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Preface

The Critical Care & Hemodynamic Monitoring Training System was a training aid for
physicians, medical students and nurses learning management of critically ill patients.
The system included a means for practicing placement of a pulmonary artery catheter
through the heart, with display of catheter and arterial waveforms, and electrocardiogram
on a simulated cardiac monitor. The catheter balloon could be inflated to obtain wedge
pressure readings.

Cases could be authored which provided a synopsis of a patient’s medical history and
studies. The student could then select various management options and observe the out-
come over time. This included updated study reports and realtime changes on the cardiac
monitor. Cost of care could also be tracked.

This was the first manikin interfaced to a computer for medical training, ushering in a
new era in medical education (Rogers et al. 2001). The use of a mouse and graphical user
interface, allowing interaction between the student, manikin and computer had not been
done before.

Volume 1 contains various manuscripts, user manual, photographs, drawings, US patent,
correspondence, presentations, feature articles and marketing brochures. Volume 2 con-
tains the final version of the software source code.

Prototype A was a breadboard-only attempt to identify the position of a pulmonary artery
catheter and inflation status of the balloon. The catheter was passed through a series of
aluminum blocks each representing an anatomical location. The blocks contained a light
emitting diode and phototransistor side-by-side, allowing for measurement of reflected
light. The amount of reflected light could be correlated with the presence of the catheter
and balloon state (inflated or deflated). Martin Rosenstein, a general surgeon, wrote a
program in assembly language code for the Apple 1l computer to process the signals. The
method however proved to be unsatisfactory.

Attention turned to producing a full sized prototype of the system, and the newly intro-
duced Apple® Macintosh® computer in 1984 was chosen as the platform (having superior
graphics compared to the IBM PC). Space was leased in the newly renovated Ford Centre
in downtown Minneapolis for the development effort.

Design of prototype B, the production unit, and software development were all done by
the author. Some components for the production unit were fabricated by local vendors
based on the engineering drawings contained here. All assembly, including populating
circuit boards was done at the Ford Centre facility.

The prototype fiberglass shell was cast from my plaster mold by Bob Johnson, a noted
artisan in resin materials. In the prototype, position of the catheter was determined by
having it turn a rubber roller, and this in-turn the shaft of an optical encoder.
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The balloon state was determined by having the catheter pass through a tube the width of
the inflated balloon, and measuring attenuation of a short sound burst down the tube (us-
ing a tiny speaker and microphone on either end of the tube).

The next effort was to design the production model. The acoustic balloon-state detection
scheme was abandoned in favor of simply diverting the air into an internal pneumatic
switch. The optical encoder quadrature output was decoded in hardware, and along with
the pneumatic switch and front panel switch position, data was sent via a serial interface
to the Macintosh computer. The state of the front panel indicators (with the exception of
the power LED), was determined in software, and sent back to the apparatus to be dis-
played.

Software was written in Pascal and cross-compiled on a Lisa computer (The Lisa Work-
shop), as this was the only software development environment at the time for a Macin-
tosh computer. Subsequently, the Macintosh Programmers Workshop (MPW), a source-
level debugger called SADE (Symbolic Application Debugging Environment) and the
“Inside Macintosh” publications became the Macintosh programming environment. The
program consisted of over 25,000 lines of code.

A Kurta® tablet interface was added to assist in authoring cases for the system allowing
incorporation of actual patient waveforms by tracing with a stylus. The authoring compo-
nent was quite sophisticated, including a medical record, an ability to select different
studies and interventions, and ultimately to see the effects in the simulation — including
catheter measurements. There was even an ability to determine the cost of the care deliv-
ered. Several built-in software “calculators” allowed for rapid assessment of hemody-
namic data. Two additional encoder inputs were included on the main circuit board for
future sensing needs, such as catheter rotation. While separate software modules were
tested to simulate x-ray display of the catheter moving through the heart, these were not
included in the final system.

Apple Computer was helpful in providing access to its “evangelist” team and Developer
Relations Group for consultation, and computers needed at various conferences and other
showings of the system. They also provided an educational discount for their products to
institutions acquiring the system.

The system received a patent (4,642,055) in 1987, and | was an invited participant in the
17" Annual Inventors Expo, sponsored by the United States Patent Office on February
12, 1989. The project was presented at the scientific session of the Mayo Medical School
Alumni Society meeting on November 4, 1989 and published in the Mayo Clinic Pro-
ceedings (Mayo Clinic Proc 65:968-978, 1990). The system was ultimately acquired by
eighteen medical institutions.
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Three of the systems were set up annually at the Johns Hopkins Hospital “Hemodynamic
Monitoring/Patient Care and Pulmonary Artery Catheterization” conference from 1991 to
1994 (chaired by Dr. James Schauble), and I was an invited lecturer each year.

Dynacath® was incorporated in Minnesota for accounting and tax purposes. Funding was
possible by commitments from the institutions that acquired the system.

The software continued to operate on all Macintosh computers using the “classic” Mac
OS software through System 7 (mid 1990s). Development was concluded when Apple
made a major change in its operating system, and an entire rewrite of the software would
have been required. Existing systems were supported for many years.

Steven S. Saliterman
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Special Article

A Computerized Simulator for Critical-Care Training:
New Technology for Medical Education®

STEVEN S. SALITERMAN, M.D., Department of Internal Medicine, Methodist Hospital,

Minneapolis, Minnesota

A patient simulator has been developed for training, certification, modeling, and
demonstrating problems in the management of critical-care patients. The Critical
Care & Hemodynamic Monitoring Training System consists of a personal computer,
software, and a replica of a human torso designed to enable students to practice
critical-care medicine. The computer displays patient histories, laboratory results,
treatment options, patient responses, and a real-time cardiac monitor. The torso
apparatus is used to practice insertion of a hemodynamic monitoring catheter; the
cardiac monitor displays catheter pressure readings as the catheter is advanced into
the heart and also pulmonary artery and wedge position. Special screen calculators
in the program may be used to determine hemodynamic, respiratory, ventilatory, and
renal function indices. In contrast to previously described simulators and computer
oriented instructional programs, this system contains no inherent data base. Instead,
authors build a library of informative cases by using the hardware and software tools
provided. Individual “modules” of patient information are authored, and these are
transparentlylinked as a student undertakes management of a patient. Although this
system is a technologic achievement, determination of its usefulness as an instruc-
tional tool or certification aid must come from broader use and controlled studies.

The demand for proficiency among critical-care
physicians and nurses has never been higher. In
recent years, this demand has been reflected in
the dramatic increase in the number of publica-
tions focused on critical-care medicine. Board
certification has also been instituted to ensure
uniformity in training and development of high-
quality residency programs and to recognize
those physicians who, through special education

*This material was presented at the scientific session of the
Mayo Medical School Alumni Society on Nov. 4, 1989.

Address reprint requests to Dr. S. S. Saliterman, Meadow-
brook Medical Building W-110, 6490 Excelsior Boulevard,
Minneapolis, MN 55426.

Mayo Clin Proc 65:968-978, 1990

and testing in critical-care medicine, have sub-
stantiated competence in the field.! Recommen-
dations for fellowship training in critical care,
published in 1987 by the Society of Critical Care
Medicine’s Task Force on Guidelines, highlight
the importance of an environment in which the
trainee has sufficient critical-care responsibili-
ties to develop both patient-care and procedural
skills.? Similar concerns for training and certi-
fication in Canada have also been published.?4
Standards for educating nurses in critical care,
developed during a 3-year period, are now being
implemented.®

In certain professions, such as aviation and
space flight, the need for simulating routine and
adverse situations has long been recognized.

968
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Although an airline pilot or an astronaut would
not be expected to assimilate all the skills nec-
essary for their jobs by actually experiencing
the many potential disasters that await them,
critical-care providers have traditionally de-
pended on actual patient contact for much of
their training.® Moreover, many providers who
have not achieved certification face the same
level of responsibility as those who have. The
complexity of treatment modalities and the so-
phisticated technologies available to providers
have strained our traditional educational pro-
grams. Although perceived as an important
adjunct to medical training, advanced simula-
tors in medical training have been introduced
slowly.”™® In the future, simulators may play a
crucial role in continuing education and the
granting of privileges for performance of certain
procedures.

Patient-management simulators have tradi-
tionally integrated various manikin components
with computer display of important physiologic
events. Some devices are impressive in their
ability to duplicate bedside evaluation!®!?® or
administration of anesthesia,'*!” providing life-
like responses for the student. After a 4-year
period of development, the system described
herein was granted a patent in 1987 from the US
Patent and Trademark Office.18

The system consists of software that operates
on a Macintosh computer (Apple Computer, Inc.,
Cupertino, California), a portable peripheral unit
including a replica of a human torso (Fig. 1), and
various controls to display a real-time cardiac
monitor on the computer (Fig. 2). Trainees can
develop manual dexterity skills in performing
cardiac catheterization and cognitive skills in
interpreting cardiac rhythms and hemodynamic
data.

The Critical Care & Hemodynamic Monitor-
ing Training System (Dynacath Corporation,
Minneapolis, Minnesota) contains no inherent
data base. Instead, authors build a library of
informative cases by using the hardware and
software tools provided. Expansion and modifi-
cation of the data base are limited only by the
amount of computer storage available. This
method promotes timeliness and quality of the

Fig. 1. Photograph of Critical Care & Hemodynamic Moni-
toring Training System. In this replica of a human torso, a
catheter may be placed by using standard insertion compo-
nents and advanced through cardiac chambers into wedge
position. System monitors insertion technique, including
improper use of the balloon, prolonged time in wedge
position, and “overwedging” of catheter. Anatomic land-
marks—such as distance to tricuspid valve—are controlled
by software.

instructional material by allowing incorpora-
tion of recent literature, tailoring of cases to
specific audiences, and customizing for regional,
social, or philosophical approaches to certain
management problems.

It is the only available system that allows
simulation of complete catheterization of the
right side of the heart, with real-time simula-
tion of cardiac rhythms and arterial and cathe-
ter pressures. Suitable medical conditions for
assessment include arrhythmias, cardiac tam-
ponade, cardiomyopathies, congenital defects,
constrictive pericarditis, fluid and electrolyte
disturbances, myocardial infarctions and com-
plications, postoperative conditions, pulmonary
disorders, shock, and valvular defects.

The system is portable and may be carried
by one person. The current cost of the system is
less than $5,000, excluding the computer.
The potential users include medical and gradu-
ate students, residents, subspecialty trainees,
hospital medical staff, nursing personnel, and
technicians.
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Fig. 2. Simulated cardiac monitor displays rhythm, cathe-
ter pressure, and arterial line pressure data. Systolic and
diastolic values (S/D) are displayed alternately on left side
of monitor, along with mean pressure. Catheter pressure
readings show real-time changes as catheter is advanced
through right atrium, right ventricle, pulmonary artery,
and wedge position. “Overwedging” may be identified by
increasing pressure values as catheter is advanced. A
“beep” may be added to make the display more realistic. The
probability of “missing” the heart—that is, crossing the
chest or going down the inferior vena cava—is controlled by
software.

MATERIAL AND METHODS
Construction.—The system consists of a simu-
lated adult torso made of rigid polyethylene,
with access ports for right-heart catheterization
from the median basilic vein in the antecubital
fossa, the subclavian vein, and the internal
jugular vein. Catheterization is possible from
the right side only. An internal guideway leads
the catheter to precision-aligned rollers that
rotate an optical encoder. The optical encoder
provides information about catheter position
and direction of motion to the computer. A three-
way adapter is connected between the catheter
and the balloon syringe for diverting air into a
durable internal balloon. A sensor determines
the status of balloon inflation, and this informa-
tion is also provided to the computer. A single
cable connects the torso apparatus to the com-
puter’s modem port, and power is provided
through an Underwriters’ Laboratories-approved
power supply.

Software.—The software is written in Macin-
tosh Programmers’ Workshop Pascal and com-
piled into machine code for distribution. Source

code modification is not possible by the system
user, although suggestions for revisions from
test sites have been regularly incorporated into
the software.

Two levels of operation are available: a case
input and development function for instructors
(or “authors”) and a simulation function for
students (or “trainees”). A computer keyboard is
unnecessary during simulations; selections are
made by using the apparatus switches or by
pointing the computer cursor—with a mouse or
trackball—to suitable screen buttons and con-
trols (Macintosh User Interface).

Author Operation.—The system has no
inherent knowledge of medical illness or physi-
ologic processes. The “knowledge base” or com-
puter data base is derived entirely by authored
material. The system provides both the hard-
ware and the software tools to enable an author
to enter all data involved in the management
problem. A flowchart of the authoring operation
is shown in Figure 3.

The author creates a case by dividing the total
management problem into individual opera-
tions or “modules.” A module is a group of data
consisting of a history and physical examination
(or subsequent progress note or consultation),
hemodynamic data, study options and results,
four potential treatment plans, and appropriate
discussion. Data are entered for the patient’s
initial condition and for the consequence of each
treatment plan. Histories, physical examina-
tions, progress notes, and consultations are
entered by using standard word processing (Fig.
4). Dialog boxes (Macintosh User Interface) are
used to enter hemodynamic data, study options
and results, treatment plans, and discussion
(Fig. 5). Actual waveforms from the critical-care
unit or cardiac catheterization laboratory may
be used by simply tracing one or more cycles on
a digitizing tablet (Fig. 6). The program enables
an author to adjust the rate and pressure of the
waveforms automatically once they have been
entered; thus, the number of waveforms that
need to be drawn is reduced. This procedure is
accomplished by numerical analysis ofthe drawn
waveform and application of mathematical tools
unique to computer raster graphics presenta-
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Fig. 3. Flowchart of program operation for authoring cases. Once a history and physical examination have been prepared
and entered, all hemodynamic and study data, treatment options, and discussions are entered by using tools provided by
the system. Management problems are divided into discrete modules, each containing either the history and physical
examination or the progress notes and consultation, as well as treatments, discussions, and “response” data (“initial” data
and data resulting from each treatment plan). Trainees do not see the modules but rather progress through the case just
as they would in an actual patient-management situation. Modules automatically interconnect on the basis of treatment
selected. By limiting treatment options to four per module, the author does not have an unwieldy amount of data; cases
can be expanded later by adding more modules. Each management problem may end in a variety of ways, depending on
the scenarios created by the author and the action taken by the trainee.
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Fig. 4. Example of computer screen appearance when
history and physical examination are entered. Multiple
documents may be open at one time, including the initial
history and physical examination, progress notes, and
consultations. Editing features include “cutting and past-
ing” of text within or between documents. Because each
document is saved by a patient pseudonym, memory is also
reserved for storage of module-specific data. BP = blood
pressure; S = subjective; O = objective; A = assessment; P =

plan.

tion. Because part of one case may be shared
with another—either directly or through a li-
brary of waveforms—the time needed to author
a case can be shortened.

Although many problems in medical manage-
ment can be demonstrated with a single module,
a case consisting of multiple modules enables
the trainee to provide “continuing care” for the
patient. Afterthe first module, progress notesor
consultations are presented rather than the
history and physical examination. During the
simulation, only those modules appropriate to
the trainee’s action are presented.

Authoring a case may take from an hour to
several days, depending on the number of mod-
ules needed. The author must consider the
consequences of each treatment option provided
tothe trainee and enter the conforming data. An
outline of the information necessary for author-
ing a single module is shown in Table 1.

Although having the latitude to allow the
trainee to select any treatment at any time
would be ideal, no available instructional sys-
tem could predict the outcome. This range of
options may be possible in the future by incorpo-
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Fig. 5. Entry of module-specific data is by means of dialog
boxes, such as example shown here for heart rate and
hemodynamic values. Similar dialog boxes are used for
entry of study options and results, treatment plans, and
discussions. Computer cursor is moved to appropriate
entry point above, and values are typed on computer key-
board. Default values (previously stored data) are shown
when dialog box first appears. New data are incorporated
into module by selecting “Save.” PA = pulmonary artery;
RA = right atrial; RV = right ventricular.

rating cardiovascular and other models. Au-
thors may use models currently available to
assist them in constructing cases.

Response QUEUGLITETLITE ELEN Studies Done

Patient: Johnson, Jack A.
Response: Initial
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Fig. 6. One or more waveform cycles are either drawn
freehand or traced on a digitizing tablet. Once entered, the
waveform is automatically cycled, adjusted for rate and
pressure, and positioned for proper display later on the
cardiac monitor. Numerical analysis methods are used to
merge the drawn waveforms with the previously entered
heart rate and pressure data. Art. = arterial; ECG =
electrocardiogram; PA = pulmonary artery; RA = right
atrial; RV = right ventricular.
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Table 1.—Outline of Information Needed for Authoring a Single Module
in Construction of a Simulated Case

I. History and physical examination (initial module)
A. Identify with a pseudonym (base name)
B. Type appropriate information or
Progress notes and consultations (subsequent modules)
A. Identify with an identification number appended to the base name (for
example, Smith, John[1...99])
B. Type appropriate progress note or consultation

II. Hemodynamic data

A. Enter rate and pressure data for the initial examination and consequence
of each treatment option
1. Heart rate
2. Catheter pressure readings (right atrial, right ventricular,

pulmonary artery, wedge)

3. Arterial pressure (systolic and diastolic)

B. Enter waveform data for the initial examination and consequence of each
treatment option (actual tracings may be used)
1. Rhythm strip
2. Hemodynamic monitoring catheter
3. Arterial line

C. Merge data (process waveforms to match rate and pressure)

III. Study options and results
A. Enter studies for the initial examination and consequence of each
treatment option
. General laboratory
. Cardiac studies
. Pulmonary and respiratory studies
. Microbiology
Nuclear medicine studies
X-ray and imaging studies
. Additional
B. Include reserved words with study results*
1. “Unnecessary” and “inappropriate” synonyms
2. Performance score ({-100...100})
3. Cost of study or procedure ($n,nnn.nn)

N U N

IV. Treatment options
A-D. Enter up to four treatment plans

V. Discussion text
A. Enter up to four discussion replies to the treatment options above
B. Include reserved words with each discussion
1. Next module’s identification number ([1...99])
(This indicates to the system which module to link automatically once
a given treatment option is selected)
2. “Unnecessary” and “inappropriate” synonyms
3. Performance score ({-100...100}))
4. Cost of treatment ($n,nnn.nn)

*See “Performance Evaluation.”

Trainee Operation.—The trainee begins a
simulation by selecting a case from the library (a
listing of cases is presented on the computer
screen by selecting the appropriate menu item)
and reviewing the information provided on the
initial history and physical examination. A

flowchart of the trainee operation is shown in
Figure 7.

As in a real-life situation, students may order
studies, select a treatment plan, seek consulta-
tion, or connect the patient to a cardiac monitor.
Studies are performed by selecting from study
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Fig. 7. Flowchart of program operation for trainee level. Once a patient has been selected and the history and physical
examination have been reviewed, the trainee may elect to order studies, select a treatment plan, review discussion
material, or connect the patient tothe cardiac monitor. “Initial” data are presented if notreatment hasbeen selected. After
one of four treatment plans has been selected, ordering further studies or review of the cardiac monitor will reveal the
consequences to the patient (numbered boxes). If appropriate, the trainee may—by selecting “Advance to Next Module”—
review the chart again for progress notes or consultations and thereby continue management of the patient.
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General Laboratory

Hb=14.2, WBC=11,000, Platelets and
Differential are normal.

Na=133, K=3.5, Cr=1.1, Glucose=120

] Hematology...
& Chemistry...
[ urinalysis...

& Cardiac Enzymes... CPK-MB=4, LDH=60, S60T=50

Fig. 8. Laboratory studies are ordered by checking an
option from a list of studies made available by the author,
as shown in example. Several categories of study are
available, and most departments of a major referral center
are included. CPK-MB = creatine kinase MB isoenzyme;
Cr = creatinine; Hb = hemoglobin; K = potassium; LDH =
lactate dehydrogenase; Na = sodium; SGOT = serum glu-
tamic-oxaloacetic transaminase; WBC = white blood cells
(leukocytes).

alternatives programmed by the author (Fig. 8).
Similarly, a treatment plan is selected from
choices provided by the author (Fig. 9). Once a
treatment plan has been chosen, all data change
to conform with the intervention. Cardiac cathe-
terization may be performed at any time simply
by selecting the cardiac monitor from the com-
puter menu and introducing a catheter into the
torso apparatus. The initial data presented
(including both digital and analog display of
waveforms) undergo real-time changes that
correspond with the treatment provided. This
process is made possible by the author’s having
previously entered the data as a consequence of
the selected treatment.

Simulated care is continued by reviewing
progress notes and consultations, ordering addi-
tional studies, and selecting additional treat-
ment alternatives. Continued care is possible
because of automatic linking of previously au-
thored modules. The care rendered may im-
prove, worsen, or cause no change in a patient’s
condition. The final management of the pa-
tient is dependent on the sequence of modules
selected and may vary from one trainee to the
next.

introduciion  Calculators RIGINTEOM duthars Done

O Option 1

Select Treatment Option
For Patient Johnson, Jack A.

O Option 2

Discharge on Maalox, 30cc
after meals and at bedtime.
Advise him to contact his
primary physician in the a.m.

Intubate prior to transfer to
the CCU. Infuse 200cc IV fluids
over the next ten mins., and
start a Dopamine drip.

O Option 3 &

O Option 4

Admit to the CCU, start oxygen
and TPA, 8 mg bolus over 2

Request an immediate
cardiology consultation.

mins., then 50 mg over 1 hr,
and finally 20 mg per hour for

2 hours.
Monitor Discussion

Menu

Fig. 9. Trainees may select from one of four treatment plans
with each module. Once a treatment has been selected,
further ordering of studies or review of the cardiac monitor
will reveal the consequences to the patient. A trainee may
select another treatment plan if the initial choice is less
than favorable. The author determines which treatments
(if any) will cause the case-management problem to pro-
gress beyond the current module. CCU = critical-care unit;
1V =intravenous; TPA =tissue-type plasminogen activator.

Performance Evaluation.—Trainee per-
formance is monitored for both cognitive skills in
patient management and procedural skills at
catheterization (Fig. 10). The former is accom-
plished by assignment of a numerical score for
the care delivered, determination of the num-
bers of unnecessary and inappropriate studies
or treatments, and cost analysis of the care
delivered.

The author assigns a point value (positive or
negative) to each study and treatment; thus,
evaluation is based on utilization and quality of
care. In addition, because the author assigns a
dollar amount to each study and treatment, the
total cost for rendering the specified care can be
determined.

Determination of unnecessary or inappropri-
ate studies or treatments is accomplished by
automatically scanning an author’s text for re-
served words. For example, if the trainee orders
a lumbar puncture, the following authored re-
sponse could appear:

Patientrefuses. Performing a lumbar puncture would be
unsafe in light of the head computed tomographic findings.

{-10} $125.00
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CEEETT 2e090060000806%

. Cost for managing this patient is $2115.01 .

Trainee Performance
Score = 86

. Balloon was down entering the right ventricle.

. Balloon was down entering the pulmonary artery.

. Catheter was in wedge position for 56 secs.

. Balloon was up backing across the pulmonary valve.
. Balloon was up backing across the tricuspid valve.

. 1 unnecessary order was given.

1
2
3
4
5
6
?
8

. 2 inappropriate orders were given. k

Fig. 10. Performance is assessed for both cognitive and
manual dexterity skills. The system automatically pro-
cesses authored information to identify unnecessary or in-
appropriate actions taken by the trainee.

In such a situation, the system would recognize
the word “unsafe” and would increase the “inap-
propriate” score by one. In addition, selecting
this test will decrease the trainee’s “perfor-
mance score” by 10 and increase the “cost of care”
by $125.00.

Critical-Care Calculators.—Special screen
calculators allow rapid determination of essen-
tial indices in critical-care management and
thus are an important adjunct for selection of
treatment or assessment of outcome. Subject
areas include hemodynamic, respiratory, venti-
latory, and renal function (Fig. 11). The trainee
or author may use these calculators at any time.
“Whatif...” analyses can be performed by simply
changing one or more input variables and again
selecting “Calculate” on the screen. These calcu-
lators are being tested for use as a separate tool
in the critical-care unit. Several monitor manu-
facturers have incorporated similar calculator
features into their own displays.

OBSERVATIONS

Each author must be responsible for the validity
of the curriculum developed. This requirement
is particularly important if the system is to be
used for testing or certification purposes. Be-
cause no standard of care is purported by the

system, authors must give the same attention to
detail and accuracy of cases as they would a
lecture or publication.

Once a case has been created, it should be
observed in use to ensure its clarity, utility,
and module-to-module consistency. To enter
waveform data, instructors must have either
(1) a complete understanding of the hematolog-
ic consequences of the disease or therapeutic
intervention or (2) representative data (actual
patient tracings) for direct entry into the case.

Before using the system, trainees should be
oriented to the torso apparatus and Macintosh
computer, as well as instructed in the proper
technique for insertion of a catheter. Once this
orientation has been completed, they may work
independently with the system and may check
their own performance at any time.

Once created, cases may be modified at any
time or deleted entirely. Moreover, they may be
exchanged with other system users by simply
copying and exchanging disk media.

The initial impressions of specific users of this
computerized system have been favorable. In
particular, the ease of use by the true computer
novice and the quick ability to program cases
and monitor tracings into the equipment were
considered important features.

DISCUSSION

Potential.—This system is not intended to
replace actual patient contact but rather to
prepare the trainee before encountering certain
management problems. The trainee may be a
medical student learning basic skills or an ex-
perienced cardiologist desiring to study prob-
lems rarely encountered. In addition, the sys-
tem may be used to demonstrate models of
unusual cardiovascular function, such as an
artificial heart.

The system has been used with overhead
projection of the computer display for conference
presentation;thus, in effect, a physician or nurse
can bring a “patient” to the conference by being
able to present a real-time cardiac monitor. This
system also enables the presenter to demon-
strate the sequence of events in a patient during
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Dynacath Hemodynamics Calculator
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Fig. 11. Hemodynamics calculator is one of four calculators
available in this system. Once all input values have been
entered, selecting “Calculate” will cause immediate display
ofindices. Selecting any rectangular box brings up a display
that contains the definition, derivation or formula, and
comments. ABP = arterial blood pressure; BSA = body
surface area; CI = cardiac index; CO = cardiac output;
CVP = central venous pressure; HR = heart rate; Ht =
height; LCW = left cardiac work; LCWI = left cardiac work
index; LVSW = left ventricular stroke work; LVSWI = left
ventricular stroke work index; PAP = pulmonary artery
pressure; PAWP = pulmonary artery wedge pressure;
PVR = pulmonary vascular resistance; PVRI = pulmonary
vascular resistance index; RCW = right cardiac work;
RCWI =right cardiac work index; RVSW = right ventricu-
lar stroke work; RVSWI = right ventricular stroke work
index; SI = stroke index; SV = stroke volume; SVR =
systemic vascular resistance; SVRI = systemic vascular
resistance index; Wt = weight.

the hospital stay or to review problems as they
exist for the patient.

Finally, this computerized simulator offers an
alternative to animal-oriented workshops in
catheter use and may lessen the need for experi-
mental animals for this purpose.'®

Limits.—This system is currently limited in
its ability to simulate ventilator management,
and the torso apparatus is not designed for
placement of airways, chest tubes, or intra-aor-
tic balloons or for performance of thoracentesis
or pericardiocentesis.

A potential drawback of the system is the
prospect of a poorly authored case becoming
widely used; thereby, unacceptable procedures
or methods may be learned. This risk can be
reduced by peer review of authored cases, simi-

lar to the peer-review process for scientific
manuscripts.

