bicuspid aortic valve with mild
aortic regurgitation.
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DISEASE
CODE

Coarctation of the Aorta
JUGULAR VENOUS PULSE

ARTERIAL PULSES

MEAN PRESSURE

BLOOD PRESSURE

4 cm H2O

170/100 mm Hg

CAROTIDS

S1

WAVE FORM

S1

RIGHT BRACHIAL

S1

S2

33

S2

FEMORALS

S2

S1

S2

PRECORDIAL MOVEMENTS
RIGHT VENTRICLE

LEFT VENTRICLE (LV)

PULMONARY ARTERY

S1

DISPLACED LV

S2

CARDIAC AUSCULTATION
AORTIC

PULMONARY

ES

S1

S2

S1

S1

S2

TRICUSPID

S1

MITRAL

ES

S1

S2

S1

S1

S2

S1

PULMONARY AUSCULTATION
UPPER RIGHT

LOWER RIGHT
ANTERIOR

LOWER RIGHT
POSTERIOR

UPPER LEFT

Vesicular breath sounds

LOWER LEFT
ANTERIOR

Vesicular breath sounds
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LOWER LEFT
POSTERIOR

Harvey, the Cardiopulmonary Patient Simulator

GENERAL APPEARANCE:

A normally developed 15-year-old male with generalized
cyanosis and clubbing of his fingers and toes.

27

JUGULAR VENOUS PULSE

ARTERIAL PULSE

The MEAN PRESSURE and WAVE FORM
are normal. The “a” wave, that reflects right
atrial contraction, is normally dominant and
larger than the “v” wave, that reflects passive
right atrial filling.

The BLOOD PRESSURE is normal. The CAROTID and
PERIPHERAL PULSES are normal in upstroke, peak, and
downstroke.

PRECORDIAL MOVEMENTS
At the CARDIAC APEX, there is a normal brief left ventricular impulse occurring immediately after S1.
At the RIGHT VENTRICULAR AREA, a sustained systolic impulse reflects right ventricular hypertrophy.
The absence of a palpable presystolic impulse suggests that right ventricular compliance is not
significantly decreased.

CARDIAC AUSCULTATION
At the AORTIC AREA, there is a normal S1 followed .07 seconds later by an aortic ES that reflects the
increased volume of blood being ejected into the aorta from the right-to-left ventricular shunt. The ES is
followed by a medium to high frequency, grade 2, early peaking, systolic crescendo-decrescendo murmur
that extends to a single S2. The murmur is transmitted from the tricuspid area.
At the PULMONARY AREA, the transmitted systolic murmur is grade 2. S2 is single and reflects aortic
valve closure. P2 is inaudible, due to low pulmonary artery pressure.
At the TRICUSPID AREA, S1 is followed by the aortic ES. The systolic murmur, that is typically loudest
here, is grade 3 and is consistent with right ventricular infundibular obstruction.
At the MITRAL AREA, S1 is followed by the ES and then the transmitted grade 1 systolic murmur.

PULMONARY AUSCULTATION
In ALL LUNG FIELDS, there are normal vesicular breath sounds.

FINAL DIAGNOSIS:

Cyanotic congenital heart disease due to tetralogy of Fallot.
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DISEASE
CODE

Tetralogy of Fallot
JUGULAR VENOUS PULSE

ARTERIAL PULSES

MEAN PRESSURE

BLOOD PRESSURE

6 cm H2O

90/60 mm Hg

CAROTIDS

S1

WAVE FORM

S1

RIGHT BRACHIAL

S2

S1

27

S2

FEMORALS

S2

S1

S2

PRECORDIAL MOVEMENTS
RIGHT VENTRICLE

S1

LEFT VENTRICLE (LV)

PULMONARY ARTERY

S2

S1

DISPLACED LV

S2

CARDIAC AUSCULTATION
AORTIC

PULMONARY

.07

}

A

ES

S1

S2

S1

S2

TRICUSPID

MITRAL

.07

}

}

.07

ES

S1

ES

S2

S1

S2

PULMONARY AUSCULTATION
UPPER RIGHT

LOWER RIGHT
ANTERIOR

LOWER RIGHT
POSTERIOR

UPPER LEFT

Vesicular breath sounds

LOWER LEFT
ANTERIOR

Vesicular breath sounds
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LOWER LEFT
POSTERIOR