CONCLUSION

Although a computerized simulator for critical-
care training is a technologic achievement, de-
termination of the system as a useful instruc-
tional tool or certification aid must come from
broader use and controlled studies. Investiga-
tors may wish to determine the system’s useful-
ness in the following areas: (1) as a training,
testing, certification, or modeling aid; (2) in
evaluating utilization and quality of care deliv-
ery; and (3) in identifying discrimination pat-
terns in patient care based on insurance, age,
sex, religion, or race.
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The hemodynamics of pulmonary and medical intensive

care

STEVEN S. SALITERMAN, MD, FACP

Objectives: To describe a) the physiology of
oxygen delivery, b) the importance of hemody-
namic monitoring in the medical intensive care
unit, especially as it relates to pulmonary dis-
ease, ¢) methods for proper use of pulmonary
artery catheters and interpretation of derived
data and d) application of these principles to
specific pulmonary diseases.

Oxygen Transport: Fundamental to interpret-
ing and responding to changes in hemodynamic
data is having an understanding of oxygen
transport and consumption, Frank-Starling’s
law, chemical mediators, mixed venous oxygen
tension, continuous venous oximetry, and acid-
base balance.

Hemodynamic Monitoring: It is necessary to
decide which patients will benefit from place-
ment of a pulmonary artery catheter, select an
insertion site and appropriate catheter, safely
insert a catheter for measurement of cardiac,
pulmonary artery and pulmonary artery occlu-
sion pressure (wedge pressure), and interpret
the resulting waveforms and pressure values.
There are early and late complications of
catheter placement that must be observed for.

Pulmonary Considerations: Patients with
pulmonary disease may have marked changes
in intrathoracic pressure, pulmonary vascular
resistance, cardiac output, and oxygen delivery
to the tissues. In respiratory failure right ven-
tricular performance can not be predicted from
the right ventricular ejection fraction, and is
better correlated with the right ventricular
end-diastolic volume index.

Mechanical Ventilation: An important
adjunct to the treatment of critically ill
patients, mechanical ventilation serves to
improve oxygenation and reduce the work of
breathing. Changes in intrathoracic pressure
associated with the underlying pulmonary dis-
ease, PEEP, and type of ventilation all influ-
ence hemodynamic measurements. The most

From the Department of Medicine, Methodist Hospital, Minneapolis,
MN and Fairview Southdale Hospital, Edina, MN.

Address correspondence to Steven Saliterman, M.D. at Meadowbrook
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common and important hemodynamic effect of
mechanical ventilation is to decrease cardiac
output by decreasing the pressure gradient for
venous return.

Pharmacologic Intervention: Medications
useful in the treatment of critically ill patients
have significant hemodynamic effects, in-
cluding influencing myocardial contractility,
vascular resistance, preload and afterload.

Specific Disorders: Pulmonary edema, chron-
ic obstructive pulmonary disease, adult respi-
ratory distress syndrome, pulmonary embolism,
barotrauma and contusion are among the con-
ditions often encountered, and provide a spe-
cial challenge in obtaining, interpreting and re-
sponding to hemodynamic measurements.

OXYGEN TRANSPORT

Adequate tissue oxygenation depends on hemoglo-
bin concentration, the percentage of hemoglobin satu-
rated with oxygen in arterial blood (Sa0Oyg), cardiac
output (CO), oxygen consumption (VOg), the affinity
of hemoglobin for oxygen (P50) and the distribution

of perfusion.
Normal compensatory mechanisms are typically
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Figure 1. Oxygen dissociation curve [Snyder 1987].



disturbed in critically ill patients, and shifts in the
oxyhemoglobin dissociation curve (Fig. 1) such as
from acidosis or alkalosis may profoundly impact oxy-
gen content and delivery.

The curve may be shifted to the right with im-
proved oxygen unloading (decrease in the affinity of
hemoglobin for oxygen) at the tissue level by in-
creased blood temperature, carbon dioxide, hydrogen
ion concentration, 2,3-DPG, intercellular sodium, and
hemoglobin concentration.

The curve may be shifted to the left by hy-
pothermia, hypocarbia, alkalosis, anemia, and de-
creases in 2,3-DPG or sodium.

Although methods exist for approximating oxygen
consumption in critically ill patients, they are techni-
cally difficult and may not give clue to individual or-
gan metabolism. In summary, it is best simply to
maximize oxygen transport to support the greater
than normal metabolic rates.

Tissue oxygenation depends on both oxygen satu-
ration and rate of flow:

TOg = CO x CaOy

TOg is oxygen transport, CO is cardiac output and
CaO,, is arterial oxygen content.

If cardiac output is severely depressed despite
improvement in arterial oxygenation, oxygen trans-
port may be worsened. It is necessary to consider all
factors that contribute to oxygen supply and not rely
solely on the level of arterial oxygen saturation
improvement [Edwards 1993], [Snyder 1987].

Oxygen Consumption (VOy)

The amount of oxygen utilized is normally deter-
mined by the body's energy requirements, and can be
calculated from the Fick equation [Dantzker 1991]:

V09 = VI x FIOg - VE x FEOg = CO x (CaOg- CvOq)

VI and VE are the inspired and expired minute
ventilations, FIOg and FEO, are the inspired and

expired fractional concentrations of oxygen, CO is the
cardiac output, and CaOg and CvO; are the arterial

and mixed venous oxygen content.

In a steady state condition the amount of oxygen
taken up by the tissues is equal to the amount taken
up in the lung, so that V0 can be calculated from

either the gas side of the system (Fig. 2), measuring
the difference between the amount of oxygen in the

Figure 2. The MedGraphics Gas Exchange® system.

inspired and mixed expired gas, or the blood side as
the product of the cardiac output and the arterial-ve-
nous oxygen difference.

Frank-Starling's Law

Cardiac output is dependent on heart rate, intrin-
sic myocardial contractility, preload and afterload .

The Frank-Starling curve (Fig. 3) shows the rela-
tionship between left ventricular (LV) preload and
stroke volume (SV). For a given heart rate, as venous
return increases, preload increases, and the force of
ventricular contraction increases, allowing the heart
to empty to a nearly constant end-diastolic volume or
increased stroke volume. This is Starling's law, and
only cardiac myofibrils - not skeletal or smooth mus-
cle - have the ability to increase their force of contrac-
tion as fiber length increases above resting length.
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Figure 3. Frank-Starling Curve [Snyder 1987].

The ventricle described by curve A has a better
performance than that described by curve B.

Pulmonary artery occlusive pressure (PAOP) is
used as an estimate of end-diastolic pressure which
in turn approximates LV preload [Goldberg 1987].

Prostaglandins, Prostacyclin, Thromboxane A2
and Leukotrienes

Prostaglandins and related substances come from
the breakdown of tissue, and are involved in produc-
ing shock, fever, and pain.

Prostacyclin modulates vasoconstriction in the
microvasculature and participates in the hyperemic
response to hypoxia. It augments renal flow, sodium
and water excretion, and modulates hemostasis. The
balance between prostacyclin and TXA2 is critical to
maintaining hemostasis, and imbalance may cause
vasospasm, infarction, and angina.

The leukotrienes are potent mediators of coronary
vasoconstriction and produce negative inotropic
effects [Bruns 1987], [Gerrard 19871, [Zeid 1987].

Pulse Oximetry, Mixed Venous Oxygen Tension,
Continuous Venous Oximetry

Pulse oximetry is commonly used for measuring
arterial oxygen saturation (Sa02) (Fig. 4).
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Figure 4. The Nellcor® Pulse Oximeter.

Mixed venous oxygen tension (PVOg) may be the

most reliable single physiologic indicator for monitor-
ing the overall balance between oxygen supply and
demand.

Mixed venous blood is a flow-weighted mixture of
all blood that has traversed the systemic vascular
beds and may best be sampled from the proximal
pulmonary artery.

Marked venous hypoxemia (PVOy < 27 mmHg)
and lactic acidosis is associated with high mortality.

Mixed venous oxygen tension does not indicate if a
specific organ is under perfused or the distribution of
perfusion. Another drawback is that in critically ill
patients the central venous sample may not repre-
sent a true mixed venous sample.

Fiberoptic catheters for continuous analysis of
blood oxygen saturation (SvOg) has increased in pop-
ularity since first introduced in 1972 (Fig. 5). The
SvOgq reflects the overall balance between oxygen

supply and demand. Calibration with a mixed venous
sample and catheter position are important.

Figure 5. The Abbott Oximetrix® for measuring continous
mixed venous oxygen saturation.
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Table 1. Interpreting Arterial Blood Gases.

Condition Findings Cause
Respiratory Acidosis (PaC02 > 45) + (pH < 7.35) Inadequate ventilation
Metabolic Acidosis (PaC02 < 35) + (pH < 7.35) H+ buildup
Respiratory Alkalosis (PaCo02 < 35) + (pH > 7.45) Increased ventilation
Metabolic Alkalosis (PaCo02 > 45) + (pH > 7.45) Volume depletion or low K+

The normal range is 0.68-0.77. High values indi-
cate an increase in delivery relative to consumption,
and is associated with cirrhosis, sepsis, peripheral
left-to-right shunting, cyanide toxicity, arterial
hyperoxia or technical problems (calibration error,
wedging of the catheter).

Low values may be associated with anemia, arteri-
al oxygen desaturation, increased oxygen consump-
tion or decreases in cardiac output. A rapidly falling
Sv0g may proceed a major cardiovascular com-
plication.

Interpreting arterial blood gases for acid-base bal-
ance is also important, and Table 1 allows for distin-
guishing respiratory from metabolic disorders
[American Heart Association 1987].

[Martin 1992], [Nelson 1987], [Nelson 1992],
[Snyder 1987], [Vincent 1992].

Echocardiography

Comprehensive cardiovascular ultrasound imag-
ing can be used to determine hemodynamics, includ-
ing gradient, pressure, flow and valve area.

Since 1987 transesophageal echocardiography has
been considered a routine extension of the precordial
or transthoracic echocardiographic examination.

Superior results are obtained in prosthetic heart
valves, mitral regurgitation, critical illness following
infarct or trauma, endocarditis, cardiac tumors,
thrombosis and masses, congenital heart disease and
aortic disease [Seward 1991].

HEMODYNAMIC MONITORING

The pulmonary artery catheter allows measure-
ment of right atrial, right ventricular, pulmonary
artery, occlusion (wedge) pressure, and cardiac out-
put. Taken together with blood pressure, arterial and

mixed venous oxygen content, the clinician can prop-
erly evaluate cardiopulmonary function, and through
repeated measurements be able to monitor the pa-
tient's progress and response to therapeutic interven-
tions.

Guidelines for catheter use and clinical compe-
tence in hemodynamic monitoring have been pub-
lished [American Society of Anesthesiologists 1993],
[Expert Panel 1991], [Friesinger 19901, [Naylor
1993], [Society of Critical Care Medicine 1992],
[Young 1990].

Figure 5. Anatomy of the arm veins [Daily 1989).
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Figure 6. Anatomy of the Subclavian and Jugular Veins
[Daily 1989].
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Insertion Technique

Common sites for catheter insertion include the
medial basilic vein (Fig. 5), internal jugular vein and
subclavian vein (Fig. 6). Femoral vein catheterization
has also been shown to be safe and effective.

A ready-made tray, such as the Arrow®
Percutaneous Sheath Introducer Kit speeds the
process of venous access and catheter placement.

The site (Fig. 7) is first cleansed and draped, and
then using an 18 Ga. x 2.5 catheter assembly, the
vein is located. A plastic sheath remains in place,
while an inner metal needle is removed. A 0.035 inch
spring wire is inserted through the sheath, and then
the sheath is also removed.

A vessel dilator is pre-placed through a detachable
hemostasis valve and larger flexible sheath, and the
combination assembly is slid down the wire into the
vein. The wire and dilator are removed, and an intra-
venous solution is connected to the side-port of the
valve.

A pulmonary artery catheter, such as a Swan -
Ganz® type is removed from its container and the
balloon inspected after inflation for symmetry.
Enough air should be used to recess the tip of the
catheter. The air is passively deflated and the
catheter is wiped clean with saline.

The catheter is placed through the contamination

F.

Figure 7. Catheter insertion: a) skin preparation, b) vein location and placement of a plastic sheath, c) advancement of a
larger sheath, hemostasis valve and vein dilator down the spring wire, d) use of a safety syringe, e) testing for balloon func-
tion and f) placement of the pulmonary artery catheter and contamination shield.

5
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Figure 8. Representative right atrial pressure waveforms [Civetta 1992].

shield first, then slid into the hemostasis valve. The
manometer is connected so that waveforms can be
interpreted as the catheter is advanced.

The balloon should not be inflated until in the
superior vena cava or right atrium. Advance until a
pulmonary artery occlusive pressure reading is
obtained, then deflate the balloon and pull it back
into the pulmonary artery.

The hemostasis plug should be sutured to the skin
and dressed. The contamination shield is unfolded
providing a margin of safety for intermittently re-
advancing the catheter and checking the pulmonary
occlusive pressure reading.

Hemodynamic Pressure Measurement and
Tracings

The a wave is due to atrial systole and follows the
P wave of the electrocardiogram (Fig. 8). The ¢ wave
occurs with tricuspid valve closure. The x descent is
due to a combination of atrial relaxation and the
downward displacement of the atrioventricular junc-
tion during the early part of ventricular systole. The
v wave corresponds to the flow of blood into the atria
against a closed tricuspid valve during the late part
of ventricular systole. The y descent results from the
rapid flow of blood from the atria into the ventricles

following opening of the mitral and tricuspid valves.
Additional examples of waveforms are shown in Figs.
9-14.

The a wave is absent in patients with atrial fibril-
lation (A).

Flutter @ waves are observed in patients with atri-
al flutter (B).

Large @ waves ("Cannon a waves") occur when the
atria contract while the atrioventricular valves are
closed during ventricular systole. These may be regu-
lar in junctional rhythm or irregular when atrioven-
tricular dissociation accompanies premature ventric-
ular beats, ventricular tachycardia or complete heart
block (C).

With tricuspid insufficiency, the right atrial v
wave becomes prominent, the x descent is obliterated,
and the y descent is steep (D).

Pericardial tamponade causes elevation and
equalization of the right atrial, pulmonary artery
diastolic, and wedge pressure tracings. The x descent
on the right atrial pressure tracing is preserved; how-
ever the y descent is damped or absent due to
restricted early ventricular filling (E).

Constrictive pericarditis also causes elevation and
equalization of diastolic pressures. The a and v waves
are followed by prominent x and y descents, resulting
in a typical "M" waveform. Unlike in tamponade, the
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Figure 9. Normal right atrial pressure. All tracings are Figure 12. Ventricular bigeminy. Note the Cannon a wave
from the Dynacath Critical Care Patient Simulator™. with each premature ventricular contraction.
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Figure 13. Tricuspid insufficiency. Typically the large v
wave occurs early in diastole.

Figure 11. Premature atrial contractions. Note the arterial Figure 14. Mitral insufficiency. Typically the large v wave
pressure variation with shorter filling time. occurs late in diastole.
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y descent is prominent because there is no restriction
of early ventricular filling (F).

In acute mitral insufficiency, a large v wave may
be present in the pulmonary artery wedge tracing.
This has been attributed to the regurgitant blood
flow across the incompetent mitral valve into a rela-
tively noncompliant left atrium. The v wave may
mimic the pulmonary artery waveform and be misin-
terpreted as the catheter being in the pulmonary
artery position. Compare with the ECG. The peak of
the v wave occurs after the T wave (the peak of the
pulmonary artery systole occurs within the T wave).
Mitral obstruction, congestive heart failure and VSD
may also have large v waves.

With right ventricular failure, the right ventricu-
lar end-diastolic pressure may be so high that during
catheter insertion the right ventricular waveform
may resemble the pulmonary artery tracing.

In hypovolemic shock, extremely low right ventric-
ular and pulmonary artery pressures may be
observed.

[Ahrens 1991], [Astiz 1993], [Bach 1992], [Berlauk
1991], [(Biga 1991], [Bridges 1993], [Cobean 1992],
[Connors 1992], [Cope 1992], [Ermakov 1992],
[Ferraris 1992], [Findling 1994], [Hamilton-Farrell
19901, [Her 1993], [Iberti 1992], [Masood 1989],
[Nolan 1992], [Ornato 1993], [Pagliarello 1993], [Roth
1992], [Shively 1991], [Shoemaker 1990], [Sola 1993],
[Spodick 1989], [Steingrub 1991], [Tuchschmidt
1994], [Tuman 1989], [Vine 1991], [Weed 1991],
[West 1992], [Yelderman 1992], [Zion 1990].

Complications of Hemodynamic Monitoring

Complications of central venous and pulmonary
artery cannulation include the following:

1. Immediate Complications:
a. Multiple puncture
b. Pneumo/hemo/hydro/chylothorax-mediastinum
c. Arterial puncture - hematoma or bleeding
d. Air embolism
e. Cardiac arrhythmias
f. Catheter malposition
g. Catheter knotting
i. Subcutaneous and mediastinal emphysema
j- Tracheal puncture-laceration

2. Late Complications:
a. Pulmonary artery rupture
b. Pulmonary infarction
c. Catheter-related sepsis
d. Balloon rupture

e. Endocardial or valvular damage

f. Venous thrombosis

g. Infection

h. Nerve injury

i. Cerebrovascular compromise

Jj- Cardiac perforation and tamponade
j. Arteriovenous fistula

k. Thrombocytopenia

[Allyn 1989], [Baraka 1991], [Bernardin 1994],
[Duong 1993], [Feng 1990], [Gotchall 1989],
[Guillaume 1990], [Hagley 1992], [Keusch 1989],
[Kirton 1992], [McLellan 1989], [Mermel 1991],
[Mermel 1993], [Mermel 1994], [Moorthy 1991],
[Raad 1993], [Smart 1990], [Soding 1994], [Unger
1990], [Venus 1992], [Westenskow 1993].

Is Hemodynamic Monitoring of Value?

Inadequate training in pulmonary artery catheter
placement and interpretation may account for the
diversity of opinion as to the benefits of invasive
monitoring [Iberti 1990]. In addition, physician
assessment of the effect of right heart catheterization
on treatment decisions and patient outcomes has
been challenged [Ontario Intensive Care Study
Group 1992]. There may also be interobserver vari-
ability in the interpretation of tracings [Komedina
1991]. For the present, it is believed that properly
obtained data may éirect the physician toward the
most appropriate therapy, and improve patient out-
come.

Figure 15. The Dynacath Critical Care Patient
Simulator™,
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Figure 16. Apple Macintosh® Computer display of a car-
diac monitor, with simulated patient data from the Critical
Care Patient Simulator™.

Improved Training

The Critical Care Patient Simulator (Figs. 15-16)
may be used to practice pulmonary artery catheter
placement, interpret waveforms and integrate simu-
lated hemodynamic data with case scenarios
[Saliterman 1990]. This system also allows a trainee
to order studies, select management plans and
observe the hemodynamic consequences of therapeu-
tic intervention.

PULMONARY CONSIDERATIONS
Ventilation/Perfusion

The physiology of ventilation and perfusion is
helpful in understanding changes that occur with
pulmonary disease. The determinants of local venti-
lation are local compliance, local airway resistance,
and local change in transepithelial pressure.
Compliance in normal lungs depends on relative alve-
olar volume (gravity dependent). Normally venti-
lation of the lung base is greater. In low lung volumes
the proportion of gas delivered to upper lung units is
greater. Airway resistance is dependent on edema,
interstitial elasticity, bronchospasm, and obstruction
(collapse or mucous).

Flow is diminished in the nondependent lung by
gravity and compression of the alveolar vessels if
PAOP is increased. Because of interstitial pressure,
flow is decreased in the most dependent lung [Snyder
1987].
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Pulmonary Vascular Resistance

Pulmonary vascular resistance (PVR) may be calcu-
lated by the following:

(PAP - PAOP )y CO x 80
(normal 100-250 dynes®sec®cm-5)

The following may be associated with increased
PVR [Fromm 1987]:

1. Primary Pulmonary Hypertension.

2. Vasoconstriction caused by hypoxemia and aci
dosis.

3. Pulmonary obstructive processes - severe COPD
or PE.

Right Atrial Pressure

Patients with pulmonary disease frequently have
marked swings in intrathoracic pressure, and hemo-
dynamic pressure measurements parallel these
changes. There may be excessive fall in pressures
during spontaneous inspiration.

The RA pressure may be normal in mild pul-
monary disease or moderately elevated in severe dis-
ease.

Elevated RA pressures resulting from pulmonary
disease denote increased right-heart dysfunction
caused by increased pulmonary vascular resistance
(PVR) or afterload. The a wave of the RA waveform
becomes more dominant.

Wide swings in the RA pressure may occur with
the respiratory cycle, and it is important to obtain a
mean RA pressure at end-expiration over three to
four cycles [Daily 1989].

Right Ventricular Function

The right ventricle is essential to cardiopulmonary
function. Failure of the right ventricle is the inability
to maintain adequate distribution of blood flow to
ventilated lung segments [Nelson 1993].

In acute respiratory failure, the right ventricular
ejection fraction does not reflect right ventricular per-
formance [Her 1993]. There may be a severe reduc-
tion in right ventricular ejection fraction while the
right ventricle continues to generate sufficient pres-
sure for pulmonary perfusion.

This is because the ejection fraction is dependent
on the afterload, and afterload may change dramati-
cally in patients with acute respiratory failure. An



24

increase in pulmonary vascular resistance increases
the afterload of the right ventricle.

The right ventricular end-systolic pressure volume
relationship may be a clinically useful tool to assess
right ventricular contractile function.

Right ventricular end-diastolic volume index is
calculated as the stroke volume index (cardiac
index/heart rate) divided by ejection fraction. This
correlates better with cardiac output than do either
the central venous pressure or pulmonary artery
occlusion pressure.

A low value predicts that volume loading will like-
ly increase the cardiac index in critically ill patients.
A high value (>140 mI/m2) implies that volume load-
ing will be unlikely to improve cardiac index [Diebel
1992].

These values are less likely to be affected by posi-
tive end-expiration pressure (PEEP) than pressure-
based variables [Eddy 1993], [Cheatham 1993].

Right ventricular end-diastolic volume may be
measured using the Baxter Explorer System® pul-
monary artery catheter.

Pulmonary Artery Pressure

The PAP change depends on the degree of change
of PVR and/or CO.

Pressure = Flow x Resistance

Increased PVR may be offset initially by decreased
flow ("low cardiac output pattern”). More typically in
the critical care patient the PVR will be sufficiently
high to cause the PAP to be high.

Normally PA end-diastolic pressure (PAEDP)
equals the PAOP or LAP, and reflects the LVP at
end-diastole. This allows following the PAEDP rather
than obtaining the PAOP pressure.

In pulmonary disease with increased PVR, the
PAP may become elevated while the PAOP or LAP is
low. There are two reasons for this:

1. When the balloon is inflated, flow stops in the
pulmonary capillary, and measured pressure is
a reflection of the LAP.

2. Marked reduction of lung compliance in
pulmonary disease often prevents the
transmission of increased pleural fluid pressure
to the pulmonary microvasculature.

An increase in PVR is the major limiting factor in
CO in patients with pulmonary disease. The arteri-
ovenous oxygen difference is abnormally wide.

10

Figure 17. The Bicore® Esophageal Manometer system.

The SvO2 is frequently lower than normal as a
result of increased oxygen extraction as a compensa-
tion to decreased oxygen delivery.

In general, because of the wide swings in intratho-
racic pressure, accurate hemodynamic pressure read-
ings can be measured by obtaining an end-expiratory
pressure reading and averaging over three-four res-
piratory cycles. This may require use of a paper
write-out rather than the scope display.

Esophageal Pressure (Pes) Monitoring

Esophageal pressure monitoring allows measure-
ment of fluctuations in global intrathoracic pressure
(Fig. 17). Pes allows estimation of the force generated
during all patient-initiated breaths (spontaneous or
mechanically ventilated), and allows partitioning of
lung and chest wall components. Knowledge of the
Pes helps interpret PAOP pressure during PEEP.
Changes in Pes can be used to determine the work of
breathing.

A thin esophageal catheter (about 2mm in size)
with a long balloon is inflated, passed into the stom-
ach, and then withdrawn until negative pressure
deflections are observed during spontaneous inspira-
tory efforts. The balloon is withdrawn another 10 cm,
and its final position tested by occluding the airway
and measuring deflections in PAOP and Pes. These
should closely approximate one another [Marini
1989].



Figure 18. The Siemens Servo Ventilator.

MECHANICAL VENTILATION

Mechanical ventilation is used to improve oxy-
genation, treat alveolar hypoventilation and reduce
the work of breathing (Fig. 18). Normally only 5% of
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Figure 19. End-expiration occurs about the middle of each
tracing above. The upper strip shows normal pulmonary
artery pressure with spontaneous inspiration. The negative
ITP produces a negative swing in the tracing. The lower
strip shows a positive swing from increased ITP associated
with mechanical ventilation.
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total oxygen consumption goes to the work of breath-
ing. In respiratory distress this can increases to as
much as 50%. Muscle fatigue, observed by tachypnea,
recruiting of accessory muscles, paradoxical muscle
motion, discoordination and finally respiratory fail-
ure, may be relieved by mechanical ventilation.

The heart, existing in the thorax, is a pressure
chamber within a pressure chamber. Therefore
changes within the thorax (intrathoracic pressure -
ITP) will affect the pressure gradient for blood
returning to the chest (venous return), and leaving
the chest (left ventricular output).

Whereas ITP falls with spontaneous inspiration, it
rises with positive pressure ventilation (Fig. 19).

Mode of Ventilation

Common modes of ventilation include assist con-
trol (ACV), synchronized intermittent mandatory
(SIMV) and pressure support (PSV). Hemodynamic
and oxygen transport pararmeters in patients on
these various forms of ventilation have been studied
[Sternberg 1994].

SIMV and PSV are commonly used for weaning.
The PSV augments the patient’s spontaneous breaths
with a preset positive pressure delivered by the venti-
lator. The patient controls the respiratory rate, inspi-
ratory flow and time. It reduces the ventilatory work
done by the patient and improves the breathing pat-
tern and patient’s comfort.

All three modes increase intrathoracic pressure
(ITP), lower venous return and lessen cardiac output.
During the spontaneous breaths in SIMV the ITP is
lower, and cardiac output (CO) increases. By allowing
lower peak and mean airway pressures throughout
the respiratory cycle SIMV marginally improves the
cardiac index (CI) over ACV.

There is a slightly higher CI, oxygen transport and
oxygen consumption on SIMV and PSV. It is felt that
SIMV and PSV when used for 30 minutes can provide
adequate ventilation with lower airway pressure and
possibly less adverse effects on hemodynamic and tis-
sue oxygenation parameters compared with ACV.

Positive Pressure Ventilation

Continuous positive airway pressure (CPAP) pro-
vides positive expiratory and inspiratory pressure in
spontaneous breathing. When applied to pressure
breathing it is referred to as positive end-expiratory
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Figure 20. Changes in pulmonary artery pressure (PA),
pulmonary vascular resistance (PVR) and cardiac output
(CO) with increases in positive end-expiratory pressure
(PEEP) (Daily 1989).

pressure (PEEP). Acute respiratory failure is often
associated with a decrease in functional reserve
capacity (FRC), and CPAP or PEEP may help
decrease PVR (expanding collapsed areas) - im-
proving venous return and LV filling.

As PEEP is increased, PVR and PAP increase,
while CO decreases (Fig. 20).

Estimating Transmural Pressure

Since hemodynamic measurements obtained with
mechanical ventilation are altered by increases in
intrathoracic pressure, attempts may be made to esti-
mate transmural pressure. Turning off the respirator
for measurement can be dangerous. Distal
esophageal balloons or inserting a catheter in the
pleural space can allow determination of pleural
pressure, but is not widely done.

Mean intrathoracic pressure is normally -3
mmHg. The true transmural pressures therefore
would really be the measured pressure minus the es-
timated intrapleural pressure.
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PAOP - Pleural Pressure = Transmural PAOP
(eg. 8 mmHg - (-3 mmHg) = 11 mmHg)

Normally this small and constant factor can be
ignored in patients not mechanically ventilated. The
extent to which the intrapleural pressure is increased
depends on the mode of ventilation.

PEEP therapy increase intrapleural pressure only
about 1/3 of the applied airway pressure because crit-
ical care patients usually have lungs that stiff and
non-compliant. Effects or PEEP can be ascertained
by measurement of the PAOP when PEEP is momen-
tarily discontinued for suctioning.

Responding to the Effects of Mechanical
Ventilation

Hemodynamic monitoring is helpful in patients
receiving mechanical ventilation to achieve a satis-
factory balance between the beneficial effect of in-
creased oxygenation and the deleterious effects of
decreased cardiac output.

When low blood pressure and cardiac output is
due to decreased venous return, consider ad-
ministering fluids, elevating the legs, pressure suit,
minimizing increases in ITP by decreasing inspirato-
ry time, decreasing tidal volume (Vt) or using the
minimum amount of PEEP.

Volume loading may be beneficial if the right ven-
tricular end-diastolic volume index is low.

A low CO with normal or high transmural PAOP
or LAP may be secondary to LV dysfunction - such as
can occur from hypoxemia - and further fluids would
be adverse. An inotropic agent, such as dopamine,
dobutamine, and epinephrine may be necessary to
improve contractility.

The left ventricular function curve compares LV
performance (either CO or stroke volume) as a func-
tion of LV filling pressure (LVEDP or PAOP) (Fig.
21). As the LVEDP increases, CO increases (Frank-
Starling law). Increases in PAOP over 20 mmHg usu-
ally produce little or no improvement in CO. The "A"
arrow and curve reflects a shift to a higher ventricu-
lar function curve and stroke volume without a
change in preload, as seen with positive inotropic
therapy. The "B" arrow reflects a shift to a higher
ventricular function curve and stroke volume at a
lower preload - as occurs with vasodilator therapy.
The "C" curve reflects a shift to a lower preload and
stoke volume while remaining on the same ventricu-
lar function curve, as occurs with diuretic therapy.
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Figure 21. Left ventricular function curves, showing
improvement with a) positive inotropic agents, b) vasodila-
tors and c) diuretics (Daily 1989).

As CO falls reflex vasoconstriction (to maintain
perfusing BP) increases SVR, afterload. and hence
further reduces CO. Vasodilating agents or afterload-
reducing agents such as nitroprusside or nitroglyc-
erin. Indications are low CO, normal to high PAOP
LAP with high SVR.

Clinical Application

When cardiac function is normal, venous return is
the primary determinant of cardiac output. Increases
in RAP induced by positive pressure ventilation will
decrease cardiac output by increasing back pressure
to venous blood flow.

A decrease in venous return will especially be pro-
nounced in hypovolemic states (hemorrhage, dehy-
dration), or when vasomotor tone is decreased (sep-
sis, spinal shock, autonomic blockage).

A decrease in venous return induced by positive
pressure breathing may be responsible for cardiovas-
cular collapse seen in some patients immediately af-
ter endotracheal intubation and "bagging" for acute
respiratory failure.

Hemodynamic measurements may not be accurate
in these patients - the PAOP may not accurately
reflect LV filling when hyperinflation or high levels of
PEEP (>12 cm H30). In such settings other parame-

ters of cardiac output should be monitored such as
cardiac output, mixed venous oxygen saturation,
arterial-venous oxygen differences and urine output.
Sudden rises in PAP (hyperinflation, high PEEP,
PE, hypoxic pulmonary vasoconstriction) can induce
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cor pulmonale. Venous return goes down, and the
dilated RV impinges on the LV, decreasing com-
pliance and filling, and further decreasing cardiac
output. Countermeasures include bronchodilators,
minimum inspiratory time ratio, minimum PEEP,
and in most cases, fluid administration to increase
RV filling pressure.

[Ahrens 1991], [Daily 1989], [Ishizawa 1989],
[Lookinland 1989], [Pery 1991], [Pinsky 1987],
[Poelaert 1991]

PHARMACOLOGIC INTERVENTION
Norepinephrine

Norepinephrine is a potent alpha receptor agonist
which causes arterial and venous vasoconstriction,
and beta-1-agonist which increases myocardial con-
tractility. It increases BP because of increased SVR,
and may not improve or worsen CO. It is a useful
temporizing measure in hemodynamically significant
hypotension refractory to other sympathomimetic
amines. Usual does is 2-12 mcg/min.

Dopamine

Dopamine in low doses (1-2 mcg/k/min) produces
vasodilation of renal, mesenteric and cerebral arter-
ies. AT medium doses of 2-10 mcg/kg/min there is
enhanced cardiac output and only a modest increase
in SVR. At doses above 20 mcg/kg/min alpha-adrener-
gic effects predominate with constriction of vascula-
ture and increases SVR much like norepinephrine,
Dopamine is useful when there is hemodynamically
significant hypotension in the absence of hypov-
olemia. Combined with vasodilators, such as nitro-
prusside, effects similar to dobutamine are achieved -
that is improved myocardial contractility with re-
duced preload and improved cardiac output.

Dobutamine

Dobutamine is a potent inotropic agent that stim-
ulates beta-1 and alpha-adrenergic receptors in
myocardium. Its minor stimulation of peripheral al-
pha receptors is antagonized by more potent beta-2
stimulation, and mild vasodilation may occur. It does
not produce renal or mesenteric vasodilation via
dopaminergic receptors, improves balance between
oxygen supply and demand and does not induce
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arrhythmias. It is useful in the treatment of pul-
monary congestion and low cardiac output or in the
hypotensive patients in whom vasodilators cannot be
used because of intolerance to lower pressures. It is
the treatment of choice along with volume loading in
patients with hemodynamically significant right
ventricular infarction. Usual doses is 2.5-20

mcg/kg/min.

Isoproterenol

Isoproterenol is a beta-adrenergic inotropic and
chronotropic medication which increase cardiac out-
put in spite of peripheral vasodilation, venous pooling
and reduction in mean blood pressure. It increase
myocardial oxygen requirements and worsens is-
chemia. It is useful for hemodynamically significant
atropine refractory bradycardia. It can cause serious
arrhythmias. Usual dose is 2 mcg/min.

Digitalis

Digitalis is used to increase myocardial contrac-
tion and control ventricular response to atrial fibrilla-
tion and flutter. It has little role in the management
of acute congestive heart failure.

Sodium Nitroprusside

Sodium nitroprusside is a potent peripheral
vasodilator with effects on both arterial and venous
smooth muscle. It is useful in the emergency treat-
ment of hypertension and heart failure by reducing
blood pressure and preload (via decreased peripheral
vascular resistance from increased venous capaci-
tance). May be useful when heart failure and pul-
monary congestion is acutely or poorly controlled by
diuretic therapy. It is the treatment of choice for hy-
pertensive emergencies, and is easily titratable.
Usual starting dose is 0.5 mcg/kg/min titrated to
desired endpoint.

Nitroglycerin

Nitroglycerin relaxes smooth muscle, relieves
angina, reduces LV filling pressure and SVR,
decreases oxygen requirements and has the net effect
of increasing cardiac output. It is useful in the emer-
gency treatment of congestive heart failure, espe-
cially in patients with ischemic heart disease.
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Tolerance may develop, and intermittent dosing with
nitrate-free periods may be beneficial. Usual dose is
10-20 mcg/min.

Propranolol

Propranolol is a nonselective agent which attenu-
ates the effects of circulating catecholamines by
blocking their ability to bind to beta receptors. It has
both cardiac and pulmonary effects. Its primary
emergency indication is for control of recurrent ven-
tricular tachycardia, recurrent ventricular fibrillation
and/or supraventricular arrhythmias refractory to
other therapy. Adverse effects include precipitation of
hypotension, CHF and bronchospasm.

Furosemide

Furosemide inhibits the reabsorption of sodium
and chloride in the ascending loop of Henle. In
patients with pulmonary edema during myocardial
infarction, intravenous furosemide exerts direct
venodilating effects that reduce venous return, and
thus central pressure. These effects may be observed
even more than that of diuresis. Usual dose is 20-40
mg IV up to 2.0 mg/kg total.

[American Heart Association 1987]

SPECIFIC PULMONARY DISORDERS
Pulmonary Edema

Hydrostatic and oncotic pressure gradients, in
conjunction with barrier characteristics of alveolar
epithelium, favor retention of fluid within the in-
terstitial space (Fig. 22).

Pulmonary edema is often caused by a combina-
tion of increased intravascular pressure and
increased capillary permeability. The latter the pre-
dominant cause of edema in sepsis or ARDS.

In severe LV failure, intrathoracic blood volume
increases, and pulmonary edema may form. This
occurs primarily because of increased pressure, but
also in part from capillary leak. This decreases pul-
monary compliance and gas exchange. Vasodilators,
inotropic agents and diuretics, as well as addition of
positive pressure breathing (including CPAP) may be
necessary. This will decrease intrathoracic blood vol-
ume by decreasing venous return, and may improve
cardiac performance by increasing ITP [Mecca 1992].
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Chronic Obstructive Pulmonary Disease

Chronic obstructive pulmonary disease (COPD)
includes chronic bronchitis, emphysema, asthma,
bronchiectasis and cystic fibrosis.

Emphysema is characterized by abnormal enlarge-
ment of the airspaces distal to the terminal and res-
piratory bronchioles. There are destructive changes
of the alveolar walls and capillary membranes. The
chest x-ray often shows flattening of the diaphragms
(Fig. 23).

Acute respiratory failure is associated with alveo-
lar hypoventilation and elevation of the arterial par-
tial pressure of carbon dioxide (PaCOg). Patients

with acute respiratory failure superimposed on
chronic respiratory failure can be distinguished from
patients with chronic respiratory failure alone by
decreased arterial pH and slightly higher than nor-
mal sodium bicarbonate. In chronic respiratory fail-
ure the kidneys retain bicarbonate resulting in a low
normal arterial pH, increased bicarbonate and de-
creased serum sodium chloride.

COPD is characterized by impaired gas exchange
from ventilation/perfusion inequalities.

Exaggerated increases in intrathoracic pressure (>
20 mmHg) or alveolar pressure during expiration
may be transmitted to the pulmonary microvas-
culature in COPD.

COPD patients with large chests may have inaccu-
rate zero calibration of the transducer.

[Cicale 1992]

Figure 22. Pulmonary edema before treatment is shown in
the upper film, and following diuresis in the lower film.

Figure 23. Chronic obstructive pulmonary disease . : d
(COPD). Note the hyperlucent lung fields, and flattened Figure 24. Adult respiratory distress syndrome (ARDS)
diaphragms. following coronary artery bypass.
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Figure 25. Normal ventilation scan.

Adult Respiratory Distress Syndrome

Adult Respiratory Distress Syndrome [ARDS] is
characterized by dyspnea, hypoxemia, diffuse bilater-
al pulmonary infiltrates and stiff lung. It is caused by
diffuse lung injury that leads to increase in ex-
travascular lung water (Fig. 24), usually occurs in
patients with no previous lung disease and has an
estimated mortality as high as 50% in some studies.
Aspiration of gastric contents and sepsis are highly
associated with ARDS. Other causes include shock,
trauma, toxic gases, drug ingestion, metabolic (ure-
mia, Diabetic ketoacidosis), pancreatitis, CAB, multi-
ple transfusions, DIC, and eclampsia.

Interstitial and alveolar edema, fibrosis and sur-
factant abnormalities lead to reduced lung compli-
ance (reduced functional residual capacity).

Treatment of the underlying etiology is important,
because there is no way to stop the capillary leak and
fibrosis.
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Figure 26. Abnormal perfusion scan, showing mismatched
defects when compared to the prior ventilation scan.

PEEP is the most effective support therapy. It
should be titrated in increments of 2 to 3 em H20
every 15 mins. with reassessment of arterial oxygen
tension, shunt fraction and oxygen transport.

Some volume expansion may be necessary to com-
pensate for reduction in cardiac output associated
with positive pressure ventilation or PEEP. If hemo-
dynamic performance is acceptable, judicious diuresis
may help decrease lung water. Excessive diuresis can
be hazardous. Choice of fluid replacement is contro-
versial - crystalloid (albumin) is acceptable [Taylor
1992].

Pulmonary Embolism

Pulmonary embolism presenting symptoms
include sudden onset of dyspnea, tachycardia,
tachypnea, pleuritic chest pain, cough, fever, fatigue
and apprehension.
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Figure 27. Angiogram showing segmental pulmonary
artery occlusions, consistant with pulmonary embolism.

Acute cor pulmonale findings include right ven-
tricular tap, augmented split pulmonic closure sound,
right ventricular S3 gallop, distended neck veins, pul-
sus paradoxus (exaggerated fall in BP with in-
spiration), and Kussmaul's sign (paradoxic distention
of neck veins with inspiration).

Arterial blood gases show hypoxemia with respira-
tory alkalosis.

Ventilation and perfusion scans (Figs. 25-26) are
the best means of non-invasive diagnosis. Pulmonary
angiography may be necessary to diagnose in
patients with severe COPD (Fig. 27).

Treatment includes Heparin, oxygen, and in
patients with massive embolism, isoproterenol may
increase cardiac output and reduce pulmonary hyper-
tension. If there is systemic hypotension, fluids and
norepinephrine may be helpful. Morphine sulfate is
useful in reducing pain and apprehension [Mandeep
1992].
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Figure 28. Spontaneous tension pneumothorax.

Barotrauma

Barotrauma is a complication of traumatic tho-
racic injury and therapeutic interventions. This
includes pneumothorax, pulmonary interstitial
emphysema, subcutaneous emphysema, pneumome-
diastinum. pneumopericardium, pneumoperitioneum
and venous or arterial air embolization.

Pneumothorax is accompanied by hypoxemia
resulting from increased intrapulmonary shunting,
and reduction of cardiac output can occur if tension
pneumothorax occurs. Decreased ventilation leads to
hypercapnea and respiratory acidemia. Treat with
chest tube is findings significant..

Tension pneumothorax findings include tachyp-
nea/dyspnea, cyanosis, decreased blood pressure/car-
diac output, hyperresonance to percussion ipsilateral
side, and asymmetric chest movement with ventila-
tion (Figs. 28-29).

Subclavian puncture and mechanical ventilation
can cause pneumothorax. Incidence of this problem
can be reduced by minimizing the number of me-
chanically delivered breaths, peak inspiratory pres-
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Figure 29. Pneumothorax treated with chest tube place-
ment.

Figure 30. Contusion with development of a fluffy infil-
trate in the right hemithorax.
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sures, avoiding high PEEP/CPAP and maintaining
intravascular volume [Brown 1992].

Contusion

Contusion may be determined by a pulmonary
infiltrate appearing 24 to 48 hours after rib fracture
or flail chest, or may appear more subtle, such as pro-
gressive hypoxia without rib fracture or flail chest
(Fig. 30). Hematomas often develop, or in severe
cases, they may evolve into ARDS. Oxygen and CPAP
may be helpful in mild cases, and in severe cases, flu-
ids and crystalloids may be helpful. Management
should be similar to ARDS above [Mecca 1992].

SUMMARY

¢ It is necessary to consider all factors that con-
tribute to oxygen saturation and not rely solely on
the level of arterial oxygen saturation improvement.

e Mixed venous oxygen tension and continuous
venous oximetry are important for judging the overall
balance between oxygen supply and demand.

* Properly obtained hemodynamic data may direct
the physician toward the most appropriate therapy,
and improve patient outcome.

* Because of wide-swings in intrathoracic pressure,
accurate hemodynamic pressure readings can be
measured by obtaining an end-expiratory pressure
reading and averaging over three or four respiratory
cycles. This may require use of a strip chart recorder.

¢ In respiratory failure right ventricular performance
can not be predicted from the right ventricular ejec-
tion fraction, and is better correlated with the right
ventricular end-diastolic volume index.

* Mechanical ventilation is used to improve oxygena-
tion, treat alveolar hypoventilation and reduce tne
work of breathing.

* The most common and important hemodynamic
effect of mechanical ventilation is to decrease cardiac
output by decreasing the pressure gradient for
venous return.

* Estimating transmural pressure can be helpful in
interpreting hemodynamic data in patients receiving
mechanical ventilation.



* Hemodynamic monitoring in patients receiving
mechanical ventilation is helpful in achieving a satis-
factory balance between the beneficial effect of in-
creased oxygenation and the deleterious effects of
decreased cardiac output.

¢ Certain pulmonary disorders, like ARDS, especially
if accompanied by severe left ventricular failure,
require frequent assessment of hemodynamic and
other data for proper guidance of therapy.

* Immediate and late complications of central venous
and pulmonary artery cannulation should be moni-
tored for.
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Johns Hopkins Hospital
Hemodynamic Monitoring Conference

Dynacath Patient Simulator Workshop

STEVEN S. SALITERMAN, M.D., F.A.C.P., Department of Medicine, Methodist Hospital,
Minneapolis, Minnesota (612) 920-8771

The Critical Care Patient Simulator has been developed by the author for training, certifi-
cation, modeling, and demonstrating problems in the management of critical care pa-
tients!. The simulator consists of an Apple Macintosh® computer and software, and a
replica of a human torso designed to enable students to practice critical care medicine.
The computer displays patient histories, laboratory results, treatment options, patient re-
sponses, and a real-time cardiac monitor. The torso apparatus is used to practice insertion
of a hemodynamic monitoring catheter, while the cardiac monitor displays catheter pres-
sure as the catheter is advanced into the heart, pulmonary artery and wedge position.

Workshop participants may develop procedural skills in performing cardiac catheteriza-
tion, and cognitive skills in interpreting cardiac rhythms and hemodynamic data.

Special calculators in the program may be used to determine hemodynamic, respiratory,
ventilatory, and renal function indices.

An short overview of authoring cases for the simulator is presented.

Trainee Qperation 2
Overview

The trainee begins a simulation by selecting a patient from the Cases folder and reviewing
the initial history and physical examination information provided.

As in real life, trainees may order studies, select a management plan, seek consultation, or
connect the patient to a cardiac monitor. Immediate feedback, or discussion is available for
each management plan selected. Studies are performed by selecting from study alternatives
programmed by the author. Similarly, a management plan is selected from choices provided
by the author. Once a plan has been selected, all data change to conform with the interven-
tion. Cardiac catheterization may be performed at any time by simply selecting the cardiac
monitor from the computer menu, and introducing a catheter into the torso apparatus. The
initial data presented (including both digital and analog display of waveforms), undergo
real-time changes that correspond with the treatment given. This is made possible by the
author's having previously entered the data as a consequence of the selected management.

Care is continued by reviewing progress notes and consultations, ordering additional
studies, and selecting additional management alternatives. Continued care is possible be-
cause of automatic linking of previously authored modules. The care rendered may im-
prove, worsen or cause no change in a patient's condition. Final management of the patient
is dependent on the sequence of modules that occur, and may vary from one trainee to the
next.
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Suitable medical conditions for study include arrhythmias, cardiac tamponade, cardiomy-
opathies, congenital defects, constrictive pericarditis, fluid and electrolyte disturbances,
myocardial infarctions and complications, post-operative conditions, pulmonary disorders,
shock and valvular defects.

Potential users include medical and graduate students, residents, subspecialty trainees,
hospital medical staff, nursing staff, and technicians.

Reviewing the History & Physical Examination

The simulation begins by selecting the Open Chart item under the File menu heading
(Fig. 1), locating the Cases folder in the file dialog that appears, and opening the appro-
priate chart. A history and physical examination is displayed in a window on the Macintosh
computer screen. You can scroll through the chart by selecting the controls on the right-
hand side of the window.

) tdit Author nat
New Moadule... N
New Subjeef...
Open Chart...
Open Sub ject...
{tose ’

b

Sapea
Sapa fls...
Regert to Sapaed 3R

Page Setup... #I
Print... P

Quit E!

Fig. 1. File menu items.

Ordering Studies

Once the chart has been reviewed, you may select any of the bold-type items listed under
the Trainee menu (Fig. 2). Items in gray-type can not be selected. Notice the extended

menu for Order Studies. The gray-type items may become bold-type later or not at all,
depending on what has been authored previously.
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Irainees Monitor Calculators
((llli‘mt‘ﬁl 4 General Laboratory
Yelect Manageme Cardiac

t?ist uss Mz.mlu_;smu.‘m Pulmonary & Respiratory
fontinue Care... Microbiology

Nuclear Medicine

H-Ray & Imaging

Check Performance

Review [ hart..,
Retura...
Restart Simulation

Oxygen Sat. & Cardiac Output

Fig. 2. Trainees menu items, and the extended Order Studies menu items. The Oxygen Sat. &
Cardiac Output display may also be called directly from the torso apparatus console by pressing the
Special Studies button when the cardiac monitor is being displayed. When done ordering studies, select
OK on the display that appears.

The trainee may select from the study options, or proceed directly with a management plan
after reviewing the presenting history and physical. Studies are ordered by selecting from
the list of options provided in the dialog that appears (Fig. 3).

E H-Ray/Imaging Studies

[ Chest PA & R Lat... Nodular or inflammatory infiltrate in the right
base. $45.00

[X Head CT... Unnecessary. $125.00

X venogram... Right leg venogram confirms deep venous
thrombosis of the calf veins. $125.00

_—m

Fig. 3. A study is ordered by checking the box on the left-hand side of the display, and the result is dis-
played on the right-hand side. The system keeps score on the studies ordered, determines unnecessary or in-
appropriate orders and tabulates cost of care.

You may return to this display later to review the results or order additional studies.
However, once you have selected a management plan, the study options and results may
change. For example, an initial review of a chest x-ray may show congestive heart failure.
After appropriate management a repeat film may show this has cleared. If inappropriate care
is delivered, a repeat film may show significant worsening!
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Using the Cardiac Monitor and Torso Apparatus

If appropriate, the trainee may connect the patient to a cardiac monitor by selecting Show
Cardiac Monitor under the Monitor menu (Fig. 4).

Calculators
Show Cardiac Monitor
Beep On

Narrow Trace

Fig. 4, The Monitor menu.

Show Cardiac Monitor changes to Hide Cardiac Monitor, and must be selected to
remove the monitor display from the screen later. Placement of a pulmonary artery catheter
should be done only when the cardiac monitor is showing. Selecting Beep On will make
the display more realistic, and selecting Narrow Trace will provide a sharper waveform.

Once the monitor is showing (Fig. 5), the torso apparatus control switches may be used,
and a pulmonary artery catheter may be inserted into the patient. Select ECG and/or
Arterial Line on the apparatus control panel, and if data has been entered by the author,
waveforms will appear on the cardiac monitor.

Most pulmenary artery catheters (ie. Swan-Ganz® catheter) will work with the torso appa-
ratus.

Warning: Do not insert sharp needles, force insertion components, overly
insert a metal guide wire, infuse fluids or inject fluids into the apparatus.

If you do not have a syringe available, or are unable to secure the catheter to the adaptor or
port on the enclosure, you may instead simulate the process by selecting the Balloon
Inflated or Balloon Deflated switches on the apparatus control panel. Do not use these
switches if you are using an actual syringe. The indicators will read correctly by either
method.

HEART RATE

BEATS/MIN

CATHETER PRESSURE

S/D MEAN

ARTERIAL PRESSURE

Dumecalh Monilor

Fig. 5. Simulated cardiac monitor.
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The Clear switch may be used after withdrawing the catheter if the catheter position and
display appear out of sync. This problem may arise if the catheter is moved at times other
than when the cardiac monitor display is showing. There is no harm in simply pulling the
catheter out between cases, as the system will clear itself when a new case is started.

The Special Studies switch may be used to call up the Oxygen Sat. & Cardiac
Output display while the cardiac monitor is showing.

Selecting a Management Plan

Four management plans are available at any given time, and these can be chosen by select-
ing the item Select Management under the Trainees menu (Fig. 6). Once a plan has
been selected, all studies and the cardiac monitor display change based on the plan selected.
For example, follow-up studies may be ordered, the ECG reviewed, or the patient may un-
dergo right-heart catheterization.

Select Management Option
= for Patient Soreleg, lva

QO option 1 Q option 2

Start Heparin 3000 units stat, Start a nitroglycerin drip,
then 1000 units per hour. order cardiac enzymes, and
Recheck PT in three hours. apply moist leg wrap.

Apply warm moist leg wraps.

O option 3 O Option 4

Schedule a right leg Discharge on ASA one bid.
arteriogram.

Fig. 6. One of four management plans may be selected at a time. After selecting the round button above an
option, select Implement,
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Discussion of Management
for Patient Soreleg, lva
Option 1 Option 2

Good choice. Patient does well
the first 24 hours, then
becomes very short of breath.
Continue care. $500.00

Option 3 Option 4

Fig. 7. Discussion, or immediate feedback is presented for each management plan.

Discussion

You may at any time select Discuss Management under the Trainees menu, and receive
immediate feedback about your management choice (Fig. 7). You will need to consult this
area before advancing further in the case.

It is possible to “change your mind™ and select a different plan at this juncture. Your per-
formance evaluation will take this into account however.

Continuing Care

If the Continue Care item is in bold-type, you may continue the patient’s care by select-
ing this item. The patient’s chart will automatically open with a progress note or consulta-
tion - dependent on the management plan you chose. You are now presented with new
study options and results, as well as new management alternatives.

Time Traveling!

It is possible to go back in time and review old chart notes, studies, results and manage-
ment options by selecting Review Chart. Each time you select this option, you move
further back in time. To move forward in time select Return. Repeatedly selecting this
item will bring you back to the present!

You may also select Restart Simulation to quickly prepare the case for the next trainee.

Performance Evaluation

Trainee performance is monitored for both cognitive skills in patient management and pro-
cedural skills at catheterization (Fig. 8). The former is accomplished by numerical score of
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the care delivered, determination of the numbers of unnecessary and inappropriate studies
or treatments, and cost analysis of the care delivered.

This concludes discussion of the method for trainee operation of a patient simulation.

Subject Review

Select Open Subject under the File menu and locate the Subject folder in the file selec-
tion dialog that appears. Open the folder, and select for review any topic that may

.| Trainee Performance
Q Score = 40

1. Cost for managing this patient is §1300.00 .

. Balloon was down entering the right ventricle.

. Balloon was down entering the pulmonary artery.

Catheter was in wedge position for 14 secs.

DoswN

Balloon was up backing across the pulmonary valve.

6. Balloon was up backing across the tricuspid valve.

~

1 unnecessary order was given.

-]

. 1 inappropriate order was given.

Fig. 8. The Trainee Performance display may be reviewed at any time while managing a patient, and results
will be accumulative, or representative of the last catheterization performed.

be of interest. The subject text will appear in a window, and can be scrolled through by se-
lecting the controls on the right-hand side of the display (Fig. 9).



46

O

Normal Pressures =————— 1=

Normal Pressure Values:

a/systole  v/diastole mean/end-d

Superior Vena Cava (a/v/m) <8 <8 2-6
Right Atrium (a/v/m) <8 <8 2-6
Right Ventricle (s/d/end-d) 20-30 0-5 2-6
Pulmonary Artery (s/d/m) 20-30 10-20 10-15

Pulmonary Art. Wedge (a/v/m) <12-15 <12-15 4-12

[From Daily EK and Schroeder JS: Techniques in bedside hemodynamic
monitoring. Mosby, 1985.

=<

Fig. 9. Example subject document.

Calculator Operation

Overview

Included with Dynacath Critical Care Patient Simulator™ are four calculators for determin-
ing essential indices of cardiopulmonary and renal function.

Selection

Under the Calculator menu heading select the specific calculator desired (Fig. 10).