Harvey, the Cardiopulmonary Patient Simulator

Table 4 -

DLV

LV

PA

RV

FEMORALS

CAROTIDS

CARDIAC
AUSCULTATION

PRECORDIAL

BRACHIALS

ARTERIAL

BLOOD
PRESSURE

WAVE
FORM

MEAN
PRESSURE

DISEASE STATE

JUGULAR
VENOUS
CODE
NUMBER

MASTER KEY
OF ALL DISEASES

AORTIC

PULMONARY

.04

3

S1 S2

S1

S2

S1

S2

INSPIRATION

.06

AP

MT

S1

S2

.03

S2

S1 S2

S1 S2

S1

S2

S1

S2

INSPIRATION

.06

{

3

S1 S2

S1 S2

S3

Normal vesicular
breath sounds

AP

MT

S1

S3

Normal vesicular
breath sounds

S2

.03

110/70
S1 S2

S1 S2

S1

S2

S1

S1

S2

INSPIRATION

S2

.03

.04

{

3

S1 S2

S1 S2

{

49

Normal vesicular
breath sounds

120/70

S1 S2

Aortic Valve Sclerosis

S1 S2

{

22

S1 S2

S1 S2

{

4
S1

Innocent Murmur

MT

{

46

AP

120/80
S1 S2

Normal

MITRAL

AP

MT

Normal vesicular
breath sounds

165/80
S1 S2

S1 S2

S1 S2

S1 S2

S1 S2
S1

S2

S1

IN DISEASES WITH
PATHOLOGIC
FINDINGS,
UNDESCRIBED
AREAS HAVE
NORMAL SOUNDS

.03

{

44

TRICUSPID

{

Introductory Program

PULMONARY
AUSCULTATION

S2

INSPIRATION

S1

S2

{

.04

A

Hypertension

36

5

AP

Normal vesicular
breath sounds

170/110
S4

S4

S1 S2

S1 S2

S1 S2

S1 S2

S1 S2

S1

S2

S1

INSPIRATION

S1

S2

S1

S2

{

.04

AP

Angina Pectoris

39

4

150/100

S4

S1 S2
S1 S2

S1 S2

S1 S2

Normal vesicular
breath sounds

S4

S1 S2
S1

S2

S1

INSPIRATION

S2

S1

S1

S2

{

.05

Acute Inferior
Myocardial Infarction

AP

43

3
S1 S2

S1 S2

S1 S2

S1 S2

S4

S1 S2
S1

S2

S1

INSPIRATION

6

{

40

S2

S1

S1

S2

.04

{

.07

Acute Anterior
Myocardial Infarction

Normal vesicular
breath sounds

90/60

AP

AP
S3

Lower posterior bilateral
inspiratory crackles

S3

Inspiratory and
expiratory crackles

120/95
S4

S1 S2

S1

S2

S1

S2

S1

S2

S1 S2

S1

S2

S1

S1

INSPIRATION

EXPIRATION

S1

S2

S1

S2

{

.06

PA

Ventricular Aneurysm

48

7

150/90
S4

S1 S2

S1 S2

S1 S2

S1 S2

S1 S2

S1

S2

S1

EXPIRATION

S2

S1

S1

S2

{

.06

AP

Mitral Valve Prolapse

9

3
S1 S2

S1 S2

S1 S2

S1 S2

Normal vesicular
breath sounds

C

C

120/70
S1 S2
S1

S2

S1

INSPIRATION

S1

S2

S1

S2

III - 66 / 67

Harvey, the Cardiopulmonary Patient Simulator

Table 4 CARDIAC
AUSCULTATION

DLV

LV

PA

RV

PRECORDIAL

FEMORALS

BRACHIALS

CAROTIDS

ARTERIAL

BLOOD
PRESSURE

WAVE
FORM

MEAN
PRESSURE

DISEASE STATE

JUGULAR
VENOUS
CODE
NUMBER

MASTER KEY
OF ALL DISEASES

AORTIC

PULMONARY

PULMONARY
AUSCULTATION

TRICUSPID

IN DISEASES WITH
PATHOLOGIC
FINDINGS,
UNDESCRIBED
AREAS HAVE
NORMAL SOUNDS

MITRAL

{

.06

Mitral Valve Prolapse,
isolated click & murmur

AP

10

3

C

Normal vesicular
breath sounds

120/70
S1 S2

S1 S2

S1 S2

S1 S2

S1 S2

S1

S2

S1

S1

INSPIRATION

S1

S2

S2

{

.06

Mitral Regurgitation,
chronic

AP

7

7

S1 S2

S1 S2

S1 S2

S1 S2

S1

S2

S1

INSPIRATION

S1

.06