Calculators
Hemodynamic

Respiratory
Uentilatory
Renal Function

Fig. 10. Calculator menu items,

Hemodynamics Calculator

The Hemodynamics Calculator takes as input the patient’s heart rate, blood pressure, pul-

monary artery pressure, pulmonary artery wedge pressure, central venous pressure, cardiac
output, height and weight (Fig. 11).
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Dynacath Hemodynamics Calculator

om [ owr[ ] o [T uww [~ ]
ome ] oo [ ] = [= ] ww [~ ]
ore [ J om [ s [= ] wwi[—]
cemr ] owt [ sm [—] nw (-]
Select Input Value Above SURI [:] RCIWI \:]
(Caamte ) PR =] wosw [

RUSIUI
PURI [ - ] (-1
ew (=] esn [

( pone ) [ Help ] (cancel ]

HHEE
CIEIEIE
GICISIE

Clear Rll

Fig. 11. Hemodynamics Calculator.

Once all values have been entered on the left-hand side of the display, selecting Calculate
will force output values for the cardiac index, stroke volume and index, systemic vascular
resistance and index, pulmonary vascular resistance and index, left cardiac work and index,
left ventricular stroke work and index, right cardiac work and index, right ventricular
stroke work and index, and body surface area.

To operate the Hemodynamics Calculator, perform the following steps:

1. Note the height and weight from the patient’s history and physical. Determine the pa-
tient’s arterial pressure, pulmonary artery pressure, and central venous pressure from the
cardiac monitor while advancing a pulmonary artery catheter.

2. Select the small round radio button adjacent to each input value on the left- hand side of
the display.

3. Enter the value by selecting digits (or decimal point) on the key pad in the lower left-
hand corner of the display (or type on the computer keyboard). Select C to clear the entry if
you wish, or simply re-select the radio button and again enter digits.

4. Once all the values are entered, select Calculate and observe the output values appear.
You can go back and change any input parameter and recalculate the output values. This is
an ideal way to observe the effect of changing any one input value by small or large
amounts.

5. You may clear just the results by selecting Clear Results or the entire display by se-
lecting Clear All

6. Dismiss the display by selecting either Done or Cancel. The data will remain in the
calculator until you remove it. If run from within a case, the data will remain until the case
is completed.



7. Clicking on any input or output display rectangle will automatically bring up a help dis-
play with the appropriate full name, normal range, derivation and any other information
previously entered by an author (12).

s Uariable: PUR

* Definition: Pulmonary Vascular Resistance
¢ Derivation: 79.96*(PAPmean-PALWP)/CO

* Normal Range: 100-200 dynes*sec/cm” 5

* Comments:

Fig. 12. Example of help display for pulmonary vascular resistance. The comment area is available for au-
thors to convey additional information to trainees. Entry of text in the comment area is possible after entry
of a proper access code under the Author menu heading.

Respiratory Calculator

The Respiratory Calculator takes as input the cardiac output, fraction of inspired oxygen,
partial pressure of oxygen in arterial blood, partial pressure of carbon dioxide in arterial
blood, percent arterial oxyhemoglobin saturation, venous partial pressure of oxygen, per-
cent venous oxyhemoglobin saturation, hemoglobin, height, weight, and barometric pres-
sure (Fig. 13).

10
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Calculated output data are arterial oxygen content, venous oxygen content, arteriovenous
oxygen difference, oxygen availability and index, oxygen consumption and index, oxygen
extraction ratio, alveolar-arterial oxygen difference, percent shunt, and body surface area.

The Ventilatory Calculator takes as input the respiration rate, arterial partial pressure of car-
bon dioxide, tidal volume, peak inspiratory pressure, positive end-expiratory pressure, and
pressure of expired carbon dioxide (Fig. 14).
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Calculated output values are minute volume, compliance, dead space, dead space/tidal vol-
ume ratio and alveolar ventilation.

Renal Function Calculator
The Renal Function Calculator takes as input data the serum sodium, serum creatinine,

plasma osmolarity, urine osmolarity, urine creatinine, urine sodium, urine potassium, urine
volume, blood urea nitrogen, height and weight of the patient (Fig. 15).

Dynacath Renal Function Caiculator
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( Done ) ( Help ] (cancel]

Fig. 15. Renal Function Calculator.

Calculated output data are urine sodium excretion, urine potassium excretion, urine sodium
to potassium ratio, fractional excretion of sodium, creatinine clearance, osmolar clearance,
free water clearance, nonsaline loss, blood urea nitrogen to creatinine ratio, urine serum
creatinine ratio, urine plasma osmolarity ratio, and body surface area.

Author Operation
Overview

The Dynacath Critical Care Patient Simulator™ has no inherent knowledge of medical ill-
ness or physiologic processes. The "knowledge base" or computer database is derived en-
tirely by authored material. The system provides both the hardware and software tools to
allow an author to enter all data involved in the management problem.

The author creates a case by dividing the total management problem into individual opera-
tions, or "modules.” A medule is a group of data consisting of a history and physical exam
(or subsequent progress note or consultation), study options and results, hemodynamic
data, four potential management plans and appropriate discussion. Data is entered for the
patient's initial condition, and for the consequence of each management plan. Histories,
physicals, progress notes, and consultations are entered using standard word processing.
Dialog boxes are used to enter study options and results, hemodynamic data, management
plans and discussion.

12
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Actual waveforms from the critical care unit or cardiac catheterization laboratory may be
used by simply tracing one or more cycles on a digitizing tablet. The program allows an
author to automatically adjust the rate and pressure of the waveforms once they have been
entered, reducing the number of waveforms that need to be drawn. This is accomplished by
numerical analysis of the drawn waveform, and application of mathematical tools unique to
computer raster graphics presentation.

Part of one case may be shared with another-either directly or through a library of wave-
forms-shortening the time it takes to author a case.

Although many problems in medical management can be demonstrated with a single mod-
ule, a case consisting of multiple modules allows the trainee to provide "continuing care"
for the patient. After the first module, progress notes or consultations are presented rather
than the history and physical. During the simulation, only those modules appropriate to the
trainee's action are presented.

Authoring a case may take anywhere from an hour to several days, depending on the num-
ber of modules needed. The author must consider the consequences of each treatment op-
tien provided to the trainee, and enter conforming data.

An outline of the information necessary for authoring a single module is shown in Table 1.

Table 1. - Outline of Information Needed for Authoring a Single Module
in Construction of a Simulated Case.

I. History and physical examination (initial module)
A, Identify with a pseudonym (base name)
B. Type appropriate information, or
Progress notes and consultations (subsequent modules)
A. Identify with an identification number appended to the base name (eg. Smith.
John[1..99])
B. Type appropriate progress note or consultation

II. Hemodynamic data
A. Enter rate & pressure data for the initial presentation and consequence of each
management option

1. Heart rate
2. Catheter pressure readings (RA, RV, PA, Wedge)
3. Arterial pressure (systolic and diastolic)

B. Enter waveform data for the initial presentation and consequence of each management

option (actual tracings may be used)

1. Rhythm strip
2. Hemodynamic monitoring catheter
3. Arterial line

C. Merge data (process waveforms to match rate and pressure)

1. Study options and results
A. Enter studies for the initial presentation and consequence of each management option
1. General laboratory
. Cardiac studies
. Pulmonary & respiratory studies
. Microbiology
. Nuclear medicine studies
. X-Ray & imaging studies

[o N SRl ]
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7. Oxygen saturation & cardiac output
B. Include reserved words with study results
1. "Unnecessary" and "inappropriate” synonyms
2. Performance score ({-100..100})
3. Cost of study or procedure (Sn,nnn.nn)
[V. Management options
A-D. Enter up to four management plans

V. Discussion text
A. Enter up to four discussion replies to the management options above
B. Include reserved words with each discussion
1. Next module's identification number ([1..99])
(This indicates to the system which module to automatically link once a
given management option is selected)
2. "Unnecessary" and "inappropriate” synonyms
3. Performance score ({-100..100})
4. Cost of treatment ($n,nnn.nn)

Summary

The Critical Care Patient Simulator may be used for practicing placement of a pulmenary
artery catheter and for obtaining experience in patient management. Instructors create a cur-
riculum by authoring cases - complete with histories, study options and results, hemody-
namic data and management options.
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Evaluation of the Dyspneic Patient

STEVEN S. SALITERMAN, MD, FACP

Objectives: To define dyspnea and to
describe a) mechanisms and causes for dysp-
nea, b) current classification schemes, and c)
evaluation and management of the dyspneic
patient.

The dyspneic patient often presents with a
complaint of "breathlessness" or "shortness of
breath" with activity - a subjective description
of uncomfortable breathing.

Although various classification schemes
have been devised for dyspnea, it is sometimes
difficult from the history and examination, as
well as preliminary screening studies to accu-
rately diagnose why symptoms are occurring.

Disorders of several different organ systems,
including the lung, pleura, airway, heart, peri-
cardium, neuromuscular system, and vascula-
ture may cause dyspnea. Moreover, anemia,
metabolic disorders and psychogenic causes
must be considered.

A systematic approach to evaluation and
management is essential.

DYSPNEA

Strict interpretation: disordered(dys-) breathing (-
pnea).

Conceptually: “It is a difficult, labored, uncomfort-
able breathing, although it is not painful in the usual
sense of the word. It is subjective and, like pain, it
involves both perception of the sensation by the
patient, and his reaction to the sensation [Comroe
19661.”

Factors that can mediate reactions to dyspnea
include cultural background, environment, life expe-
riences and psycological states [McCord 1992].
Adaptation to dyspnea depends on the individual,
and while some patients may simply modify there
activity level to minimize dyspnea, others become so
decompensated they require evaluation in an emer-
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gency room setting.
Mechanism

The sensation of dyspnea arises from afferent
impulses from various sensory receptors and higher
centers (Table 1.) A detailed review of causes and
mechanisms at the receptor level has been published
[Nisell 1991].

Classification

Classifications for the rating of dyspnea or breath-
lessness include the following [Borg 1982, Mahler
19871:

1. Medical Research Council scale, which uses a five
point intensity rating (Table 2).

2. Oxygen-Cost Diagram, which is a vertical 100-mm
line that represents graded activity levels.

3. Baseline Dyspnea Index, which uses three cate-
gories based on functional impairment, magnitude of
task, and magnitude of effort.

4. American Thoracic Society questionnaire for rating
breathlessness [Altose 1985].

Several other instruments for classifying dyspnea
have been described [McCord 1992]. Unexplained
chest pain with accompanying breathlessness has
also been explored [Bass 1991]. Measurement of dys-
pnea with exercise may also be useful [Mahler 1992].

Causes
Approximately two thirds of patients will have a
pulmonary or cardiac cause for their dyspnea. Most
causes for dyspnea are summarized in Table 3.

APPROACHES TO EVALUATION

Commonly one of three unsatisfactory approaches
to dyspnea is taken by the clinician [Pratter 1991].
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Table 1. Receptors Hypothesized to Contribute to Dyspnea [Gillespie 1994].

Mechanoreceptors (vagal afferent)
Lung
Stretch receptors
J receptors
Respiratory muscles
Muscle spindle (intercostal)
Golgi tendon organ (diaphragm)
Airway (irritant receptors)

Chemoreceptors
Carotid bodies

Aortic bodies
Central medullary chemoreceptors

Central nervous system
Efferent signals to respiratory muscles

Vasovagal receptors
Right atrial Mechanoreceptors
Left atrial Mechanoreceptors
Pulmonary artery baroreceptors
Right ventricular strain receptors

The first is “intuitive” or making a diagnosis with-
out objective data - e.g. assuming because a patient is
a smoker they must have COPD as a cause for their
dyspnea; the second “search and destroy” or pursing
one potential cause exhaustively before moving on to
the next potential cause - e.g. proceeding with
exhaustive cardiovascular studies before obtaining
simple spirometry; and three, “hunt and peck” or
evaluating and treating for one disorder after anoth-
er in the hope of stumbling upon the correct diagno-
sis.

Because dyspnea is a subjective reporting by the
patient or family, or simply an observation by the
clinician or nurse during evaluation for other prob-
lems, a systematic approach must be taken to evalu-

Table 2. Medical Research Council 5 Point Scale
[Borg, 1982, Mahler 1987].

0 Not troubled with breathlessness except
during strenuous exercise.

1 Troubled by shortness of breath when
hurrying on the level or walkingup a
slight hill.

2 Because of breathlessness, walks slower

on the level than other people of the same
age, or must stop for breath when walk
ing at own pace on the level.

3 Stops for breath after walking about 100
yards or after walking a few minutes on
the level.

4 Too breathless to leave the house or

breathless when dressing or undressing.

ating and managing. Dyspnea often is a presenting
problem for primary care physicians (both pediatric
and adult), emergency physicians, subspecialists in
allergy, cardiology, endocrinology, intensive care, and
thoracic disease, as well as several surgical special-
ties.

ASSESSMENT OF PATIENTS WITH DYSPNEA
The following initial evaluation is essential:

1. Determine specific activities that cause breath-
lessness.

2. Document exposures (i.e. workplace, farm, hob-
bies, animals and birds).

3. Review medications (think about drug-induced
pulmonary conditions).

4. Inquire about past medical diseases, trauma, and
surgery.

5. Comprehensive cardicpulmonary examination.

6. Screening studies, including electrocardiogram,
chest x-ray, hemoglobin concentration, thyroid func-
tion and spirometry.

If the above is unrevealing for a cause of dyspnea,
more specific testing is required to diagnose obstruc-
tive or restrictive airway disease, pulmonary hyper-
tension, pulmonary emboli, mitral and aortic valve
disease, pericardial effusion or tamponade, pericardi-
tis, and ventricular dysfunction (Table 4).

Asthma is commonly a cause for dyspnea especial-
ly in those patients whose cause for dyspnea remains
unexplained after history, physical examination,
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Pulmonary Abdominal distention Systemic neuromuscular disor-
Airway Chest wall injury ders
Asthma Effusion
Bronchiolitis obliterans Fibrothorax Cardiac
Chronic bronchitus Kyphoscoliosis Arrhythmia
Laryngeal disease Pleural mass CAD
Tracheal stenosis Pnemothorax Intracardiac shunt
Tracheomalacia Left ventricular failure
Vascular Myxoma
Parenchymal Pulmonary hypertension Pericardial disease
Acute alveolitis Thromboembolic disease Valvular disease
Drug-induced conditions Vasculitis
Emphysema Veno-occlusive disease Other
Lymphangitic carcinomatosis Anemia
Metastatic disease Neuromuscular Deconditioning
Pneumonitis CNS disorders Gastroesophageal reflux
Pulmonary edema Myopathy and neuropathy Hyperthyroidism or hypothy-
Pulmonary fibrosis Phrenic nerve and diaphrag- roidism
matic disorders Metabolic acidosis
Pleural or chest wall Spinal cord disorders Psychogenic

chest x-ray and spirometry. Pharmacologic bron-
choprovocation challenge (BPC) is useful in identify-
ing these patients [Pratter 1991].

Pratter reported on one hundred consecutive
patients referred to a pulmonary disease clinic
[Pratter 1989]. Causes included asthma (25%), inter-
stitial lung disease (12%), COPD (12%), cardiomyopa-
thy (9%), upper airway disease (7%), deconditioning
(4%), GER (4%), psychogenic (4%), extrapulmonary
(3%) and other (5%).

Depaso reported on seventy-two patients who were
referred by other physicians (over a seven year peri-
od) for dyspnea greater than one month duration,
unexplained by history, physical examination, chest
roentgenogram and spirometry [Depaso 1991].
Frequency of individual causes are shown in Table 5.

A definite cause for dyspnea was found in 58
patients (81%), and no answer was found in 14
patients (19%). Dyspnea was due to pulmonary dis-
ease in 36%, cardiac disease in 14% and extrathoracic

Table 4. Specific Testing for Unexplained Dyspnea [Gillespie 1994].

Pulmonary

Flow-volume curves

Total lung capacity

Carbon monoxide diffusing capacity of the-
lungs

Oximetry or arterial blood gasses during exer-
cise

Bronchoprovocation testing

Maximal inspiratory and expiratory respiratory
pressures

Vascular
Ventilation-perfusion lung scanning
Venous studies of the legs

Cardiac
Echocardiography

Additional Procedures for Difficult Cases

Cardiopulmonary exercise testing

Monitoring of cardiac rhythm

Radionuclide cardiac studies

Right or left heart catheterization

Pulmonary angiography

High-resolution computed tomographic scan-
ning of the chest

Lung biopsy

Monitoring of esophageal pH (24 hour study)
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Table 5. Causes for Chronic Dyspnea in 72 Specialty-Referred Patients [Depaso 1991].

Respiratory disease
Airway obstruction
Asthma/reactive airway disease (n=12)
Endobronchial malignancy (n=1)
Extrathoracic upper airway obstruction (n=1)
Parenchyma
Interstitial lung disease (n=2)
Bullous disease (n=2)
Chronic lower resp. bacterial infection (n=1)
Pulmonary vascular
Pulmonary embolism (n=3)
Primary pulmonary hypertension (n=1)
Respiratory muscle weakness
Myasthenia gravis (n=1)
Lower motor neuron disease (n=1)
Chest wall
Pectus deformity (n=1)

Cardiac Disease
Myocardial

CAD (n=4)

Cardiomyopathy (n=2)
Conduction

Arrhythmias (n=2)

Intracardiac shunt (n=1)

Constrictive pericarditis (n=1)

Central Nervous System
Hyperventilation Syndrome (n=14)

Thyroid Disease
Thyrotoxicosis (n=1)
Myxedema (n=1)

Kidney
Metabolic acidosis (n=1)

Gastrointestinal reflux (n=3)
Deconditioning (n=2)
Unexplained (n=14)

disease in 4%.
Their conclusions were as follows:

1. Most but not all patients will have a recognizable
disease to explain their dyspnea.

2. The disease spectrum is extensive resulting in a
very broad differential diagnosis.

3. Neither the duration nor severity of dyspnea pro-
vided diagnostic insight.

4. Age younger than 40 years, intermittent dyspnea,
and normal alveolar-arterial oxygen pressure differ-
ence (P[A-a]])O2 at rest breathing room air was
strongly predictive of bronchial hyperactivity or
hyperventilation.

5. With the exception of BPC, the diagnostic yield of
any single non-invasive test was poor because of the
large number of diagnosis seen in these patients.

6. All patients approaching diagnosis of “unex-
plained” or hyperventilation should have a BPC test.

7. Patients with a P(A-a)02 <= 20 mm Hg are very
unlikely to have occult pulmonary parenchymal or
pulmonary vascular disease to explain their dyspnea.

ACUTE DYSPNEA CONSIDERATIONS

Acute dyspnea usually represents a sudden event
that leads to pathophysiologic disturbances at rest.
These include acute asthma, allergic reactions, upper
airway obstruction, pneumothorax, pulmonary
edema, pulmonary embolism, myocardial infarction,
pericarditis, pericardial effusion, and sudden cham-
ber wall or valvular injury following infarction.

These patients may be at acute risk and require
prompt evaluation of oxygenation, supplemental oxy-
gen support (and ventilation if necessary), as well as
determination and correction of the underlying cause.

Oxygen Transport

Adequate tissue oxygenation depends on hemoglo-
bin concentration, the percentage of hemoglobin satu-
rated with oxygen in arterial blood (Sa02), cardiac
output (CQO), oxygen consumption (VO2), the affinity
of hemoglobin for oxygen (P50) and the distribution
of perfusion.

Normal compensatory mechanisms are typically
disturbed in critically ill patients, and shifts in the
oxyhemoglobin dissociation curve (Fig. 1) such as
from acidosis or alkalosis may profoundly impact oxy-
gen content and delivery.

The curve may be shifted to the right with
improved oxygen unloading (decrease in the affinity
of hemoglobin for oxygen) at the tissue level by
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Figure 1. Oxygen dissociation curve [Snyder 1987].

increased blood temperature, carbon dioxide, hydro-
gen ion concentration, 2,3-DPG, intercellular sodium,
and hemoglobin concentration.

The curve may be shifted to the left by hypother-
mia, hypocarbia, alkalosis, anemia, and decreases in
2,3-DPG or sodium.

Although methods exist for approximating oxygen
consumption in critically ill patients, they are techni-
cally difficult and may not give clue to individual
organ metabolism. In summary, it is best simply to
maximize oxygen transport to support the greater
than normal metabolic rates.

Tissue oxygenation depends on both oxygen satu-
ration and rate of flow:

DOg = CO x CaOg x 10 (ml/min)

DOg is oxygen delivery, CO is cardiac output and
CaQg is arterial oxygen content.

If cardiac output is severely depressed despite
improvement in arterial oxygenation, oxygen trans-
port may be worsened. It is necessary to consider all
factors that contribute to oxygen supply and not rely
solely on the level of arterial oxygen saturation
improvement [Edwards 1993], [Snyder 1987].

Oxygen Consumption (VOg)

The amount of oxygen utilized is normally deter-
mined by the body's energy requirements, and can be
calculated from the Fick equation [Dantzker 1991]:

VOg = VI x FIOg - VE x FEOy
= CO x (Ca0q9- CvO9) x 10
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VI and VE are the inspired and expired minute
ventilations, FIOg and FEOg are the inspired and

expired fractional concentrations of oxygen, CO is the
cardiac output, and CaOg and CvOq are the arterial

and mixed venous oxygen content.

In a steady state condition the amount of oxygen
taken up by the tissues is equal to the amount taken
up in the lung, so that VOg can be calculated from

either the gas side of the system, measuring the dif-
ference between the amount of oxygen in the inspired
and mixed expired gas, or the blood side as the prod-
uct of the cardiac output and the arterial-venous oxy-
gen difference.

Pulse Oximetry, Mixed Venous Oxygen Tension,
Continuous Venous Oximetry

Pulse oximetry is commonly used for measuring
arterial oxygen saturation (SaOg) (Fig. 2).

It is based on the principle that oxyhemoglobin
and reduced hemoglobin have different light
absorbance characteristics.

Drawbacks include false-high readings when high
carboxyhemoglobin or methemoglobin. Other false
readings with jaundice, skin color, nail polish, shock
and severe hypoxia.

Mixed venous oxygen tension (PVOg) may be the

most reliable single physiologic indicator for monitor-
ing the overall balance between oxygen supply and
demand.

Mixed venous blood is a flow-weighted mixture of
all blood that has traversed the systemic vascular
beds and may best be sampled from the proximal
pulmonary artery.

Marked venous hypoxemia (PVOg < 27 mmHg)

and lactic acidosis is associated with high mortality.

Figure 2. The Nellcor® Pulse Oximeter.
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Table 6. Interpreting Arterial Blood Gases.

Condition Findings Cause
Respiratory Acidosis (PaC02 > 45) + (pH < 7.35) Inadequate ventilation
Metabolic Acidosis (PaC02 < 35) + (pH < 7.35) H+ buildup
Respiratory Alkalosis (PaC02 < 35) + (pH > 7.45) Increased ventilation
Metabolic Alkalosis (PaC02 > 45) + (pH > 7.45) Volume depletion or low K+

Mizxed venous oxygen tension does not indicate if a
specific organ is under perfused or the distribution of
perfusion. Another drawback is that in critically ill
patients the central venous sample may not repre-
sent a true mixed venous sample.

Fiberoptic catheters for continuous analysis of
blood oxygen saturation (SvOg) has increased in pop-

ularity since first introduced in 1972 (Fig. 3). The
SvOgq reflects the overall balance between oxygen

supply and demand. Calibration with a mixed venous
sample and catheter position are important.

The normal range is 0.68-0.77. High values indi-
cate an increase in delivery relative to consumption,
and is associated with cirrhosis, sepsis, peripheral
left-to-right shunting, cyanide toxicity, arterial
hyperoxia or technical problems (calibration error,
wedging of the catheter).

Low values may be associated with anemia, arteri-
al oxygen desaturation, increased oxygen consump-
tion or decreases in cardiac output. A rapidly falling
Sv02 may proceed a major cardiovascular complica-
tion.

Interpreting arterial blood gases for acid-base bal-
ance is also important, and Table 6 allows for distin-
guishing respiratory from metabolic disorders

Figure 3. The Abbott Oximetrix® for measuring continuous
mixed venous oxygen saturation.

[American Heart Association 1987].
[Martin 1992], [Nelson 1987], [Nelson 1992],
[Snyder 1987], [Vincent 1992].

TREATMENT OF DYSPNEA

Foremost in treatment of the acute or chronic dys-
pneic patient is correction of the underlying cause.
Recognition and intervention in acute dyspnea may
be life saving, while treatment of chronic dyspnea
may improve quality of life.

An excellent review of evaluation and treatment of
dyspnea in elderly patients has been published
[Silvestri 1993].

Tobin reviews use of brochodilator therapy,
diazepam in COPD patients, opiates, oxygen therapy
and sitting near an open window or fan in care of
dyspneic patients [Tobin 1990].
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Introduction 1

Overview

The Dynacath Critical Care Patient Simulator™ has been developed for
training, certification, modeling, and demonstrating problems in the manage-
ment of critical care patients. The simulator consists of an Apple Macintosh®
computer and software, and a replica of a human torso designed to enable
students to practice critical care medicine. The computer displays patient
histories, laboratory results, treatment options, patient responses, and a real-
time cardiac monitor. The torso apparatus is used to practice insertion of a
hemodynamic monitoring catheter, while the cardiac monitor displays catheter
pressure as the catheteris advanced into the heart, pulmonary artery and wedge
position.

Special calculators in the program may be used to determine hemodynamic,
respiratory, ventilatory, and renal function indices.

In contrast to previously described simulators and computer oriented in-
structional programs, this system contains no inherent database. Instead,
authorsbuild alibrary of informative cases by using hardware and software tools
provided. Individual "modules" of patient information are authored, and these
are transparently linked together as a student undertakes management of a
patient.

Designed to be educational for both instructors (“authors”) and students
(“trainees”) alike, the simulator should provide years of service, and will grow
more valuable as your instructional curriculum develops.

Trainees may develop manual dexterity skills in performing cardiac
catheterization, and cognitive skills in interpreting cardiac rhythms and hemo-
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dynamic data.

Authors build a library of informative cases by using hardware and software
tools provided. Expansion and modification of the database islimited only by the
amount of computer storage media available. This method promotes timeliness
and quality of the instructional material by allowing incorporation of recent
literature, tailoring of cases to specific audiences and customizing for regional,
social or philosophical approaches to certain management problems.

Suitable medical conditions for presentation include arrhythmias, cardiac
tamponade, cardiomyopathies, congenital defects, constrictive pericarditis, fluid
and electrolyte disturbances, myocardial infarctions and complications, post-
operative conditions, pulmonary disorders, shock and valvular defects.

Potential users include medical and graduate students, residents, subspe-
cialty trainees, hospital medical staff, nursing staff, and technicians.

Hardware

The system consists of an adult torso made of rigid polyethylene, with access
ports for right-heart catheterization from the medial basilic vein in the ante-
cubital fossa, the subclavian vein, and the internal jugular vein. Catheterization
is possible from the right side only. An internal guideway leads the catheter to
precision aligned rollers that rotate an optical encoder. The optical encoder
provides catheter position and direction of motion information to the computer.
A three-way adaptor is connected between the catheter and balloon syringe,
diverting air into a durable internal balloon. A sensor determines the balloon
inflation status, and this information is also provided to the computer. A single
cable connects the torso apparatus to the computer's modem port, and power is
provided through a UL-approved power supply.

Software

The software is written in Macintosh Programmers Workshop (MPW) Pas-
cal®, and compiled into machine code for distribution. Two levels of operation are
available: a case input and development function for authors, and a simulation
function for trainees. A computer keyboard is not necessary during simulations;
selections are made using the apparatus switches or by pointing the computer
cursor - with a mouse or trackball - to suitable screen buttons and controls
(Macintosh User Interface).
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Installation & Startup Guide

Unpacking

Inspect all shipping cartons for damage prior to opening, and report any
visible damage to your carrier immediately.

You should have received from Dynacath the simulator torso apparatus,
attachments, manual and software. A digitizing tablet is offered as an option for
direct entry of existing waveforms into instructional cases.

Save the original shipping carton in the event that is necessary to return the
torso apparatus.

Setup

Static may damage the simulator as well as the computer, and should be
minimized. Discharge mats can significantly reduce this hazard. The torso
apparatus should be placed to the left of the computer to allow access to the
catheter insertion sites.

WARNING: The torso apparatus should not be left standing on end,
and should be mounted on a stable , flat surface for use.

Macintosh Computer

Version 2.52 of the Dynacath software requires an Apple Macintosh com-
puter with a color display, minimum size of twelve inches. The computer should
have at least 4 megabytes of RAM and a 40 megabyte harddrive. System 7.1 or
later is preferable.

"Help balloons" provide for immediate direction as to the function of each
menu item as you use the program. System 7.1 allows you to easily turn the
balloons off or on.

The software is not copy protected and you are encouraged to make a backup
copy for storage in a safe place, or for remote authoring.

System 7.1 allows multiple applications (programs) to be running at the same
time. It is recommended that you close all other applications to prevent acciden-
tal loss of data and interference with the cardiac monitor display.

Some INIT files in the System folder may interfer with operation of the
program. Start or restart the computer by simultaneously holding down the shift
key until the "Welcome" display and "Extensions off" phrase appear. Alterna-
tively, you may remove selected INITS from the system extensions folder in
advance, and then restart normally.

The program is compatible with Capture® (a program by Mainstay for
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capturing screen images for archiving or publication purposes).

CAUTION: Do not use screen savers (ie. After Dark®) or terminal
programs (ie. AppleShare®) while using the Dynacath software. Turn
extensions off or remove from the System extensions folder.

Connections

The torso apparatus has two connectors on the back, one for power and
the other for interfacing to the Macintosh computer. With the power off,
connect the wall-mount power supply to the torso apparatus, and the inter-
connecting cable to the modem port of the Macintosh. The printer port may
be optionally used, but requires that you disconnect AppleTalk by selecting
Chooser under the Apple menu, and making AppleTalk "inactive." If you
are using a digitizing tablet, this should be connected to the Apple ADB port.

WARNING: All connections must be completed with the power off to
all hardware.

Catheters

Most pulmonary artery catheters (ie. Swan-Ganz® catheter) will work with
the torso apparatus. An old sterilized catheter will work fine, regardless of the
condition of the balloon. Cleanly cut the small catheter extension (midway) going
to the syringe hub, and insert the provided three-way adaptor in-line. The
catheter should attach to the blocked end of the adaptor, and the syringe hub to
the open end of the adaptor. The assembly is then firmly attached to the port on
top of the torso apparatus enclosure (Fig. 1-1). The syringe and air control on the
hub may be used normally, and the air is diverted into a durable balloon located
inside the apparatus. The system electronically senses the state of the balloon,
and this is incorporated into the performance evaluation of the trainee.

Alittle silicone high vacuum grease should be placed on the port threads from
time to time to allow easy attachment and removal of the adaptor.

Standard catheter insertion components may be used. It helps to coat these
lightly (wipe down) with a silicon spray commonly used with training manikins.
It is unnecessary to “penetrate” the torso because access ports are already
present. (There are less expensive training models generally available for vein
locating and actual needle insertion practice.) It is recommended that you file
down the sharp end of any needles included in the catheter insertion kit.

WARNING: Do not insert sharp needles, force insertion components,
overly insert a metal guide wire, infuse fluids or inject fluids into the

torso apparatus.
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Fig. 1-1. The catheter is cut mid-way along the syringe/hub extension
(usually a red tubing), and the syringe side is connected to the open end of
the three-way adaptor. The catheter side is connected to the blocked end
of the adaptor. When the syringe is used, air is diverted into the apparatus
balloon instead of the catheter balloon.

CAUTION: Be sure to deflate the balloon prior to removing the
adaptor from its mounting, or air will be trapped inside the balloon.
This will lock the indicator in the "Balloon Inflated" position, and the
manual controls will be inoperative.

Getting Started

In addition to reviewing this manual, familiarize yourself with operation of
the computer, and follow the directions that come with the digitizing tablet.
(Authors will need to configure the digitizing tablet for their computer, including
setting the scale to match the Waveform Editor grid display with actual strip-
chart paper.) Turn on the power to the computer, torso apparatus and digitizing
tablet prior to inserting the software diskette. Once loaded into the computer, a
window should appear with a heart icon for the program, as well as folders for
Cases, Waveforms and Subjects that you author. These files should be copied to
the hard drive by simply dragging the icons to your hard drive window. Do not
rename the folders or locate them in new folders away from the program, or they
will not be properly accessed during operation.

Tobegin, double-click on the hearticon, and follow the directions in the dialog
that appears (Fig. 1-2). The simulator will automatically configure itself, and you
should see all indicator lights on the torso apparatus going off except for the
Power and Balloon Deflated lights.

WARNING: Do not turn the torso apparatus power off when the
simulator software is running. The interuption in the communication
link may cause the computer display to freeze, and datato be lost. If this
occurs, simple turn the computer off and restart.

You are now ready to author cases or manage simulated patients. If you are
using System 7.0, you can select Show Balloons under the Balloon menu
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» The torso apparatus must be connected and
the power turned on now if you wish to use
the simulator.

* Specify which port the torso apparatus is
connected to:

@® Modem Port O Printer Port (O None

* Select "Author Only" if the torso apparatus is
not connected.

[ Ready ] (Author Only) [cancel ]

Fig. 1-2. Begin by selecting Ready. If you have not yet turned on the power to the
torso apparatus, you may do so at this time. Select Cancel and turn off the
computer and torso apparatus if you need to complete or correct connections. The
modem port is selected by default. If you prefer the printer port, be sure to
disconnect AppleTalk, and then select Printer Port above. You may author
cases without the torso apparatus connected. Proceed by selecting Author Only.

heading. When you move the cursor over menu headings or items, a "help
balloon" appears, and tells you exactly what the selection does. Once you feel
comfortable with operation of the software, select Hide Balloons.

Problems

Please feel free to call or write with problems or suggestions. The Dynacath
Critical Care Patient Simulator™ has evolved to its present form because of
helpful recommendations from users. If you encounter difficulty with the
software, record carefully the steps you took that led to the problem. If you have
problems with the hardware, first try testing with the System Diagnostics
display (Chapter 2, Author Operation), and then make a record of all apparent
malfunctions.

Special educational discount pricing has been established because of the need
to encourage authoring of cases. The demonstration cases provided are just that
- demonstration cases, and not a curriculum. They were written to show you the
potential of the Simulator.

For supplimental reading see Saliterman SS: A computerized simulator for
critical care training: new technology for medical education. Mayo Clinic Pro-
ceedings 65:968-978, 1990.

Dynacath Corporation

Meadowbrook Medical Building W-110
6490 Excelsior Blvd.

Minneapolis, MN 55426

(612) 920-8773
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Author Operation 2

Overview

The Dynacath Critical Care Patient Simulator™ has no inherent knowledge
of medical illness or physiologic processes. The "knowledge base" or computer
database is derived entirely by authored material. The system provides both the
hardware and software tools to allow an author to enter all data involved in the
management problem.

The author creates a case by dividing the total management problem into
individual operations, or "modules." A module is a group of data consisting of a
history and physical exam (or subsequent progress note or consultation), study
options and results, hemodynamic data, four potential management plans and
appropriate discussion. Data is entered for the patient's initial condition, and for
the consequence of each management plan. Histories, physicals, progress notes,
and consultations are entered using standard word processing. Dialog boxes are
used to enter study options and results, hemodynamic data, management plans
and discussion.

Actual waveforms from the critical care unit or cardiac catheterization
laboratory may be used by simply tracing one or more cycles on adigitizing tablet.
The program allows an author to automatically adjust the rate and pressure of
the waveforms once they have been entered, reducing the number of waveforms
that need to be drawn. This is accomplished by numerical analysis of the drawn
waveform, and application of mathematical tools unique to computer raster
graphics presentation.

Part of one case may be shared with another-either directly or through a
library of waveforms-shortening the time it takes to author a case.

Author Operation 2-1
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Although many problems in medical management can be demonstrated with
a single module, a case consisting of multiple modules allows the trainee to
provide "continuing care" for the patient. After the first module, progress notes
or consultations are presented rather than the history and physical. During the
simulation, only those modules appropriate to the trainee's action are presented.

Authoring a case may take anywhere from an hour to several days, depending
on the number of modules needed. The author must consider the consequences of
each treatment option provided to the trainee, and enter conforming data.

An outline of the information necessary for authoring a single module is
shown in Table 2-1, and is explained in the discussion that follows.

Table 2-1. - Qutline of Information Needed for Authoring a Single Module
in Construction of a Simulated Case.

I. History and physical examination (initial module)
A. Identify with a pseudonym (base name)
B. Type appropriate information, or
Progress notes and consultations (subsequent modules)
A. Identify with an identification number appended to the base
name (eg. Smith, John[1..99])
B. Type appropriate progress note or consultation

II. Hemodynamic data
A. Enter rate & pressure data for the initial presentation and
consequence of each management option
1. Heart rate
2. Catheter pressure readings (RA, RV, PA, Wedge)
3. Arterial pressure (systolic and diastolic)
B. Enter waveform data for the initial presentation and consequence of
each management option (actual tracings may be used)
1. Rhythm strip
2. Hemodynamic monitoring catheter
3. Arterial line
C. Merge data (process waveforms to match rate and pressure)

II1. Study options and results
A. Enter studies for the initial presentation and consequence of each
management option
. General laboratory
. Cardiac studies
. Pulmonary & respiratory studies
. Microbiology
. Nuclear medicine studies
. X-Ray & imaging studies
. Oxygen saturation & cardiac output
B. Include reserved words with study results
1. "Unnecessary" and "inappropriate" synonyms
2. Performance score ({-100..100})
3. Cost of study or procedure ($n,nnn.nn)
IV. Management options

=10 U WD
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A-D. Enter up to four management plans

V. Discussion text
A. Enter up to four discussion replies to the management options above
B. Include reserved words with each discussion
1. Next module's identification number ([1..99])
(This indicates to the system which module to automatically
link once a given management option is selected)
2. "Unnecessary" and "inappropriate" synonyms
3. Performance score ({-100..100})
4. Cost of treatment ($n,nnn.nn)

Entering the History & Physical Examination

Familiarize yourself with the menuheadings across the top of the screen (Fig.
2-1), and the menu items for each heading. Only those items in bold type can be
selected - those in gray type may be selected at other times.

% File Edit EEIMGUTE iois Trainees Mg

Enter Access Code

witnr  Calculators

Enter Managament Gptians |
Enter Bisoussion Yent

System Diagnosiks __
Catheler Bistance Settings |

{ismane Bocpns e

Fig. 2-1. Menu headings and menu items for Author are shown.

Selecting Enter Access Code will bring up a dialog box for you to type your
unique code for authoring cases (Fig. 2-2). This is required for developing new
cases and modifying previously authored cases.

Authors, please enter your
access code below:

O

Fig. 2-2. Enter "1234" unless you have previously changed your access code. Select OK once
your code is entered.
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Now look at the menu items under the File heading (Fig. 2-3).

A1 Edit Author Haic
New Module... N |
New Subject... #T |
Open Module...  %H |
Dpen Subject... %0
fisse st

Sape
Sape fis...
Reuerl to Saved

Page Ssfup..
Prini...

Quit

Fig. 2-3. File items.

Select New Module and an untitled window will be displayed. Type in your
initial history and physical and select Save As (further editing can be saved by
selecting Save). You will need to provide a pseudonym (ie. Smith, John A.) to title
the module. Subsequent modules for this patient (required for “continuing care”)
should have an identification number (1-99) enclosed in brackets and appended
(without a space) to the base name (ie. Smith, John A.[1]).

The Edit menu items (Fig. 2-4) can be used to assist in entering text, and
include the ability to Cut, Copy, Paste or Clear text within the document, or
between documents.

Fig. 2-4. Edit items.

Ifyouneed to modify text or data in an existing module, select Open Module,
locate the Cases folder from the file selection dialog, and select Open. Figure 2-
5 is an example of a completed history and physical examination. Note that the
document can be scrolled by selecting controls along the right-hand margin of the
window.

2-4 Author Operation



Soreleg, lva

History and Physical

Chief Complaint:
Sore right leg calf for three days, recent shortness of breath.

Present Illness:

|va Soreleg is a 60 year old woman who complains of redness, swelling
and tenderness of the right calf for three days. Today she noticed right
lateral chest pain, worse with deep inspiration.

Past History:
Mo previous cardiac disease or other significant medical condition.

Medications:
Nane.

Allegies:
Penicillin.

Social History:
Mon-smoker and rarely consumes alcohol.

Review of Systems:
Unremarkable.

=]

Fig. 2-5. Example of a completed history and physical. Future modules for this patient would
contain progress notes and consultations instead, and would have an identification number
appended to the name above.

Once a module has been opened and saved, you have completed the first step
in authoring of a case, and are ready to enter module-specific data.

Entering Hemodynamic Data

The second step begins by enteringinitial data, thatis the hemodynamicdata
the trainee would encounterif they examined this patient prior to treatment. The
Initial item will be checked for you in the extended menu items of Select
Response, under the Data menuheading (Fig. 2-6). You only need to change this
when you are ready to enter the data that corresponds with the outcome of each
of the four management options.

Author Operation 2-5
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IFYGH Trainees  Monitor
Select Response

Calcula

v Initial
Option 1
Transfer Data option 2
Option 3
Rate & Pressure option 4

Waveform Editor
Merge Data Above

Enter Studies 4

Fig. 2-6. Data menu items, and the extended menu items under Select Response.

Select Rate & Pressure, and enter the data requested in the dialog box (Fig.
2-7). Default data will appear only if you have previously entered data. Move the
cursor to the appropriate box and type the values. To change a value, tab to the

appropriate box, and type in the new data. Select Save to keep the new data, or
Cancel to keep the old data.

(=] Rate & Pressure Data
(=a) Response: Initial

Heart Rate: IE

Pressures Systolic Diastolic

Arterial |_i_| l:l
o [ I ]

Fig. 2-7.Rate & Pressure dialog. Donot attempt to "interpret" your original waveform data, rather
enter the actual minimum and maximum pressures derived from the segment of recording
entered below. The trainee will "run a strip" when the cardiac monitor is showing, interpret the
waveform (allowing for inspiratory or mechanical ventilation variation) and select the "correct"
pressures for determining cardiac indices. Values entered here are used to correctly reproduce
the waveform and provide for values seen on the cardiac monitor. Trainees are encouraged to "run
astrip" for accurate interpretation, and to recognize the limitation of depending on values shown
on the cardiac monitor display.

Next select Waveform Editor (Fig. 2-8) and enter the waveforms required for
your case. The controls on the right-hand side will display the default data (flat-
line if no previously data has been entered).
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Patient: Soreleg, lva
3@ Response: Initial
Patient...
((tysie | 5 @ ECG
(Redraw] ) Art. Line
Coove ) -
( Done | O RY
Library... QPR
((apen | O Wedge
&] {O Narrow Trace Heart Rate 0O ﬂ@l}
@ Wide Trace Amplitude: 14

Fig. 2-8. Waveform Editor. The arrow controls (lower right) allow you to inspect the wave-
form at different rates and pressures, but do no change the data entered and saved.

Select Redraw and using the digitizing tablet (see Chapter 5: Entering
Waveforms) trace up to a three second interval of original waveform data. Hold
the top button of the cross-hair cursor down while drawing. Releasing the button
will end the segment. Draw complete cycles timed with the onset of the QRS
complex (or any other consistant reference point). The same reference point must
be used with all strips for a given patient (fine adjustment of timing is possible
later). When selecting in advance the segment of strip to use, starting and
stopping at the same baseline will produce a more natural looking display on the
cardiac monitor.

Next select Cyele, and you will be prompted to enter the number of cycles
drawn. Ideally this should be the same for each waveform entered for a given
patient. What follows is a tracing that will appear later on the cardiac monitor
(Fig. 2-8). The cycled waveform will appear smaller and with some loss of
resolution compared to the original data. However, the original data and resolu-
tion remains, and the waveform will be displayed accurately when the trainee
runs a strip of the cardiac monitor display later. Select Save and when all
waveforms are entered, Done.

Once all of the required waveforms for a given response are entered, you must
adjust the waveforms to match the rate and pressure data you entered previously.
To do this, select Merge Data Above. The merge routine can increase a drawn
waveform’s rate by about 300% or decrease the rate by 30% (Fig. 2-9). If you
requested a rate that exceeds these limits, the program will inform you, and you
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must redraw at a rate closer to desired.

ﬂ Merge Data

Electrocardiogram

Right Atrium =3

Arterial Pressure [

[Hduam:e] [ Save ][ Done ]

Fig. 2-9. This dialog appears automatically after selecting Merge Data Above. You may review
the final adjusted waveforms by selecting Advance. Align each catheter tracing with thethythm
tracing by selecting the arrow controls above. If you are satisfied with the results, and all
waveforms passed the merging process, then Save to the patient, and select Done.

Once youhave entered the initial data, repeat the process above for each of the
four management options.

You have begun the process of building a library of waveform data that may
beused in this and other modules, as well as in other cases you author. In addition
to the single waveform storage in the Waveform folder (Fig. 2-8, Open and Save
controls), data contained in a case may be transferred en block. For example, you
may wish for theinitial data of another module to be identical to the data resulting
from a treatment in the previous module. This is performed by first opening the
module requiring data, and then selecting the menu item Transfer Data (Fig.
2-10).

You first select the module and response from which the data should come, and
then select what data you want. By next selecting Ready, the data will be copied
from one module to the next, or if desired, between responses in the same module.
Data previously contained in the module will be replaced by the new data.

Once you have created five to ten modules, transferring data becomes very
helpful. For example, a set of waveforms for cardiac tamponade could be utilized
in a variety of case scenarios. Moreover, your first set of “normal” waveforms will
probably be useful in almost every case you author!
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IEI Transfer To: Soreleg, lval1l, Initial

From:
Module: Response: Data:
) Same O Initial [ Rate & Pressure Data
) Another O 0Option 1 [J waveform Data
) Option 2 [ Study Options
() Option 3 [ Study Results
() Option 4

[ Ready ] [Cancel ]

Fig. 2-10. In this example, data is being transferred to the module Soreleg, Iva[1], Option 1,
from any module we choose. Note that any response or subset of data can be transferred en
bloc to this module.

Entering Study Options & Results

Thethird stepinauthoring a caseis entry of study options and results. Review
the extended menu under Enter Studies (Fig. 2-11).

I:Eﬂ Trainees »saitnr Calculators
O SO U

Select Response b [,411]

Transfer Data Note

Rate & Pressure
Waveform Editor
Merge Data Above

jath and chest pain.

E oriented and alert. N

arinht haca Thara ig

Enter Studies General Lab
Cardiovascular 5 |
Pulmonary/Resp. :
Microbiology
adynamic monitoring cat| Nuclear Medicine I
it H-Ray & Imaging
Additional

Fig. 2-11. Extended menu items for Enter Studies.

Select any of the areas of study shown, and a dialog for entry of both study
options and results will appear (Fig. 2-12). As with the hemodynamicdata, studies
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are also entered for the initial presentation and for the consequence of each study
option. Moreover, study data may be transferred en bloc between modules or
within a module just like the hemodynamic data.

General Laboratory

|Hemalnlugy.,. i Hb=15.3, WBC=12,400, Differential is normal,
Platelets are normal. {5} $25.00

|E|e-:tru|g|es... | Na=132, K=3.9, Cr=1.0, Ca=9.6, Glu=125 {5}
$35.00

[urinalysis... | [Normal {5} $15.00

|ESH... | 35 {0} $15.00

|nPrr | 49 {10} $20.00

Fig. 2-12. First enter the studies desired on the left-hand side, then the results on the right-
hand side. When the trainee is using the simulator, they will have an opportunity to check-off
a lab and the results will be revealed. The {} indicate a point value, and the $ an amount the
test or procedure costs. Although text will scroll, do not type in more text than can be shown
in the visible rectangles above. Any additional text will be truncated when saved (this is true
for all of the dialog displays in the program).

Trainee performance is monitored for both cognitive skills in patient man-
agement and procedural skills at catheterization. The former is accomplished by
numerical score of the care delivered, determination of the numbers of unneces-
sary and inappropriate studies or treatments, and cost analysis of the care
delivered.

The author assigns a point value ({-100..100}) to each study and treatment,
allowing evaluation based on utilization and quality of care. The author also
assigns a dollar amount to each study and treatment ($n,nnn.nn), allowing
determination of the total amount of money spent in rendering the care.

Determination of unnecessary or inappropriate studies or treatments is
accomplished by automatically scanning an author's text for reserved words. An
unnecessary order would be recognized if one of the following words was used:
extra,illogical,immaterial, irrelevant, noncontributory, non-essential, superflu-
ous, unimportant or unnecessary. An inappropriate order would be recognized if
one of the following words was used: bad, contraindicated, dangerous, harmful,
hazardous, ill-suited, ill-timed, improper, inadequate, inappropriate, incapable,
incorrect, perilous, poor, precarious, refuses, risky, unable, unsafe, or wrong.
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Entering Management Options

The fourth step in authoring a case is to enter from one to four management
options. Under the Author menu select the item Enter Management Options
(Fig. 2-13).

limlm[lala Trainees Mé}if

Discontinue Authoring i

Enter Management Options
Enter Discussion Text

=T

System Diagnostics
Catheter Distance Settings

Fig. 2-13. Author menu items.

Type each of the management options in the designated boxes and Save (Fig.
2-14).

Enter Management Options
for Patient Soreleg, lval1l

Option 1 Option 2

|Im:rease Heparin to 1200 Request surgical consult for

units/hr. Place 02 mask at thoracotomy.

100%.

Option 3 Option 4

Intubate, increase Heparin to Notify family that patient is

1200 units/hour. terminal, and contact the
hospital chaplin.

[ Save ] [_ Cancel ]

Fig. 2-14. Enter one to four management plans corresponding with the hemodynamic and
study data already entered.

Entering Discussion Text

The fifth and last step in authoring a case is to enter discussion text. Under
the Author menu, select the item Enter Discussion Text, type the discussion

Author Operation 2-11



84

corresponding to the management option entered earlier, and Save (Fig. 2-15).
You should include reserved words (described earlier for use in study results),
including points, cost, and synonyms for unnecessary and inappropriate man-
agement plans. Youmay alsoinclude a module identification number in brackets
[1..99]. This indicates to the system which module to link automatically if the
particular management option is selected.

Enter Discussion Texut

Option 1

for Patient Soreleg, lval1]

Option 2

[Repeat catheterization. Notice
the elevated RU and PA
pressures of pulm. embolism
have corrected. Continue care.
[2] {20} $1000.00

Inappropriate. Thoracotomy,
and presumed embolectomy
may be necessary, however,
additional measures should be
tried. {-20} $3000.00

Option 3

Option 4

May be necessary to intubate
soon if patient worsens. Try
increasing 02 by other means.
{-5} $750.00

Inappropriate. This patient
requires further support.
Select additional studies
and/or treatment. {-20}

$250.00

[ Save ] [ Cancel ]

Fig. 2-15. Enter one to four discussions corresponding with the management options entered
earlier. Notice that reserved words, including a pointer to another module may be included
here.

That concludes the construction of a single module.

Cases with Multiple Modules

A case consisting of multiple modules allows for continuation of care. Modules
are linked by identification number, and may be grouped in numerous ways (Fig.
2-16).

Final management of the patient is dependent on the sequence or pathway of
modules presented. For example, in C, one possible pathway is: [First] - [5] - [3] -
[5] - [2] - [4]. Each management problem may end in a variety of ways, depending
on the scenarios created by the author and the action taken by the trainee.
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First Module First Module
1 2 3 4 Q1) 2 304
<<OO - M e
Module[n] Module[1] Module[2]
1 2 3 4 1 2 3 4 1 2 3 4
OO OO0 (GRS NSNS O T o0
Cc
First Module
1 2 3 4
O O
Module(1] Module[2] Module[3]
1 2 3 4 1 2 3 4 1 2 3 4
W oK
Module[4] Module[5] Cautiont — %=
1 2 3 4 1 2 3 4
T

Fig 2-16. Multiple module cases. A - Schematic representation of a first module with four branch
points, and one linked module. B - First module and two linked modules. It is not permissible to
have asingle managementoptionlink to twomodules. C- Illustration of the multiple capabilities
of the linking operation. Notice that it is possible for more than one module to branch to the same
module, and that modules can link back to modules already presented. Be careful of recursive
linking, so that the trainee does not become caught in an endless management loop.

Author Responsibility

Each author must be responsible for the validity of the curriculum developed.
This is particularly important if the system is going to be used for testing or
certification purposes. Because no standard of care is purported by the system,
authors must give the same attention to detail and accuracy of cases as they would
a lecture or publication.

Once a case has been created it should be observed in use to ensure its clarity,
utility, and module-to-module consistency.

To enter waveform data, instructors must have either (1) a complete under-
standing of the hematologic consequences of the disease or therapeutic in-
tervention, or (2) representative data (actual patient tracings) for direct entry
into the case.

Before using the system, trainees should be oriented to the torso apparatus

Author Operation 2-13
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and Macintosh computer, as well as instructed in the proper technique for
insertion of a catheter. Once this orientation has been completed, they may work
independently with the system and may check their own performance at any
time.

Once created, cases may be modified at any time or deleted entirely. Moreover,
they may be exchanged with other system users by simply copying and exchang-
ing disk media.

System Diagnostics

When the machine is first installed, or if problems arise, selecting System
Diagnostics under the Author menu can be of assistance (Fig. 2-17). This
display allows you to test the optical encoder that senses catheter position, as well
as the control panel on the torso apparatus. Notice that you can depress the
switches on the apparatus, and the corresponding indicator on the computer
display will flash on and off. The reverse is also true, selecting the display button
will cause the apparatus indicator to flash on and off.

System Diagnostics

Encoder Dalue... 0 Catheter Location... Not In Heart

Dynacath Critical Care & Hemodynamic Monitoring Trainer

@ @ (@] @] O
08 O 0 ®s
Power ECG Arterial Ball Ball Sp I Clear

Line Inflated Deflated Studies

Do not turn power off during testing.
(N=No operation, R=Resets only, $5=Sets only.)

Fig.2-17. Trainer Diagnostics display. Proper operation of the system can be determined by first
selecting the buttons above, and confirming that the corresponding indicator on the control panel
flashes on and off. N = no operation, S = sets the indicator only, and R = resets the indicator only.
The next stepis to press the switch on the control panel, and confirm that the simulated indicators
above flash on and off. Finally, the catheter should be advanced into the torso apparatus, and the
Encoder Value should be observed to rise uniformly. The encoder can be reset by selecting the
heart icon on the right-hand side of the display. Notice that the Catheter Location will change
when the encoder value matches the catheter distance setting (see below).

Changing Catheter Distance Settings
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Select Change Distance Settings under the Author menu (Fig. 2-18).
Based on personal preferences or known anatomical differences for the patient
group you wish to simulate, you may wish to alter the distances to various
anatomical locations within the heart. The values shown initially are the default
values.

Catheter Distance Settings

1. Right Atrium Encoder Value (>0) |5

2. Tricuspid Valve Encoder Value 200

3. Pulmonary Valve Encoder Ualue 350

4, First Wedge Encoder Value 500

5. Second Wedge Encoder Value 600

6. "Missed Heart" Probability (%) 0

7. "Missed Heart" Encoder Value 0

8. "Pull Back" Encoder Dalue D

Fig. 2-18. Entry of catheter distance settings and probability of “missing” the heart during
placement of the catheter.