{

4

S1 S2

{

8

S3

S4

S1 S2

Mitral Regurgitation,
mild

Normal vesicular
breath sounds

130/80
.03

AP

MT

S2

S1

S1

S2

Normal vesicular
breath sounds

120/70
S1 S2

S1 S2

S1 S2

S1 S2

S1 S2

S1

S2

S1

S1

S2

INSPIRATION

S2

{

.06

Mitral Regurgitation,
acute

5

S4

S1 S2

S1 S2

S1 S2

S1 S2

S4

S3

S1 S2

S1 S2

S1

S1

S2

ES

4

12

S2

.05

S1 S2

S1 S2

S3

S1 S2

S1 S2

S1

S1

S2

S1

S2

S2

S1

INSPIRATION

P

S1 S2

S1 S2

S1 S2

S1 S2

S1 S2

S1

S2

S1

S1

S2

S2

S1

A OS
S1

{

S1 S2

S1 S2

S1 S2

S1 S2

S1 S2
S1

INSPIRATION

S1

OS
S2

S1

S2

S1

A OS

S1

S1

S2

S1

ES

7

Normal vesicular
breath sounds

160/35
S1 S2

S1 S2

S1 S2

S1 S2

S1 S2

S1

S2

S1

S1

S2

S1

S1

P

37

6

130/50
S1 S2

S1 S2

S1 S2

S1 S2

S1 S2

13

3

S2

S2
ES

Aortic Stenosis

S1

S2

{

Aortic Regurgitation,
acute

120/80
S1 S2

17

T

S2

S2

A

ES

100/80
S1 S2

Inspiratory crackles
and expiratory wheezes
Lower bilateral
inspiratory crackles
and expiratory wheezes

.06

.06

{

Aortic Regurgitation,
chronic

11

S1

INSPIRATION

AP

3

S1
.05

.06

Mitral Stenosis
and Regurgitation

Inspiratory crackles
and expiratory wheezes

A OS
S1

90/70
S1 S2

S2

{

12

S1

S3

S1 S2

ES

5

S1

INSPIRATION

S3

P

90/70
S1 S2

Mitral Stenosis w ith
mild tricuspid regurgitation

Inspiratory and
expiratory crackles

140/80

{

Mitral Stenosis w ith
severe tricuspid regurgitation

AP

6

Normal vesicular
breath sounds

S4

S1 S2

S1 S2

S1 S2

S4

S1 S2

S1

S2

S1

S2

S1

S2

S1

Lower bilateral
inspiratory and
expiratory crackles

S2
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Table 4 -

DLV

LV

PA

RV

FEMORALS

CAROTIDS

CARDIAC
AUSCULTATION

PRECORDIAL

BRACHIALS

ARTERIAL

BLOOD
PRESSURE

WAVE
FORM

MEAN
PRESSURE

DISEASE STATE

JUGULAR
VENOUS
CODE
NUMBER

MASTER KEY
OF ALL DISEASES

AORTIC

PULMONARY

PULMONARY
AUSCULTATION

TRICUSPID

IN DISEASES WITH
PATHOLOGIC
FINDINGS,
UNDESCRIBED
AREAS HAVE
NORMAL SOUNDS

MITRAL

{

.06

Hypertrophic Obstructive
Cardiomyopathy

PA

1

5

Normal vesicular
breath sounds

120/80
S4
S1

S4

S1 S2

S1 S2

S1 S2

S1 S2

S1 S2

S1

S2

S1

S1

EXPIRATION

S2

S3
S2

.06

{

Lower right posterior
absent breath sounds,
and lower left posterior
inspiratory crackles

AP

Cardiomyopathy

42

12

110/90
S4

S1

S1 S2

S2

S1 S2

S1

S2

S3

S4

S4
S1

S3

S1 S2

S1 S2

S1

S2

S1

INSPIRATION

S4

S3

S3

S2

S1

S2

S1

INSPIRATION

S2

{

.04

AP

Acute Pericarditis

30

5
S2

S1 S2

S1 S2

S1 S2

S1

S1 S2

S1

S2

S1

EXPIRATION

EXPIRATION

P

Primary Pulmonary
Hypertension

Lower left
pleural rub

130/85
S1

S2
EXPIRATION

P

ES

11

12

Normal vesicular
breath sounds

90/70
S4

S1 S2

S1 S2

S1 S2

S1 S2

S1 S2

S1

S1 S2

S2

S1

S2

S1

S1
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