Customizingthe distance settingsis a two-part process. Youmust first use the
System Diagnostics display to determine encoder values that correspond with
distances the catheter has been advanced. Start by advancing the catheter until
the encoder value begins to increase. This occurs as soon as the catheter encoun-
ters the internal optical encoder. The distance you have advanced the catheter is
the minimum distance (encoder value = 1) that you may assign to the right atrium
(or superior vena cava) This distance is determined by the physical limitations
imposed by the torso apparatusinternal guide-way. Advance the catheter to your
pre-selected distances and record the encoder value. Next enter and save these
values in the Catheter Distance Settings dialog.

You may optionally select a percentage of time that the catheter does not
enter the heart (ie. crosses the chest, goes into the neck or down the inferior vena
cava). If this is anything but zero, you must select a distance (encoder value) at
which the system will make this decision, and another value that the system
expects the catheter to be pulled back to before allowing it to be re-advanced
properly. From the trainee’s perspective, they must recognize that the heart has
been missed, pull the catheter back, and advance again.

Two wedge positions are specified in order to allow you to reach a wedge
position without inflating the balloon. The first wedge position is for when the
balloon is inflated, the second is for when the balloon is deflated. By having both
values specified, you may observe the pressure change from wedge to pulmonary
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artery by simply deflating the balloon once wedge is obtained. The converse is also
true, inflating the balloon will change the pressure from pulmonary artery to
wedge, solong as the tip of the catheter is at a distance between the two numbers
entered above. This adds to the realism of the procedure.

Creating Subject Documents

Subject documents are background information provided by authors for
trainees. This includes general information, bibliographies or continued discus-
sion of certain cases or diseases. The process is identical to creating a history and
physical examination document, except that you select New Subject under the
File headinginstead of New Module. Simply type the document using the same
editing features you are already familiar with, and select Save As to name and
storein the Subject folder. The trainee may then later search through the Subject
folder for topics of interest, or be directed to review a specific topic from within a
case.

End of Session
To complete your authoring session with the simulator, select Discontinue
Authoring under the Author menu. You may end your session with the

simulator by selecting Quit under the File menu. Be sure to turn off the power
to all equipment before disconnecting cables.
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Trainee Operation 3

Overview

The trainee begins a simulation by selecting a patient from the Cases folder
and reviewing the initial history and physical examination information pro-
vided.

As in real life, trainees may order studies, select a management plan, seek
consultation, or connect the patient to a cardiac monitor. Immediate feedback,
or discussion is available for each management plan selected. Studies are
performed by selecting from study alternatives programmed by the author.
Similarly, a management plan is selected from choices provided by the author.
Once a plan has been selected, all data change to conform with the intervention.
Cardiac catheterization may be performed at any time by simply selecting the
cardiac monitor from the computer menu, and introducing a catheter into the
torso apparatus. The initial data presented (including both digital and analog
display of waveforms), undergo real-time changes that correspond with the
treatment given. This is made possible by the author's having previously entered
the data as a consequence of the selected management.

Care is continued by reviewing progress notes and consultations, ordering
additional studies, and selecting additional management alternatives. Contin-
ued careis possible because of automatic linking of previously authored modules.
The care rendered may improve, worsen or cause no change in a patient's
condition. Final management of the patient is dependent on the sequence of
modules that occur, and may vary from one trainee to the next.

Trainee Operation 3-1
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Reviewing the History & Physical Examination

The simulation begins by selecting the Open Chart item under the File
menu heading (Fig. 3-1), locating the Cases folder in the file dialog that appears,
and opening the appropriate chart. A history and physical examination is
displayed in a window on the Macintosh computer screen. You can scroll through
the chart by selecting the controls on the right-hand side of the window.

Iﬂu[dit Author Eat:

New Madule...
Nep Subjent..

Open Chart... %H
Open Subject... 30
{inse i
fape

Sape fHe...

Reuert 1o Sapad

Page Setup..
Print...

Quit %0

Fig. 3-1. File menu items.

Ordering Studies

Once the chart has been reviewed, you may select any of the bold-type items
listed under the Trainee menu (Fig. 3-2). Items in gray-type can not be selected.
Notice the extended menu for Order Studies. The gray-type items may become
bold-type later or not at all, depending on what has been authored previously.

LUEGILEEI Monitor Calculators
Order Studies
Select Management
Discuss Management
fontinue Lare...

General Lab
Cardiovascular
Pulmonary/Resp.
Microbiology
Nuclear Medicine
H-Ray & Imaging
Additional

y

piratory

Check Performance

Kepiews Lharl..
Relura...
Restart Simulation

plaing of redness, swrdiac Output |
Todan she nnticed rin -

Fig. 3-2. Trainees menu items, and the extended Urder Studies menu items. The Oxygen
Sat. & Cardiac Output display may also be called directly from the torso apparatus console
by pressing the Special Studies button when the cardiac monitor is being displayed. When
done ordering studies, select OK on the display that appears.
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The trainee may select from the study options, or proceed directly with a
management plan after reviewing the presenting history and physical. Stud-
ies are ordered by selecting from the list of options provided in the dialog that
appears (Fig. 3-3).

Er——
H-Ray/Imaging Studies
Fl

Chest PR & R Lat... Nodular or inflammatory infiltrate in the right

base. $45.00
X Head CT... Unnecessary. $125.00
BJ venogram... Right leg venogram confirms deep venous

thrombosis of the calf veins. $125.00

Fig. 3-3. A study is ordered by checking the box on the left-hand side of the display, and the
result is displayed on the right-hand side. The system keeps score on the studies ordered,
determines unnecesssary or inappropriate orders and tabulates cost of care.

You may return to this display later to review the results or order additional
studies. However, once you have selected a management plan, the study options
and results may change. For example, an initial review of a chest x-ray may show
congestive heart failure. After appropriate management a repeat film may show
this has cleared. If inappropriate care is delivered, a repeat film may show
significant worsening!

Using the Cardiac Monitor and Torso Apparatus

If appropriate, the trainee may connect the patient to a cardiac monitor by
selecting Show Cardiac Monitor under the Monitor menu (Fig. 3-4).

i IUTRGT @ Calculators
Show Cardiac Monitor |
Beep On

Narrow Trace

Run Strip

Fig. 3-4. The Monitor menu.
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Show Cardiac Monitor changes to Hide Cardiac Monitor, and must be
selected to remove the monitor display from the screen later. Placement of a
pulmonary artery catheter should be done only when the cardiac monitor is
showing. Selecting Beep On will make the display more realistic, and selecting
Narrow Trace will provide a sharper waveform.

Once the monitor is showing (Fig. 3-5), the torso apparatus control switches
may be used, and a pulmonary artery catheter may be inserted into the patient.
Select ECG and/or Arterial Line on the apparatus control panel, and if data has
been entered by the author, waveforms will appear on the cardiac monitor.

HEART RATE

BEATS/MIN

CATHETER PRESSURE

5/D MEAN

ARTERIAL PRESSURE

Dyneceth Moniter

Fig. 3.5. Simulated cardiac monitor.

Most pulmonary artery catheters (ie. Swan-Ganz® catheter) will work with
the torso apparatus. (Please review the section Catheters in chapter 1 for the
correct use of a catheter with the torso apparatus.)

WARNING: Do not insert sharp needles, force insertion components,
overly insert a metal guide wire, infuse fluids or inject fluids into the
torso apparatus.

If you do not have a syringe available, or are unable to secure the catheter to
the adaptor or port on the enclosure, you may instead simulate the process by
selecting the Balloon Inflated or Balloon Deflated switches on the apparatus
control panel. Do not use these switches if you are using an actual syringe. The
indicators will read correctly by either method.

The Clear switch may be used after withdrawing the catheter ifthe catheter
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position and display appear out of sync. This problem may arise if the catheter
is moved at times other than when the cardiac monitor display is showing. There
is no harm in simply pulling the catheter out between cases, as the system will
clear itself when a new case is started.

The Special Studies switch may be used to call up the Oxygen Sat. &
Cardiac Output display while the cardiac monitor is showing.

Running a Strip

‘When the cardiac monitor is showing, it possible to run a strip of the present
ECG and pressure tracing (Fig 3-6). It is necessary to do this if accurate
determination of systolic, diastolic and mean pressure data is to be obtained.
Moreover, proper timing of pressure data with the ECG is necessary for
identification of the components of the pressure waveform (a, ¢, x descent, v, y
descent).

96

200

150

100 . g g R ST ‘;

50

(catheter | [ Arterial | [ Timing Line | [ MAP Line | [ Done |

Fig. 3.6. Run strip feature. Both the ECG and selected pressure (including artrial line) may be
displayed, and a timing line inserted for accurate interpretation of the waveform components.
The CVP (above), PAM, PAW and MAP should be individually identified, and the information
is automatically transferred to the Cardiac Indices calculator.
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Selecting a Management Plan

Four management plans are available at any given time, and these can be
chosen by selecting the item Select Management under the Trainees menu
(Fig. 3-7). Once a plan has been selected, all studies and the cardiac monitor
display change based on the plan selected. For example, follow-up studies may
be ordered, the ECG reviewed, or the patient may undergo right-heart catheteri-
zation.

Select Management Option
for Patient Soreleg, lva

) Option 1 > Option 2

Start Heparin 3000 units stat, Start a nitroglycerin drip,
then 1000 units per hour. order cardiac enzymes, and
Recheck PT in three hours. apply moist leg wrap.

Apply warm moist leg wraps.

{ Option 3 (O Option 4
Schedule a right leg Discharge on ASA one bid.
arteriogram.

[Imp!ement] [ Cancel ]

Fig. 3-7. One of four management plans may be selected at a time. After selecting the round
button above an option, select Implement.

Discussion

After selecting a management plan, you should select Discuss Manage-
ment under the Trainees menu, and receive immediate feedback about your
management choice (Fig. 3-8). You will need to consult this area before advanc-
ing further in the case.

Itis possible to “change your mind” and select a different plan at this juncture.
Your performance evaluation will take this into account however.

Continuing Care
If the Continue Care item is in bold-type, you may continue the patient’s

care by selecting this item. The patient’s chart will automatically open with a
progress note or consultation - dependent on the managment plan you chose. You
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are now presented with new study options and results, as well as new manage-
ment alternatives.

Discussion of Management
for Patient Soreleg, lva
Dption 1 Option 2

Good choice. Patient does well
the first 24 hours, then
becomes very short of breath.
Continue care. $500.00

Option 3 Option 4

Fig. 3-8. Discussion, or immediate feedback is presented for each management plan.

Time Traveling!

Itis possible togobackin time and review old chart notes, studies, results and
management options by selecting Review Chart. Each time you select this
option, you move further back in time. To move forward in time select Return.
Repeatedly selecting this item will bring you back to the present!

You may also select Restart Simulation to quickly prepare the case for the
next trainee.

Performance Evaluation

Trainee performance is monitored for both cognitive skills in patient man-
agement and procedural skills at catheterization (Fig. 3-9). The former is
accomplished by numerical score of the care delivered, determination of the
numbers of unnecessary and inappropriate studies or treatments, and cost
analysis of the care delivered.

This concludes discussion of the method for trainee operation of a patient
simulation.
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Trainee Performance
Score = 5

I. Cost for managing this patient is $2025.00 .

. Balloon was down entering the pulmonary artery.

. Catheter was in wedge position for 17 secs.

. Balloon was up backing across the pulmonary valve.
. 5 unnecessary orders were given.

e b N

. 3 inappropriate orders were given.

Fig. 3-9. The Trainee Performance display may be reviewed at any time while managing a
patient, and results will be accumulative, or representative of the last catheterization per-
formed.

Subject Review

Select Open Subject under the File menu and locate the Subject folder in
the file selection dialog that appears. Open the folder, and select for review any
topic that may be of interest. The subject text will appear in a window, and can
be scrolled through by selecting the controls on the right-hand side of the display
(Fig. 3-10).

End of Session

If you wish to leave the present case, select Hide Cardiac Monitor under
the Monitor menu if the monitor is showing, then select Close under the File
menu.

To complete your session with the simulator, exit the program by selecting
Quit under the File menu. Be sure to turn the power off to all equipment before
disconnecting cables.
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Normal Pressures HIE
]
MNormal Pressure Values:
a/systole v/diastole mean/end-d
Superior Yena Cava (a/v/m) <8 <8 2-6
Right Atrium (a/v/m) <8 <8 2-6
Right Ventricle (s/d/end-d)  20-30 0-5 2-6
Pulmanary Artery (s/d/m) 20-30 10-20 10-15
Pulmonary Art. Wedge (a/v/m) <12-15 ¢<12-15 4-12
|Fr0m Daily EK and Schroeder JS: Techniques in bedside hemodynamic
monitoring. Masby, 1985.
o]
[

Fig. 3.10. Example subject document.

Trainee Operation
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Calculator Operation 4

Overview

There are four calculators available for determining essential indices of
cardiopulmonary and renal function. One of these, the Cardiac Indices Calcula-
tor, is dynamically linked to the cardiac monitor "run strip" display, allowing a
trainee to identify the correct pressure, and have the information automatically
placed in the calculator for determination of indices.

Selection

Under the Calculator menu heading select the specific calculator desired
(Fig 4-1)

Calculators

Cardiac Indices

Respiratory Indices
Uentilatory Indices
Renal Function Indices |

Fig. 4-1. Calculator menu items.
Cardiac Indices Calculator
The Cardiac Indices Calculator takes as input the patient’s cardiac output,

heart rate, mean arterial pressure, central venous pressure, pulmonary artery
mean pressure, pulmonary artery wedge pressure, weight and height (Fig. 4-2).

Calculator Operation 4-1
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Cardiac Indices Calculator

o [5]oesn EEEE oo DN
HR 106 o Bl o BEEE

MAP |85 su [ sy
e [a s EEEE vsw B
PAM |14 sk [EE  rcv R

PAW |13 sorl EIEEE rcw [
wt 70 roe N rvse EEEEER
Ht 123 rort [EEEE  svsw ENEEEE

Fig. 4-2. Cardiac Indices Calculator.

Once all values have been entered on the left-hand side of the display,
selecting Calculate will force output values for the body surface area, cardiac
index, stroke volume and index, systemic vascular resistance and index, pul-
monary vascular resistance and index, left cardiac work and index, left ventricu-
lar stroke work and index, right cardiac work and index, and right ventricular
stroke work and index.

Trend for Key Hemodynamic Indices
#1 #32 #1 #2
co: 3.2 5.0 BSA: 1.66 1.66 -
HR: 110 106 Cl: 1.9 3.0
MAP: 80 85 su: 29 47
cop: 7 8 SUI: 17 28
PAM: 16 18 SUR: 1824 1231
PRI: 13 13 PUR: 75 80
LUSWI: 16 28
RUSWII: 2 4
[Increase # | [Decrease # | [ Done |

Fig. 4-3. Trend for Key Hemodynamic Indices display. Up to five sets of data may be saved
and shown here for comparison.
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s Dariable: PUR

e Definition: Pulmonary Uascular Resistance
« Derivation: 79.96*(PAM-PALL)/CO

+ Normal Range: 100-200 dynes*sec/cm” 5

* Comments:

Fig. 4-4. Example of the expanded definition display for pulmonary vascular resistance. The
comment area is available for authors to convey additional information to trainees. Entry of
text in the comment area is possible after entry of a proper access code under the Author
menu heading.

Trend for Key Hemodynamic Indices

Selecting Save in the Cardiac Indices Calculator will store several indices for
trend comparison (Fig. 4-3). Up to five sets of data may be stored. Selecting Clear
All will clear not only the calculator, but also the trend data. Moreover, selecting
a new patient chart will clear the trend memory.

Expanded Definition Display

Selecting any input or output title on a calculator will bring up a display (Fig. 4-
4) showing the definition, derivation and if previously authored, normal range
and comments. (The latter areas may be authored after an appropriate access
code has been entered under the Author menu.)

Respiratory Indices Calculator

The Respiratory Indices Calculator takes as input the cardiac output,
fraction of inspired oxygen, partial pressure of oxygen in arterial blood, partial
pressure of carbon dioxide in arterial blood, percent arterial oxyhemoglobin
saturation, venous partial pressure of oxygen, percent venous oxyhemoglobin
saturation, hemoglobin, height, weight, and barometric pressure (Fig. 4-5).

Calculator Operation 4-3
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Respiratory Indices Calculator

Calculate co Ht
FiD2 Wt
Clear Results
Pa02 PB
Clear AN PaCD2
$a02
Pu02 caoz [EEE
su02 cvoz  [EER

Fig. 4-5. Respiratory Indices Calculator.

Calculated output data are arterial oxygen content, venous oxygen content,
arteriovenous oxygen difference, oxygen availability and index, oxygen con-
sumption and index, oxygen extraction ratio, alveolar-arterial oxygen differ-
ence, percent shunt, and body surface area.

Ventilatory Indices Calculator

The Ventilatory Indices Calculator takes as input the respiration rate,
arterial partial pressure of carbon dioxide, tidal volume, peak inspiratory
pressure, positive end-expiratory pressure, and pressure of expired carbon
dioxide (Fig. 4-6).

Calculated output values are minute volume, compliance, dead space, dead
space/tidal volume ratio and alveolar ventilation.

Renal Function Calculator

The Renal Function Calculator takes as input data the serum sodium, serum
creatinine, plasma osmolarity, urine osmolarity, urine creatinine, urine sodium,
urine potassium, urine volume, blood urea nitrogen, height and weight of the
patient (Fig. 4-7).
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Dentilatory Indices Calculator

Calculate RESP || minvo IR i

Pac02 coqe [N

Clear Results

w va N

Clear All PIP va/vt [N
PEEP aLvent EEE
PECO2

Fig. 4-6. Ventilatory Indices Calculator.

Calculated output data are urine sodium excretion, urine potassium excre-
tion, urine sodium to potassium ratio, fractional excretion of sodium, creatinine
clearance, osmolar clearance, free water clearance, nonsaline loss, blood urea
nitrogen to creatinine ratio, urine serum creatinine ratio, urine plasma osmolar-
ity ratio, and body surface area.

Renal Function Indices Calculator

sena [ BN [ | oo NN
Pl0sm wi cizo [N

Urfsm NSLoss_
ucr urNatx [ sun/cr
UrNa urkex [ v/sor R
urk urna/KEEE  v/eosmiEEE

i reno N o0 N

Fig. 4-7. Renal Function Indices Calculator.

Calculator Operation



104

4-6 Calculator Operation



Entering Wavetorms 5

Overview

Use actual patient strip chart recordings for creating cases. After a little
practice, a set of waveforms may be entered in just minutes, yielding realistic
displays on both the cardiac monitor and the computer generated strip. Wave-
form components, such as the a wave, c wave, x descent, v wave and y descent can
be reproduced, and baseline variation from respiration - both spontaneous and
mechanical ventilation - can be easily incorporated.

Essential to this process is obtaining complete waveform sets from actual
patients undergoing placement of a pulmonary artery catheter. Cardiologists,
intensivists and anesthesiologists at your institution should be alerted to your
desire for complete strips (ECG, CVP, RV, PA, PAW, arterial line, & airway
pressure) from interesting patients. The patient's chart number should be re-
corded sothat you can goback todetermine absolute pressure values (strips never
seem to come with scales or values written on them!) Going back to the chart to
extract clinical history and data such aslaboratory results and cardiac output can
be helpful when making your case scenario. Remember to maintain patient
confidentiality when using any part of a patient's record.

Your job is to identify the segment of each strip that should be traced on the
digitizing tablet and to become proficient with using the tablet and software tools.

There is a certain amount of practice necessary before you will be satisfied
with theresults. This chapter reviews the technique for entering waveforms, and
provides suggestions for improving the quality of your cases.

Entering Waveforms 5-1
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Call Dynacath if you are having trouble entering waveforms. Poorly entered
waveforms do not hold up to careful examination by trainees when they run a
strip off the cardiac monitor!

Selecting Waveform Data for Entry

Hopefully at this juncture you are looking at a set of waveforms - possibly a two
channel output, with ECG on top, and pressure strip below. You may be fortunate
enough to have an eight channel display with several pressures already aligned
for accurate timing.

The Waveform Editor allows up to a three second "wave bite" to be entered,
which should be adequate for most needs.

Select a common reference point, such as the start of the QRS complex on the
ECG, and using a vertical ruler, draw little "start" tic marks though each of the
waveforms. Count over an integral number of cardiac cycles less than three
seconds total, and make "stop" tic marks though each of the waveforms. Use a
pencil for this in the event you change your mind.

Note the absolute maximum and minimum pressure values contained in the
isolated segments, as well as the number of complete cardiac cycles. This data
entered in the Rate & Pressure display.

Common mistakes are using to few cycles, not having a consistent start and
stop point, incorrectly reading the original pressure values (a common problem
when using a tracing from a publication), and not having a common start and stop
baseline.

A common start and stop baseline makes the waveform look more realistic
when cycling on the cardiac monitor. When you select segments for entry, try to
include the respiratory variation within the segment, so that you start and stop
at the same baseline. Some manual adjustment of the baseline may be necessary
near the end of the segment when it is entered.

Resolution & Rastering

A Macintosh screen displays information with a resolution of 72 pixels per
inch, far less resolution than an actual analog strip obtained from a patient. For
comparison, the type font you are reading is 300 pixels per inch. The result is an
effect called rastering - a stairway like appearance to lines and curves seen on the
computer.

The Dynacath software was originally designed for a nine inch computer
display, which limited the size of the cardiac monitor, and of course the waveforms
it displayed. Moreover, the original Macintosh computers were in black & white
only.

When waveforms are entered presently, they are scaled down a bit to create
a realistic display in the cardiac monitor. This adds to the previously described
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problem of limited resolution, resulting in some degredation of the waveform
appearance. This is particularly noticeable when entering rhythm strips, with
the sharp up and down lines of the QRS complex being most vulnerable.

The good news is that when a trainee runs a strip of the cardiac monitor
display, no down-scaling occurs, and an accurate reproduction is achieved. Later
versions of the software will offer a larger format monitor so that this problem is
eliminated entirely. The cardiac monitor display is suitable for waveform identi-
fication as a catheter is passed, and gross reading of pressure data. Running a
strip allows for detailed analysis. This is not unlike the real world, and has not
been a pressing concern in the simulation. Cardiac monitors should not be relied
upon for accurate reading of mean pressure data, even though this is commonly
done.

Digitizing Waveforms

The digitizing tablet and cross-hair cursor are essential and allow accurate
conversion of the analog waveform data into digital data that can be used and
displayed by the computer.

Kurta Tablet

The Kurta ADB tablet connects to the computer by daisy chaining with the
keyboard and mouse. Turn the computer off, and disconnect the cable that is
presently plugged into the keyboard (disconnect at the keyboard end only).
Connect this to the tablet port labeled “interface”. Next take the short cable
provided with the tablet and plug one end into the other port labeled “interface”.
Plug the other end into the keyboard. The mouse connects to the other side of the
keyboard.

Penworks

The next step is to install the Penworks software that comes with the Kurta
Tablet. Follow the directions in chapter one of the Kurta Penworks Driver manual
and install the Penworks ADB driver (not the serial driver). Confirm that the
cursor moves smoothly across the screen as you move the cross-hair cursor on the
tablet. (It sometimes helps to moisten your fingers and grip the cordless cursor
firmly on its edges. This helps transmit the cursor location data to the tablet.)

Scaling

It is necessary to match the scale on your strip chart paper with that of the

Entering Waveforms  5-3
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computer display. Youmay wish to use a photocopy machine first and enlarge the
tracing. This is helpful for tracings with low amplitude or narrow complexes.
Install the Penworks software as described previously. It is important to
restart the computer after the intial Penworks installation. Be sure the Kurta
tablet is connected before you restart the computer. Next follow these steps:

Step 1: Run the Dynacath program, enter the author mode, open a module,
and select Waveform Editor under the Data menu.

Step 2: Prepare your tracing by outlining a three-second section of grid (15 by
10large boxes). Slide your tracing and center under the plastic cover of the Kurta
tablet (be sure the grid is square with the tablet). You may wish to use a fine
marker pen and draw an outline (or corner dots) of the grid section on the plastic
cover (then future tracings can be aligned rapidly).

Step 3: Slide the tablet cursor up to the menu bar at the top of the tablet and
briskly click twice (using the top-most button on the cursor) on the SET item.

Step 4: Position the tablet cursor over the top left-hand corner of your strip and
click once. Then position the tablet cursor over the bottom right-hand corner of
your strip and click once again.

Step 5: Move the tablet cursor up to the menu bar and briskly click twice on
the WIN item.

Step 6: Looking at the computer screen, move the tablet cursor so that the
computer cursor is over the upper left-hand corner of the computer generated
strip, and click once. Next move the tablet cursor so that the computer cursor is
over the lower right-hand corner of the computer strip, and click again.

This completes the scaling process. Confirm this by moving the tablet cursor
and noting that the computer cursor remains confined to the computer strip
display. You may now proceed with entering your tracings.

Ifyou turn the computer off, the next time you display the Waveform Editor,

simple move the tablet cursor up to the menu and click once on SET, and then
once on WIN. This reestablishes the scaling you already entered.

Drawing a Waveform

You will not need to use the tablet again until you are ready to enter wave-
forms with the Waveform Editor display (Fig. 5-1).

5-4 Entering Waveforms
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Fig 5.1. Waveform Editor. See Chapter 2: Author Operation for a complete discussion of
entering hemodynamic data.

In anew case the default waveforms will all be flatline. Select the ECG button
ontheright-hand side ofthe display to observe this. Select Redraw, and move the
arrow (using the tablet cursor) over the drawing grid. Note that the arrow turns
into a cross-hair.

Take the actual strip you want totrace and lay it on the tablet under the plastic
cover. Alignthe stripsothat yourstartingticmarkisjustinside the grid you drew
earlier on the plastic cover. Move the tablet cursor over your starting tic mark,
and confirm that the computer cross-hair cursor is showing. You may need to
reposition the strip under the plastic cover slightly. The strip should be square
with the tablet and held firmly in place by the plastic cover before you begin
tracing.

Hold down the top button on the cursor and begin tracing. It does not matter
if you hold the cursor at an angle - only that you keep the cursor over the tracing.
Glide the cursor over the strip until you reach your end tic mark. At this point
release the button and inspect the result. Select Redraw if necessary, otherwise
proceed with selecting Cycle as described in Chapter 2: Author Operation.

You canimprove the appearance of your drawings a few ways. Most problems
occur with ECGs. The wider the QRS complex on the original strip the better it can
be digitized. Drawing occurs only when the cursor is moving forward. This means
you canslide the cursor backwards, move up the grid slightly, then forward again,
resulting in a sharper vertical segment. Another tip is to draw ECGs by following
the left-hand side of the tracing when going up or down vertical segments, and
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on the right-hand side when returning towards the baseline. Anotherwords,
taking advantage of the fact that the cross-hair cursor will allow you to follow
either side of the normal width of an actual tracing. Sometimes making a little
rounding motion with your hand at sharp peeks will help the appearance.

Enlarging a tracing first (and rescaling) is helpful for tracings with low
amplitude and narrow complexes.

Pressuretracings are usually entered without problem. Itisimportant tokeep
the same start and stop baseline. This can be manually controlled by altering
your "course" slightly while tracing. It helps to pencil-in this first on your strip
before starting.

Chapter 2: Author Operation covers the remaining procedure for entry of
waveforms, including cycling and merging with rate and pressure data.

Library

The library feature on the Waveform Editor display is for storing a single
waveform at a time, This is helpful for temporarily saving an existing waveform
while entering and evaluating alternative waveforms. It is also useful for moving
a wavefrom from one location to another (ie. RA to RV) in the event that you
originally drew the waveform in the wrong location. To remove a waveform after
entry you must either enter a new one or open the Waveform Folder with the
library controls, and select a previously saved flatline.

The "true" library is your group of cases and the complete set of waveforms

contained in each case. This data can be moved about between modules en bloc as
described in Chapter 2 rather than via the Waveform Editor.

5-6 Entering Waveforms



Airway Pressure 6

Overview

It is possible at the time of creating a new case to swap-out the arterial line
channel for an airway pressure channel on the cardiac monitor. This may be
useful in those cases you author that require accurate timing of end-expiration
for analyzing hemodynamic pressure, or for demonstrating alterations in the
waveform under certain clinical settings such as airway disease and mode of
respiration - ie. spontaneous vs. mechanical ventilation. This chapter reviews
the method of entering and displaying airway pressure information, and some
of the present limitations. With few exceptions the method is identical to that of
handling arterial line pressure data.

Selecting an Airway Pressure Channel

After typing an initial history & physical or progress note (Chapter 2: Author
Operation), it is necessary to select Save under the File menu to complete the
operation of authoring a module. When the file is saved, space is also reserved
for entry of module specific data, including studies, hemodynamic data, manage-
ment options and discussion text. Figure 6-1 shows the prompting that occurs
after selecting Save or Save As.

Ordinarily the arterial line is selected as the third channel on the cardiac

monitor display. If you want instead an airway channel, indicate such at this
juncture. From this point on all further references to arterial pressure have been

Airway Pressure 6-1
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removed, and airway pressure substituted. The Rate & Pressure display,
Waveform Editor, Merging display, Cardiac Monitor and Run Strip display will
all refer to airway pressure rather than arterial pressure.

Select one of the following as the third
channel on the cardiac monitor display:

@ Arterial Line Channel

O Rirway Pressure Channel

Fig. 6-1. If you wish to include an airway pressure channel, select the appropriate option and
then select Done.

Entering Airway Pressure Data

You may enter from one to three cycles, corresponding to a respiratory rate
of from 20 to 60 breaths per minute. This lower limit results from the maximum
three second "wave bite" sampling that the Waveform Editor allows. You may
manually decrease the rate further by using the arrow controlsin the lower right-
hand corner of the Waveform Editor, and then selecting Save. If your actual
patient strip contains a respiratory rate less than 20, you will need to redraw the
strip by hand at a rate of 20, enter normally, then adjust lower with the arrow
controls.

The merge routine will not alter the airway pressure rate as it does other
pressures. The reason for thisis that the cardiacrate and respiratory rate are not
necessarily syncronized, and alteration in cardiac rate does not imply a given
respiratory rate.

When using airway pressure data, it is best to have actual patient informa-
tion, and to maintain that information throughout the merging process. If you
arbitrarily change the cardiac rate using the Rate and Pressure display, you
must independently use the Waveform Editor to change the airway pressure
rate. The Rate and Pressure display is used however to enter and change the
airway pressure (maximum and minimum).

Although it is not possible to simultaneously display the arterial pressure

and airway pressure, in a single case consisting of multiple modules it is possible
for some modules to contain the arterial line channel while others have an airway

6-2 Airway Pressure
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channel.

Trainee Operation

The trainee does not need to do anything different in running a case. When
the appropriate caseis opened, the airway channel is automatically inserted into
the cardiac monitor, and an airway pressure tracing will be displayed if a strip
is run.
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Author Workbook 7

Overview

The following pages may be copied and used to assist in authoring a
case module. The title page can be very helpful in keeping a record of module
linking.

The fill-in sheets follow the outline of Table 2-1, and contain actual
screen displays from the program.

It is a good idea to author several single module problems before
undertaking authoring of a multiple module case.

Make use of the resources available to you for obtaining data, such as
your critical care unit or catheterization laboratory. There is no substitute for
actual patient data when making an informative case. Remember that there
is no single representative patient (or set of waveforms!) to describe a given
disease, and you are encouraged to author several cases in each subject area.

Designating one or more members of your instructional team to work
with the system is impairative if you are going to develop and maintain an
excellent curriculum. Encourage former trainees to try their hand at author-
ing a case. The mental process of taking a complicated management problem
and reducing it to a set of instructive modules is a tremendous learning
experience itself. Consideration for proper and improper treatments, as well
as unexpected outcomes can challenge even the best instructor.

Author Workbook 7-1
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Case Module
for the
Dynacath Critical Care Patient
Simulator
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Author

Date

Arrived at this 'module from:
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This module branches to:
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[ID] |

Date Revision History
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Page:

. [ History & Physical
[0 Progress Note
[0 Consultation
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Page:

lIA. Hemodynamic Data
(This page should be duplicated five times.)

[ Transfer Rate & Pressure data from: [ ] Response:

O Initial O option1 [option2  [JOption 3 [J Option 4

lEl' Rate & Pressure Data
Response:

Heart Rate:

B

Pressures Systolic Diastolic

Arterial |:| l:l
RA 1 [ ]
AU [ | []
PR L 1 [ ]

woe [ [
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Page:

lIB. Hemodynamic Data
(This page should be duplicated five times.)

[ Transfer waveform data from: [ 1 Response:
O Inital [ Option1 [JOption2 [JOption3 [ Option 4
ECG Arterial Line
RA RV
PA Wedge

Author Workbook 7-5



120

Page:

lll. Study Options & Results
(This section should be duplicated five times.)

[ Transfer study options from: [ ] Response:

[] Transfer study results from: [ ] Response:

O Initial O Option1  [JOption2 [Option3 [ Option 4

/f General Laboratory
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Agreement

The Dynacath Critical Care Patient Simulator™ (Simulator) is sold to the purchaser (user) for the sole
purpose of assisting in training students in patient management. It is intended to be used under the
direct supervision of a qualified instructor in a classroom setting. Moreover, because all information
or data displayed by the Simulator is authored by the user, NO WARRANTY IS GIVEN FOR
QUALITY, PERFORMANCE, CONTENT, FITNESS FOR A PARTICULAR PURPOSE, MER-
CHANTABILITY OR ACCURACY OF ANY ASPECT OF THE SIMULATOR.

The software is licensed to the user on an “as is” basis, and may be copied for backup purposes only.
Dynacath does not warrant that the operation of the Simulator will be error free or uninterrupted. The
useris encouraged to report all difficulties with the Simulator to Dynacath, so thatimprovements may
be made for future software updates.

Dynacath offers a 30-day satisfaction guarantee, starting from the date of shipping. The user must
obtain a return authorization number by contacting Dynacath. Returned merchandise is subject to a
fifteen percent restocking fee.

Dynacath warrants that for one year from the date of purchase the Simulator torso apparatus, and
diskette which contains the software will be free from defects in material or workmanship. THIS
WARRANTY DOES NOT APPLY TO DEFECTS DUE, DIRECTLY OR INDIRECTLY, TO MISUSE,
ABUSE, NEGLIGENCE, ACCIDENT, OR REPAIRS OR ALTERATIONS PERFORMED OUTSIDE
OF DYNACATH CORPORATION'S REPAIR FACILITY.

Dynacath shall in no event be liable for incidental, contingent, special or consequential damages
arising from the use of the Simulator. Dynacath's entire liability and the purchaser’s exclusive remedy
shall be the replacement of the Simulator so long as it is returned with prior authorization to Dynacath,
along with a copy of the purchaser’s paid invoice, within the one year limited warranty period.

No warranty is provided by Dynacath for hardware or software not manufactured by Dynacath.

APPLE COMPUTER, INC MAKES NOWARRANTIES, EITHER EXPRESS ORIMPLIED, REGARD-
ING THE ENCLOSED COMPUTER SOFTWARE PACKAGE, ITS MERCHANTABILITY OR ITS
FITNESS FOR ANY PARTICULAR PURPOSE.

THE ABOVE EXCLUSIONS MAY NOT APPLY TO YOU. THISWARRANTY PROVIDES YOU WITH
SPECIFIC LEGAL RIGHTS. THERE MAY BE OTHER RIGHTS THAT YOU MAY HAVE WHICH
VARY FROM STATE TO STATE.

This equipment complies with the requirements in Part 15 of FCC Rules for a Class A computing
device. Operation of this equipment in a residential area may cause unacceptable interference to
radio and TV reception requiring the operator to take whatever steps are necessary to correct the
interference.

The Dynacath Critical Care Patient Simulator™ is protected by United States Patent No. 4,642,055.
The software, screen displays and manual are © 1985-1993 by Dynacath Corporation, Minneapolis,
Minnesota.The software, screen displays and operating manual may not, in whole or part be copied,
photographed, reproduced, translated, decompiled or reduced to any electronic medium or machine
readable form without prior consent, in writing from Dynacath. Individuals may reproduce screen
displays in recognized periodicals or textbooks for educational and informative purposes only, solong
as proper credit is given to Dynacath.
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Dynacath Corporation agrees to license the Dynacath Trainer Software to an Authorized Buyer
(Licensee) of a Dynacath Trainer System, or a Dynacath Certified Author's System. This license is
not transferrable without written approval of Dynacath Corporation. The software must be used and
remain under the direct supervision of the Licensee only, and may not be distributed.

The Dynacath Critical Care & Hemodynamic Monitoring Training System (“Trainer”), including
software, interactive audiovisual screen displays, schematics, printed circuit boards and operating
manual are copyrighted, and all rights are reserved by Dynacath Corporation.

The Trainer, including the torso section, electronic circuits, mechanical components, software, visual
displays and operating manual constitute a unique training system, and is protected by United States
Patent No. 4,642,055.

The Licensee may copy the software for purposes of authoring cases remotely, so long as the
Licensee is doing the authoring. The Licensee may also copy the software to use on additionally
purchased Trainer Apparatus, so long as the Licensee has purchased and continues to own a
Dynacath Trainer, as well as the additional Trainer Apparatus.

Macintosh System Tools and Utilities are copyrighted programs of Apple Computer, Inc. licensed to
Dynacath Corporation to distribute with the Dynacath Trainer. Apple Software shall not be copied onto
another diskette (except for archive purposes) or into memory unless as part of the execution of the
Trainer. When the Traineris not operating, the Apple Software shall notbe used by any other program.

A preconfigured copy of Kurta Corporation's Penworks may be included for your convenience. Use
of this software is granted under license only. Please refer to the Kurta license envelope for details
of the license agreement. Purchase and use of the Dynacath Trainer with the Kurta Input System
implies your acceptance of this agreement.

The Dynacath Critical Care & Hemodynamic Monitoring Training System and logo are trademarks of
Dynacath Corporation. Apple is the registered trademark of Apple Computer, Inc. Kurta, and
Penworks are trademarks of Kurta Corporation.

© 1993 Dynacath Corporation
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Catheter in Place

Simulated Cardiac Monitor Training Session

Case Authoring Kurta tablet for Waveform Tracing
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Introducer, Dilator and Spring Wire Venous Catheter and Needle

Balloon Syringe Catheter Balloon

Inserted Pulmonary Artery Catheter Balloon Air Diverter
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Dyist il Critical Care & Hemo Critical Care & Hemodynamic Monitori

BALLOON
INFLATED

BALLOON
DEFLATED

SPECIAL
STUDIES

BALLOON

i ARTERIAL
INFLATED  DEF LINE

nnesota

Power, ECG and Arterial Line Switches Manual Override of Balloon State

amic Monitoring Training System”

SPECIAL
STUDIES

Quick Access to Studies & Clear Switches Dynacath Trainer Logo

| Dynacath Corporation ARG
Meadowbrook Medical Bldg W-110 |+ Dot tum power oft when

= software is running
«Do
6490 Excelsior Blvd. ¢ et et o

Minneapolis, MN 55426 + Do not use sharp needies

« Do not fully insert wire.
(612) 820-8773 Patent Mo 4,642,055 = Do ot force insertion.
This equipment complies with the requirements in Part 15 of FCC Rules for a Class A
compuing device. Operation of this equipment in a residential area may cause unacceptable

radia and TV reception requiring the operator to take whatever steps are
necessary (o correct the interference.

Connections: @

Power Supply Macintosh Computer
Ault. Inc. 5712-305-403E12 or equivalent UL Listed, 5 & 12 VDC input.

Serial Number: 2010000 l Model 201 D]

Rear Power and Computer Connectors, Labeling
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Inside View of Dynacath Trainer
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Backside of Front Panel Circuit Board

Populated Side of Main Circuit Board
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Catheter Motion Optical Encoder and Air Switch

Catheter Guideway to Optical Encoder Guideway and Encoder
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Dynacath Trainer Manikin Shell Inside View of Routed Shell

Start of Cather Guideway Guideway Tie-Down

Inside of Dynacath Manikin Mold Assembled Mold for Rotational Molding
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1
HEMODYNAMIC MONITORING TRAINER

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention is related to a computerized
training system for physicians, medical students, nurses
and other medical professionals. In particular, the pres-
ent invention relates to a system which teaches the
purpose, indications, methods, complications and tech-
niques for hemodynamic monitoring of patients.

2. Description of the Prior Art

Hemodynamic monitoring is the methcd whereby a
patient undergoes placement of a catheter passed from a
distant vein, through the heart to the pulmonary vascu-
lature for the purposes of measuring intracardiac, pul-
monary artery and wedge pressures. The measured
pressure data is used by the physician to determine the
type or extent of cardiopulmonary disease, to evaluate
therapeutic measures, and to monitor cardiac function.

Hemodynamic monitoring is typically performed by
a physician in an intensive care unit of a hospital, while
caring for a critically ill patient. Among the diseases for
which hemodynamic monitoring is useful are acute
myocardial infarctions, heart valvular disorders, cardio-
myopathies, pulmonary disorders and congenital de-
fects.

The hemodynamic monitoring catheter is essentially
a long synthetic polymer tubing which is small enough
to be inserted into a peripheral vein of the body and
which is long enough to extend through that vein and
the heart to the pulmonary artery within the lungs.
There are hollow tubes running the length within the
catheter which provide a conduit for manometric mea-
surement of the pressures within the heart and pulmo-
nary artery. Electronic pressure transducers are con-
nected to the end of the catheter outside the body, and
these are in turn connected to an oscilloscope display
which shows the instantaneous pressure data with time
(i.e. a hemodynamic waveform). The catheler may also
allow for simultaneous measurement of pulmonary ar-
tery and right atrial pressures. A thermister probe near
the end of the catheter may be utilized for thermodilu-
tion derived measurement of the cardiac output. There
is a balloon located at the distal end of the catheter that
is inflated by the medical professional as the catheter
enters the heart. This inflated balloon assists the cathe-
ter tip through the heart chambers into the pulmonary
artery. It also may be inflated in the pulmonary artery to
obtain a wedge pressure. The wedge pressure is a re-
flected pressure of the left chambers of the heart
through the lung, rather than the direct pressures ob-
tained from the right side of the heart as the catheter is
advanced.

Traditionally, training in hemodynamic monitoring
has taken place at the bedside, with a more experienced
physician (often a cardiologist or internist) demonstrat-
ing the technique and methods of waveform interpreta-
tion to the inexperienced physician, medical student or
nurse. The training process, therefore, has been depen-
dent upon the availability of critically ill patients on
which the inexperienced physician, medical student or
nurse can practice.

Although the physical process of introducing a cathe-
ter into a patient can be simulated, in the past there has
been no training system available by which physicians,
medical students and other medical professionals can
practice and be trained in the techniques of hemody-
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namic monitoring through simulation, rather than with
live patients.

SUMMARY OF THE INVENTION

The hemodynamic monitoring training system of the
present invention simulates the process of hemody-
namic monitoring, so that a physician, medical student,
nurse or other medical professional can obtain substan-
tial experience in hemodynamic monitoring without
having to acquire all that experience with live patients.
The training system includes a manikin with one or
more insertion sites through which a catheter can be
inserted. Connected to each insertion site is the guide
tubing which provides a passage through which the
catheter passes as it is inserted into the manikin. Position
sensing means provides an indication of the position of
the catheter, and balloon state detecting means provides
an indication of whether the balloon at the tip of the
catheter is inflated.

The hemodynamic monitoring training system is ca-
pable of simulating the entire process of catherization,
including the technical processes of site identification,
skin preparation and catheter insertion, as well as the
advancement of the catheter through a vein to the
heart, through the chambers of the heart, and to the
pulmonary vasculature. Based upon signals from the
position sensing means and the balloon state detection
means, outputs are provided which assist in the simula-
tion process. The training system preferably includes a
computer with a display which generates simulated
waveforms corresponding to the various catheter loca-
tions (as indicated by the position sensing means). Simu-
lated measurement of cardiac output and simulated
fluoroscopy also are preferably provided. The student
may interact with the training system through an input
device to the computer to select various therapeutic
options and then observe the consequences of those
therapeutic options in the simulation.

The hemodynamic monitoring training system, there-
fore, increases both technical and cognitive skills of the
student. In addition, it provides the capability of train-
ing a large number of students prior to actual patient
contact.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1is a block diagram of the hemodynamic moni-
toring training system of the present invention.

FIG. 2 is a perspective view of the hemodynamic
monitoring trainer showing a hemodynamic monitoring
catheter inserted through at an antecubital fossa site.

FIG. 3 is a mechanical and electrical block diagram
of the trainer.

FIG. 4 is a perspective view of the trainer of FIG. 2
with the manikin and chassis top plate pivoted to an
open position to reveal their bottom surfaces.

FIG. 5 is a perspective view of the distal end of a
hemodynamic monitoring catheter with its balloon in-
flated.

FIGS. 6A-6C are top, bottom and cross-sectional
views of one of the insertion plugs of the trainer.

FIGS. TA-TC are top, cross-sectional and end views
of one of the insertion adapters of the trainer.

FIGS. 8A-8D are top, front and left and right end
views of the three-to-one converter of the trainer.

FIG. 9A is a top view of the optical encoder and
pressure roller which senses position of the catheter
within the trainer.
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FIG. 9B is a sectional view along section 9B-9B of
FIG. 9A.

FIG. 9C is a perspective view of the cutaway guides
and roller wheel of the pressure roller of FIG. 9A.

FIG. 10 is a side view of the acoustic detection cham-
ber used for balloon inflation sensing of the trainer.

FIG. 11 is a sectional view of the acoustic detection
chamber of FIG. 10 with the catheter balloon inflated
within the chamber

FIG. 12 is a block diagram of the trainer circuitry.

F1G. 13 is a diagram illustrating interconnection of
the mouse, trainer and computer.

FIG. 14 is an electrical schematic diagram of the
balloon detection circuitry.

FIG. 15 is a timing diagram showing waveforms
produced at selected points within the circuit of FIG.
14, both with the balloon inflated and with the balloon
deflated.

FIGS. 16-18 are images displayed by the computer in
its interaction with the student or instructor who is
using the training system. -

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

1. System Overview

As shown in the block diagram in FIG. 1, the hemo-
dynamic monitoring training system of the present in-
vention is a computerized training system which in-
cludes trainer 10, computer 12, display 14, keyboard 16
and mouse 18. The system simulates the entire process
of catherization, and provides the student with mouse
driven menu displays and real time feedback of hemo-
dynamic data, so that the student can be trained in all
aspects of hemodynamic monitoring prior to any actual
patient contact.

In a preferred embodiment, computer 12, display 14,
keyboard 16 and mouse 18 are all part of an Apple
Macintosh computer system. Trainer 10 interfaces with
computer 12 through the mouse port of computer 12,
and in turn mouse 18 is connected to trainer 10. Trainer
10 has a power switch 20 (which turns trainer 10 on and
off) and a select switch 21 (which determines whether
signals from mouse 18 or from the sensing circuitry of
trainer 10 will be provided as inputs to computer 12).
Indicator lights 21 A and 21B, which flank select switch
21, indicate whether mouse 18 or trainer 10 is currently
connected to computer 12.

As shown in FIG. 2, trainer 10 includes a life-like
manikin 22 of a portion of an upper torso and right arm
which is supported on chassis 24. Manikin 22 includes
three sites at which a student can practice insertion of
the catheter: antecubital fossa site 26A, subclavian vein
site 26B, and internal jugular vein site 26C. For pur-
poses of illustration in FIG. 2, catheter needle 28 is
shown inserted at site 26A. Catheter tubing 30 is fed
through needle 28 into the interior of manikin 22.

In order to simulate actual catheter insertion, each
catheter site 26A-26C has an insertion plug 32A-32C
with an insertion slit 34A-34C through which the cath-
eter needle 28 is inserted.

As illustrated in FIGS. 3 and 4, each site 26A-26C
has an insertion adapter 36A-36C positioned within
manikin shell 22 to receive catheter needle 28 as it is
inserted through insertion plugs 32A-32C, respectively.
Insertion adapters 36A-36C provide a path for catheter
tubing 30 into one of three guide tubes 38A-38C which
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simulate the veins running from sites 26A-26C, respec-
tively, to the heart.

Guide tubes 38A, 38B and 38C are connected to
three-to-one combiner 40 which guides catheter tubing
30 to a single guide tube 42, regardless of the particular
guide tube 38A-38C through which the catheter tube
30 is passing.

From three-to-one combiner 40, the catheter tubing
30 passes through guide tube 42, catheter position sen-
sor 44, guide tube 46, and into acoustic detection cham-
ber 48. Catheter position sensor 44 measures how far the
tip of catheter tubing 30 has advanced past sensor 44 to
allow computer 12 to determine where anatomically the
tip of catheter tubing 30 would be located within an
actual human body. In the preferred embodiment which
will be described in further detail later (in conjunction
with FIGS. 9A-9C), catheter position sensor 44 prefer-
ably includes pressure roller 49 connected to optical
shaft encoder 50. As the catheter tubing 30 passes
through position sensor 44, it causes pressure roller 49
to rotate, thus causing movement of optical shaft en-
coder 50, Signals from optical shaft encoder 50 are
supplied through trainer circuitry 51 to computer 12.
Pressure roller 49 turns with sufficient torque to turn
optical shaft encoder 50, while at the same time not
adding much resistance to the movement of catheter
tubing 30.

As described previously, hemodynamic monitoring
catheter 30 includes a balloon 52 at its tip which can be
inflated to assist the catheter tip through the heart
chambers and into the pulmonary artery. Balloon 52 can
also be inflated in the pulmonary artery to obtain a
wedge pressure. FIG. 5 shows the distal end of catheter
tube 30, with balloon 52 inflated.

Acoustic detection chamber 48 provides a means for
sensing when balloon 52 is inflated or deflated. Acoustic
detection chamber 48 preferably includes a cylindrical
tube 54 with transmitter assembly 56 mounted at one
end and receiver assembly 58 mounted at an opposite
end. Catheter tubing 30 enters acoustic detection cham-
ber 48 through inlet port 60 in receiver assembly 58.

Acoustic detection chamber 48 senses whether bal-
loon 52 is inflated by sending sound pulses from trans-
mitter assembly 56 down tube 54 toward receiver as-
sembly 58. The condition of balloon 52 is determined
based upon the amount of attenuation of the sound
pulses received at receiver assembly 58.

‘When select switch 21 selects signals from trainer 10,
trainer circuitry 51 provides signals to computer 12
which indicate whether the balloon 52 is inflated or
deflated and also provides signals from catheter position
sensor 44. Alternatively, when select switch 21 is in an
opposite position, the signals provided to computer 12
are from mouse 18.

Based upon those signals, computer 12 interacts with
the student by presenting information on display 14.
That information includes a mouse driven menu by
which the student can select one of a variety of different
training modes, as well as necessary educational text. In
one mode, computer 12 causes simulated waveform
displays to be presented on display 14 which are a func-
tion of the position of the tip of catheter 30 and the state
of balloon 52. In another mode computer 12 provides on
display 14 a simulated fluoroscopic image, which allows
the student to observe a simulation of the movement of
the catheter through the heart and vasculature (based
upon the signals from position sensor 44) much as it
would appear if the student were actually inserting a
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catheter into a live patient and observing it with the
assistance of a fluoroscope.

The data storage capabilities of computer 12 also
allow the storage of patient case histories, with simu-
lated waveforms based upon catheter position. In these
case histories, the student is required to select from a
group of therapeutic options which are presented, and
computer 12 then displays the consequences of that
selected therapeutic option by showing the resulting
simulated waveforms.

2. Mechanical Components
a. Manikin 22

Manikin 22 is, in one preferred embodiment, made of
fiberglass and polyester resinol. Other synthetic materi-
als, such as polyvinyl can also be used.

Manikin 22 is, in the embodiment shown in FI1G. 2, a
life size portion of the neck, upper torso and right arm
of a human body, and is preferably flesh color with
accurate anatomical markings.

Manikin 22, together with insertion plugs 32A-32C,
provide an opportunity for the student to identify im-
portant anatomical landmarks for catheter insertion, to
prepare the skin site as would be done in real-life, to
utilize standard catheter insertion needle, sheath and
dialator kits, and finally to insert the catheter tubing 30
as would be done on a real patient.

b. Chassis 24

As shown in FIGS. 2 and 4, chassis 24 includes cover
62 and base 64. Manikin 22 is attached to top plate 66 of
cover 62. As best shown in FIG. 4, top plate 66 includes
a manikin access opening 68 to provide access to the
components mounted within manikin 22. All of the
trainer circuitry 51 is located within chassis 24.

c. Insertion Plugs 32A-32C

FIGS. 6A-6C show top, bottom and sectional views,
respectively, of insertion plug 32A, which is typical of
all three insertion plugs 32A-32C. Insertion plugs
32A-32C are each bonded to the top surface of manikin
22 olver a rectangular opening at sites 26A-26C, respec-
tively.

Insertion plug 32A includes entry slit 34A, plug top
70, neck 72, cavity 74 and entry lip 76. Insertion plug
top 70 has an area which is larger than the opening into
which insertion plug 32A is mounted in manikin 22.
Neck 72 is of a size to fit snugly within the opening in
manikin 22, so that insertion plug 32A can be mounted
securely to manikin shell 22 by application of an adhe-
sive glue to the bottom surface of plug top 70 and the
outer surface of neck 72.

Hardened entry lip 76 adds strength to the surfaces of
entry slit 34A. This minimizes wear and tear on inser-
tion plug 32A with repeated insertions and removal of
the insertion needle, sheath and dialator of catheter
needle 28.

Insertion plug 32A preferably is flesh colored, and
includes a vein coloration area 78 which is generally
aligned with entry slit 34A.

In a preferred embodiment, insertion plugs 32A-32C
are made of a combination casting of vinyl dispersions
No. 65 and Plastisol and No. 90 Plastisol. Hardened
inner lip 76 is made by placing a small amount of blue
colored No. 90 Plastisol in a mold and precasting, and
then adding the flesh-tone colored No. 65 Plastisol in
the mold for fufl-time casting. The result is an insertion
plug which is durable, flexible which provides natural
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coloration in both the skin and the underlying vein, and
which simulates the natural feel of passing needle 28
into the human skin without destroying the insertion
plug 32A-32C with a single use.

A further advantage of insertion plugs 32A-32C is
that in the event any one of the plugs is damaged or
worn out by repeated use, it can easily be removed and
replaced.

d. Insertion Adapters 36A-36C

Insertion adapters 36A-36C serve as receiving ports
for the catheter assembly 28 (which includes an inser-
tion needle, introducer sheath, dialator, and tubing 30).
Each adapter 36A-36B is bonded under a rectangular
opening cut into manikin 22 at sites 26A-26C, respec-
tively. FIGS. 7TA-7C show top, sectional and end views
of insertion adapter 36A, which is representative of all
three insertion adapters 36 A-36C.

Insertion adapter 36A preferably has a plastic body
80 made from a casting of vinyl dispersion No. 90 plasti-
sol. In its top surface 82, body 80 has a rectangular
cavity 84 with a pair of slanted side walls 86 and 88 and
a slanted bottom surface 90 which form a funnel toward
circular passage 92, which extends from the lower end
of cavity 84 out through end 94 of body 80. Tubing 38A
extends through passage 92 and into cavity 84, The
portion 38A’ of tubing 38A which is located within
cavity 84 has its top half removed, and is bonded to
slanted surface 90 by adhesive 96 (which is preferably a
silicone cement).

The rectangular opening of cavity 84 is aligned with
the generally rectangular cavity 74 of insertion plug
32A. As aresult, insertion slit 34A of insertion plug 32A
is generally aligned with the center of cavity 84 and
with passage 92.

In a preferred embodiment in which insertion adapt-
ers 36A-36C are castings of vinyl dispersion No. 90
plastisol, each adapter 36A-36C is secured to the inner
surface of manikin 22 first with cyanoacrylate glue, and
then are secondarily sealed with a bead of silicone ce-
ment around the outer edge of body 80.

e. Tubing 38A-38C, 42 and 46

Tubing 38A-38C, 42 and 46 provide passageways for
catheter 30 among the various mechanical components
of trainer 10. The tubing, therefore, must provide a
relatively friction-free path for the catheter.
Polytetrafluoroethylene tubing has been found to be
particularly advantageous in allowing catheter 30 to
pass with a minimum of friction and binding. Other
tubing materials which have been used tended to cause
binding between the deflated balloon 52 at the tip of
catheter 30 and the inner walls of the tubing.

In the preferred embodiment, tubing 38A-38C, 42
and 46 has an outside diameter of 0.175 inch, an inside
diameter of 0.135 inch, and a wall thickness of 0.020
inch.

f. Three-to-One Combiner 40

Three-to-one combiner 40 combines the three sepa-
rate possible paths of catheter 30 into a single path
which travels through catheter position sensor 44 and
into acoustic detection chamber 48. At its inlet end,
three-to-one combiner 44 receives the ends of tubing
38A-38C, and at its outlet it receives the inlet end of
tubing 42.
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As shown in FIGS. 8A-8D, three-to-one combiner
40 includes base 96 and cover 98. Base 96 has a gener-
ally V-shaped central channel 100 which connects at its
inlet end to entry ports 102A-102C, and which con-
nects at its outlet end to exit port 104. Tubing 38A-38C
extend through entry ports 102A-102C, respectively, to
the inlet end of channel 100. Set screws 106A-106C
hold the outlet ends of tubing 38A-38C securely in
entry ports 102A-102C, respectively.

Tubing 42 extends into exit port 104 so that its inlet
end is located at the outlet end of channel 100. Set
screw 108 holds tubing 42 securely within exit port 104.

Cover 98, which is preferably a clear plastic plate,
covers the otherwise open top of channel 100, so that
the catheter must pass from tubing 38A, 38B, or 38C,
through channel 100, to tubing 42. Cover 98 is held in
place over channel 100 by screws 110.

In other embodiments of the present invention, other
or additional manikin insertion sites can be used. In
those embodiments where more than three sites are
used, combiner 40 simply includes a greater number of
entry ports to receive tubing from additional insertion
adapters. The function of combiner 40 remains un-
changed: to cause a convergence of the possible paths of
the catheter to a single path which will lead through
catheter position sensor 44 and into acoustic detection
chamber 48.

g. Catheter Position Sensor 44

Catheter position sensor 44 monitors movement of
the catheter as it passes from three-to-one combiner 40
through tubing 42 and tubing 46 to acoustic detection
chamber 48. It provides the data necessary to establish
how far catheter 30 has been advanced into manikin 22.
This data specifies the direction and extent of move-
ment, so that computer 12 can determine which cham-
ber of the heart or pulmonary vasculature the tip of the
catheter 30 would be in, if it were in 2 human chest.

In the preferred embodiment illustrated in FIGS.
9A-9C, catheter position sensor 44 includes pressure
roller assembly 49 and optical shaft decoder assembly
50, which are interconnected by shaft coupling 112.

Pressure roller assembly 49 includes a housing 114
having an entry port 116 for receiving the outlet end of
tubing 42 and an exit port 118 for receiving the inlet end
of tubing 46. Between ports 116 and 118 is a channel 120
in which roller wheel 122, guides 124 and 126, and
counter pressure bar 128 are mounted. Wheel 122 is
mounted on shaft 130, which is rotatably supported by
bearings 132 and 134 and is connected at its lower end
to shaft coupling 112.

As catheter 30 passes through pressure roiler assem-
bly 49, it passes from tubing 42 through guide 124 to
guide 126 and then to tubing 46. Guides 124 and 126 are
split and are cut away so that catheter 30 makes contact
with wheel 122, Thus, movement of catheter 30 in ei-
ther direction will cause rotation of wheel 122 and shaft
130. The direction of movement of catheter 30 deter-
mines the direction of rotation of wheel 122 and shaft
130.

Pressure roller assembly 49 must accommodate cath-
eters of different sizes and designs, including various
balloon attachments. It must, therefore, allow these
various catheters to slide easily across wheel 122 while
not slipping or binding. For example, the deflated bal-
loon 52 on the tip of catheter 30 provides a bumpy
surface that ordinarily would not pass through a more
rigid metering device. To accommodate both balloon
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52 as well as the more smooth catheter tubing 30, pres-
sure roller assembly 49 causes catheter 30 to be guided
closely along the wheel 122 as the result of the bias
force which is exerted from counter pressure bar 128 to
the guideway formed by guides 124 and 126. This
guideway is split to allow some flexibility as different
diameter catheters pass through pressure roller assem-
bly 49.

Alternatively, the means for urging catheter 30
toward wheel 122 can take the form of a counter pres-
sure wheel which is spring loaded to be urged in the
direction toward wheel 122. This allows the nip defined
between the two wheels to vary depending upon the
size of the catheter passing through, without adding
significant friction or resistance to the motion of cathe-
ter 30. .

As shown in FIGS. 9A and 9B, the outlet end of
tubing 42 is secured in entry port 116 by set screw 136,
and the inlet end of tubing 46 is secured in exit port 118
by set screw 138. A clear plastic cover 140 preferably
covers the entire top surface of pressure roller assembly
49 and is secured in place by screws 142.

Encoder assembly 50 includes a two-piece housing
144 and 146, in which is mounted encoder shaft 148,
encoder wheel 150, a pair of photodiodes 152 and 154,
and a pair of phototransistors 156 and 158. Encoder
shaft 148 is connected by shaft coupler 112 to shaft 130
of pressure roller assembly 49. As wheel 122 of pressure
roller assembly 49 rotates, encoder shaft 148 rotates,
thus causing rotation of encoder wheel 150. The slits of
encoder wheel 150 move past photodiodes 152 and 154
to allow light to pass to phototransistors 156 and 158.
By the use of two photodiodes 152 and 154 and two
phototransistors 156 and 158, both incremental move-
ment and the direction of movement can be determined
by decoding the output signals from phototransistors
156 and 158.

In one embodiment of the present invention, encoder
assembly 50 is the same assembly used in the mouse of
the Apple Macintosh computer. This is particularly
advantageous when computer 12 is an Apple Macintosh
computer, since the signals from encoder assembly 50
can be decoded by computer 12 without the need for
any additional special circuitry.

h. Acoustic Detection Chamber 48

Acoustic detection chamber 48 represents the end of
the pathway for catheter 30. Once the tip of catheter 30
has reached acoustic detection chamber 48, balloon 52
can be inflated, and a determination will be made auto-
matically as to whether or not balloon 52 has in fact
been inflated.

As illustrated in FIGS. 10 and 11, acoustic detection
chamber 48 preferably includes cylindrical tube 54 with
transmitter assembly 56 mounted at one end, and re-
ceiver assembly 58 located at the opposite end. The
entire acoustic detection chamber 48 is preferably sup-
ported by support plate 160, which in turn is mounted
on the bottom side of top plate 66 (as illustrated in F1G.
4).

In a preferred embodiment, tube 54 is preferably a
PVC cylinder with a coating 162 of polytetrafluoroeth-
ylene on its inner surface. Coating 162 reduces friction
between balloon 52 and the inner surface of cylinder 54.
In addition, powder may be added inside cylinder 54 to
further decrease friction between balloon 52 and coat-
ing 162.
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Transmitter assembly 56 includes transmitter fitting
164 which has a recessed cavity 166 for receiving minia-
ture audio speaker 168. Set screw 170 holds speaker 168
securely in position within transmitter fitting 164. Inter-
nal passage 172 extends from cavity 166 through fitting
164 to the interior of cylinder 54. Fitting 164 has a neck
portion 174 with a pair of snug fit grooves 176 and 178,
which allow neck 174 to be press fit mounted in the
transmitter end of cylinder 54.

Receiver assembly 58 is located at the opposite end of
cylinder 54, and is of generally similar construction to
transmitter assembly 56. Receiver fitting 180 has a re-
cess 182 into which miniature microphone 184 is in-
serted. Set screw 186 holds microphone 184 securely in
place within cavity 182. Passage 188 provides commu-
nication between the interior of cylinder 54 and micro-
phone 184. Neck 190 of fitting 180 has a pair of snug fit
grooves 192 and 194, which assist in providing a press
fit mounting of neck 190 in the receiver end of cylinder
54,

One further difference between receiver assembly 58
and transmitter assembly 56 is the presence of entry port
60 which receives the outlet end of tubing 46 and pro-
vides a passageway through which catheter 30 enters
cylinder 54. Set screw 196 holds the outlet end of tubing
46 securely in place in entry port 60.

As shown in FIG. 11, the entrance of catheter 30
through entry port 60 is at an angle, and does not signifi-
cantly block the communication between microphone
184 and the interior of cylinder 54.

In operation, speaker 168 periodically chirps at a rate
of, for example, five times a second (5Hz). At the oppo-
site end of cylinder 54, microphone 184 listens for each
chirp, including the main signal and reverberation set
up inside cylinder 54. It has been discovered that when
balloon 52 is inflated and much of interior of cylinder 54
is blocked, a detectable attenuation of the primary chirp
and the reverberations occurs. The circuitry associated
with microphone 184 conditions each received chirp,
temporally compares it with a tuned, phase-shifted ref-
erence pulse from the speaker driver circuitry, and
determines whether balloon 52 is inflated or deflated.

3. Trainer Circuitry 51

FIG. 12 shows a block diagram of the trainer cir-
cuitry 51. Basically, trainer circuitry 51 can be de-
scribed as four separate units: power supply 200, optical
shaft encoder 50, computer interface 202, and balloon
detection circuitry 204.

Traniner 10 has its own power supply circuitry 200
which converts the incoming AC line voltage to the
necessary DC voltage levels required for operation of
the various components within trainer circuitry 51.
Power supply circuitry 200 typically includes a power
cord 206 and a circuit breaker 208 (which are shown in
FIG. 13) as well as a step-down transformer and a direct
current supply (which are not shown). The direct cur-
rent supply provides +5 V as well as ground for opera-
tion of operational amplifiers within balloon detection
circuitry 204. Power switch 20 is connected in the
power supply circuitry to turn trainer 10 on and off.

Optical shaft encoder circuitry 50 is, in the preferred
embodiment, the same encoder which is used in the
Apple Macintosh computer mouse. This device requires
a five volt supply voltage for operation of phototransis-
tors 156 and 158 and photodiodes 152 and 154. This
supply voltage preferably is obtained directly from
computer 12 by an arrangement in which either mouse
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18 or optical shaft decoder 50 is connected through
computer interface 202 to computer 12, depending on
the position of selection switch 21. In this embodiment,
the optical shaft encoder 50 operates by taking the place
of mouse 18. Rather than providing encoded data about
mouse movement, computer interface 202 provides
encoded data about movement of catheter 30. The out-
put of optical shaft encoder 50 is subsequently decoded
by the already existing hardware within computer 12
and is available for further data processing and interpre-
tation.

Computer interface 202 is shown diagramatically in
FIG. 13. Jack J1 is located at the rear of computer 12,
while jacks J2 and J3 are located at the back of chassis
62 of trainer 10. Multiconductor cable 210 has jack J4 at
one end for connection to jack J1 of computer 12, and
jack J5 at its opposite end for connection to jack J2 of
trainer 10. Mouse 18 is connected through multiconduc-
tor cable 212 to jack J3 of trainer 10. Jack J6 at the end
of cable 212 mates with jack J3. In a preferred embodi-
ment, jacks J1 and J3 are nine pin subminiature-D fe-
male chassis connectors, jack J2 is a nine pin subminia-
ture-D male chassis connector, jacks J4 and J6 are nine
pin subminiature-D male line connectors, and jack J5 is
the nine pin subminiature-D female line connector.

Computer interface 202 selectively routes through
jack J2 to computer 12 either (a) signals from optical
encoder 50 and optical isolator 214 of balloon detection
circuitry 204, or (b) signals to mouse 18. In addition,
power to mouse 18 and optical encoder 50 is received
from computer 12 and is supplied selectively either to
optical encoder 50 or mouse 18.

The selection of the signals to be routed to computer
12 is made by select switch 21 which in one embodiment
is a four-pole, double-throw switch. In one position,
mouse 18 is connected to computer 12. In the opposite
position, signals from optical isolater 214 and optical
encoder 50 will be routed to computer 12. Computer
interface 202 also causes the appropriate indicator 21A
or 21B to be lit depending on the position of select
switch 21.

Balloon detection circuitry 204 is shown in block
diagram in FIG. 12 and in schematic diagram in FIG.
14. It includes optical isolator 214, system clock 216,
transmitter 218, receiver 220, reference 222, comparator
224, and diagnostics circuit 226.

Clock 216 includes an astable multivibrator formed
by inverting buffers 228 and 230, resistors 232 and 234,
and capacitor 236. The 640 Hz output of the astable
multivibrator is divided by divide-by-N counter 238 to
provide the 5 Hz clock signal which is supplied to trans-
mitter 218 and to reference 222.

Transmitter 218 includes a positive triggered one-
shot multivibrator 240 with associated timing resistor
242 and capacitor 244, current limiting resistor 246 and
speaker 168. The output of transmitter 218 is an acoustic
signal which sends quiet chirps at a frequency of five
per second down cylinder 54 of acoustic detection
chamber 48.

The acoustic signals produced by transmitter 218 are
detected by receiver 220. The received signals from
microphone 184 are amplified by an amplifier and uni-
polar feedback limiter circuit formed by operational
amplifier (op amp) 250, capacitor 252, potentiometer
255, resistors 254, 256, 258, 260 and 262, and Zener
diode 264. The output of op amp 250 is supplied to a
signal processor formed by two positive triggered one-
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shot multivibrators 266 and 268, capacitors 270 and 272,
and resistors 274 and 276.

The output of receiver 220 is supplied to comparator
224, where it is temporally compared with a reference
signal from reference circuit 222. Reference circuit 222
includes a positive triggered one-shot multivibrator 278,
with associated timing capacitor 280 and potentiometer
282 and a negative triggered one-shot multivibrator 284
with associated timing capacitor 286 and resistor 288.

The receiver and reference signals are supplied to
dual input NAND gate 290 of comparator 224. The
output of NAND gate 290 is inverted by inverter 292
and supplied to retriggered one-shot multivibrator 294,
whose period is determined by capacitor 296 and resis-
tor 298.

One output of one-shot 294 is supplied to optical
isolator 214, which includes drive transistor 300, resis-
tors 302 and 304, photodiode 306, and phototransistor
308. The output of optical isolator 214 is supplied to
computer interface 202 and is in turn sent to computer
12 whenever select switch 21 has selected signals from
trainer 10 as opposed to signals from mouse 18.

The outputs of one-shot 294 of comparator 224 are
also supplied to a diagnostic circuit which includes a
pair of light-emitting diodes 310 and 312, and a pair of
inverters 314 and 316.

In FIG. 14, twelve different test points labeled TP1
through TP12 are shown. FIG. 15 illustrates timing of
signals within balloon detection circuit 204 of FIG. 14
by showing the signals at the various test points. For
test points TP6 and TP7, two different waveforms are
illustrated, one in which balloon 52 is inflated (“balloon
up”’} and the other in which balloon 52 is deflated (“bal-
loon down™).

As can be seen from FIG. 15, if there are three suc-
cessive pulses in which a reference signal was produced
but no receiver output signal was received, the output
of one shot 294 goes high, indicating that balloon 52 is
up. As soon as a detected pulse results in a receiver
output which corresponds to a reference signal, the
output of one shot 294 goes low, indicating that balloon
52 is down. The requirement of multiple missed pulses
before the balloon is identified as being inflated greatly
reduces the likelihood of any erroneous output from
balloon detection circuit 204.

Table 1 shows the components used in one successful
embodiment of balloon detection circuit 204.

TABLE |

Buffer 228 4049 Hex Inverting Buffer
Buffer 230 4049 Hex Inverting Buffer
Counter 238 4020 14-Stage Binary

Ripple Counter
One Shot 280 4047 Multivibrator
One Shot 246 4047 Multivibrator
One Shot 268 4047 Multivibrator
NAND/Inverter 250 4011 Quad 2-Input Nand
NANDY/Inverter 292 4011 Quad 2-Input Nand
NAND/Inverter 314 4011 Quad 2-Input Nand
NAND/Inverter 316 4011 Quad 2-Input Nand
Op Amp 248 NES5534 Operational Amplifier
Op Amp 250 NES5534 Operational Amplifier
Photodiode 306 MCT2 Optical Isolator
Phototransistor 308 MCT2 Optical Isolator
Capacitor 236 470 Picofarad
Capacitor 244 1000 Picofarad
Capacitor 252 100 Microfarad
Capacitor 270 ol Microfarad
Capacitor 272 1000 Picafarad
Capacitor 280 01 Microfarad
Capacitor 286 1000 Picafarad
Capacitor 296 0.1 Microfarad
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TABLE I1-continued
Resistor 232 2M Ohms
Resistor 234 12 M Ohms
Resistor 242 47K Ohms
Resistor 246 470 Ohms
Resistor 254 100 Ohms
Resistor 256 3K Ohms
Resistor 258 10K Ohms
Resistor 260 100K Ohms
Resistor 262 47K Ohms
Resistor 274 560K Ohms
Resistor 276 100K Ohms
Resistor 288 47K Ohms
Resistor 298 12M Ohms
Resistor 304 330 Ohms
Zener Diode 264 IN752A 5 Volt Zener Diode
Potentiometer 255 22K Ohms Potentiometer
Potentiometer 282 500K Ohms Potentiometer
Transistor 300 2N2222 NPN Transistor
LED 310 5VDC Red Light Emitting
Diode
LED 312 5vDC Green Light Emitting
Diode
Microphone 184 High Miniature Crystal
Impedance Microphone
Speaker 168 8 Ohm Miniature Headphone

Speaker

4. User Interaction—Computer 12

Computer 12 performs three main functions. First, it
monitors internal circuits of trainer 14 and determines
what event is taking place based upon signals from
optical shaft encoder 50 and from balloon detection
circuit 204.

Second, computer 12 provides a user friendly envi-
ronment for the student, which eases the learning of the
manual and cognitive skills required in hemodynamic
monitoring. To accomplish this, the student may easily
scan several topics concerning hemodynamic monitor-
ing, much like reading a text book, but faster and tai-
lored to the student’s needs.

Third, computer 12 simulates events which would
actually take place if the hemodynamic monitoring
were being performed on a live patient. For example,
computer 12 preferably recreates a cardiac monitor,
similar to that found in a clinical setting, and shows
waveforms of the various chambers of the heart and
pulminary vasculature as the catheter 30 is advanced
into manikin 22.

In this third major function, computer 12 simulates a
variety of different diseases, and the student may in-
teractively select therapeutic options and observe the
consequences. The diseases are presented in the form of
case studies, which include a brief medical history
(complete with history, physical and laboratory for
each patient), presented on display 14 in the form of a
familiar looking hospital chart. Once a decision has
been made to place a catheter, the chart is removed
from the display, and an image of a simulated cardiac
monitor appears. In addition, if elected, the student may
observe on display 14 a simulation of a chest fluoro-
scopic display and thereby watch catheter 30 advance
into the chest as it is being advanced into manikin 22.

FIG. 16 shows an image which is displayed on dis-
play 14 which appears whenever a student or an in-
structor is selecting the function to be performed. Ap-
pearing on screen 320 of display 14 is a rectangular
image 322 which has, along its top edge, titles for the
various operating sections: “Logo™, “Introduction™,
“Background”, ““Method”, “Patients”, “Casemaker”,
and “Done”. The user selects one of these sections by
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moving cursor 324 to the appropriate title and pressing
the ENTER key or button on mouse 18.

“Logo”, when selected, displays a menu of some
subsections which can then be selected by the user again
by locating cursor 34 at the particular subsection of
interest. Under “Logo” the subsections include “About
the Dynacath System" (which provides general infor-
mation); “Dynacath Hardware Tester” (which allows
diagnostic testing of the system hardware to be per-
formed); and “Instructional Text Editor” (which is a
word processing program used whenever an instructor
is creating text material to be read by students in one of
the other sections).

“Introduction” displays a menu which includes sub-
sections entitled “Getting Started”, “About the Dyna-
cath Hardware”, and “About the Dynacath Software”.
Selecting any one of these three subsections causes
computer 12 to display introductory text material on
screen 320. This includes general instructional material
which familiarizes the user with the operating principles
of the hardware and software, as well as the theory of
operation and uses of the system.

“Background” has four subsections which are dis-
played in a menu: “Principles of Hemodynamic Moni-
toring”, “Waveform Characteristics and Identifica-
tion”, “Disease Determination and Therapeutic Op-
tions” and “Further Reading”. Each of these four sub-
sections contain textual material to be read by a student
in order to familiarize the student with the process and
techniques of hemodynamic monitoring. The student
will normally review this material before attempting a
simulated catheter insertion and monitoring.

The *“Methods” section includes three subsections
entitled “Review of Technical Skills”, “Understanding
the Instrumentation™”, and “Common Problems and
Complications”. Each of these sections include text
material and appropriate graphics which instruct the
student on the techniques used in the catheterization
process, in understanding the information which is de-
rived from hemodynamic monitoring, and problems
and complications which can be encountered during
hemodynamic monitoring.

The “Patients™ section is used by the student when
simulating the entire hemodynamic monitoring process.
The “Patients™ section accesses files which contain data
necessary to simulate the hemodynamic monitoring
process as the student inserts the catheter into manikin
22. The student can select a patient file by name or by
disease category, or may allow computer 12 to select
the patient at random for study.

The *“Casemaker” section allows the instructor to
create a new patient file, to edit an existing patient file,
or to delete an existing patient file. The instructor can,
for example, enter new information about the patient,
create new or different waveforms which will be dis-
played during the simulated monitoring, or select and
store complications which will occur during the simula-
tion in order to test the manual and cognitive skills of
the student.

The “Done” section allows the student or instructor
to signal the computer 12 that he or she is done with a
particular section, or is done using the system entirely.

FIG. 17 shows screen 320 during a simulation of
hemodynamic monitoring. This simulation (which oc-
curs when the student has selected a patient from the
‘“Patients” section and has performed the catheteriza-
tion procedure) results in an image of a simulated hemo-
dynamic monitoring instrument 325. Simulated instru-
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ment 325 includes a simulated heart rate display 326, a
simulated catheter pressure display 328, a simulated
arterial pressure display 330, and a simulated oscillo-
scope display 332.

Heart rate display 326 displays a numerical value
representing beats per minute. This value is, of course,
stored in memory corresponding to the particular pa-
tient file. The heart rate which is displayed is represen-
tative of a measurement which can typically be made
from an electrocardiogram signal.

Catheter display 328 displays two numerical values
which simulate measurements made by cathether 30
when inserted in the patient and when balloon 52 is
inflated. One value is alternatively the systolic or the
diastolic pressure, and the other value is a mean pres-
sure. These values are stored in the patient file and are
dependent upon whether balloon 52 is inflated and the
sensed position of the catheter within manikin 22 (based
upon the position signals from catheter position sensor
44). Computer 12 selects the appropriate values to be
displayed in catheter pressure display 328 based upon
those inputs from trainer 10.

Arterial pressure sensor display 330 also displays
systolic or diastolic pressure and a mean pressure. These
pressures are typically measured by a separate sensing
device (i.e. they are not read using catheter 30). Once
again, the values which are displayed on simulated arte-
rial pressure display 330 are stored in the patient file by
computer 12, and are retrieved for display when the
display mode showing instrument 325 is selected by the
student.

Simulated waveform display 332 shows, in the pre-
ferred embodiment illustrated in FIG. 17, three separate
waveforms 334, 336 and 338. Waveform 334 is an elec-
trocardiogram (ECG) waveform. Waveform 336 is a
waveform which represents pressure measured by cath-
eter 30. Depending on the position of the cathether
within manikin 22, computer 12 selects one of four
previously stored waveform types: a right atrial, a right
ventrical, a pulmonary artery, or a wedge pressure
waveform.

Waveform 338 is an arterial pressure waveform. Like
the pressure values displayed on simulated arterial pres-
sure display 338, a waveform like the one displayed on
arterial pressure waveform 338 would be derived in
actual practice from a separate sensing device.

Waveforms 334, 336 and 338 preferably are created
by the instructor using the Casemaker section. One of
the functions which can be performed in the Casemaker
section is entitled “Waveform Creator”. In this mode, a
display like the one shown in FIG. 18 appears on screen
320. The display includes a simulated graph paper 340
on which the instructor draws a waveform section 342,
This waveform section can be created using mouse 18.
When the instructor has completed drawing the wave-
form section, the instructor signals computer 12 using
the key on mouse 18. Computer 12 treats waveform
section 342 as one period of the waveform, and repli-
cates section 342 to produce a multiperiod waveform
like the one shown in FIG. 17. In this particular exam-
ple, section 342 of FIG. 18 is one period of the ECG
waveform 334 shown in FIG. 17.

In preferred embodiments of the present invention,
the instructor can store a set of waveforms for each of
several different scenarios. The particular set which is
selected to be displayed on simulated instrument 324
depends upon the particular treatment option which is
selected by the student. In this way, the student is able
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to observe the consequences of particular treatment
options and learn to expect and interpret changes in
waveforms and readout values which can occur during
hemodynamic monitoring.

Also shown on screen 320 in FIG. 17 are icons 344,
346 and 348. Icon 344 represents the fluoroscopic dis-
play mode, in which a simulated fluoroscopic image of
the patient’s chest showing the location of the tip of
catheter 30, is displayed on screen 320. The location of
the tip of catheter 30 as shown in the fluoroscopic dis-
play is dependent upon the signals from catheter posi-
tion sensor 44. The student selects the fluoroscopic
display by placing cursor 324 adjacent icon 344 and
supplying an EXECUTE command through mouse 18.

Icon 346 represents a mode in which cardiac output
using thermodilution is selected. In this mode, a cardiac
output value (which would be measured in actual con-
ditions using catheter 30) is displayed on screen 320.
The cardiac output mode is selected by placing cursor
322 adjacent icon 346, and supplying an EXECUTE
command.

Icon 348 represents a progress note mode. When this
mode is selected, a progress note is displayed in text
form on screen 320. The progress note describes the
status of the patient at that time. The progress notes are
previously prepared by the instructor and stored in
memory by computer 12. The progress note allows the
student to determine at any time the current status of
the patient, and thus allows the student to confirm con-
clusions which the student may have made about the
patient’s current status based upon the information dis-
played by simulated instrument 325.

5. Conclusion

The hemodynamic training system of the present
invention represents an extremely powerful yet user
friendly and simple-to-use system for teaching the pur-
pose, indications, methods, complications and tech-
niques of hemodynamic monitoring of patients. This
system provides a full simulation of the hemodynamic
monitoring process, and in fact provides more informa-
tion to the student than can be obtained conveniently
using traditional training methods which take place at
bedside using real, critically ill patients.

Although the present invention has been described
with reference to preferred embodiments, workers
skilled in the art will recognize that changes may be
made in form and detail without departing from the
spirit and scope of the invention.

What is claimed is:

1. A training system comprising:

a manikin having an insertion site at which a catheter

may be inserted into the manikin;

means positioned at the insertion site for receiving a

catheter as it is inserted into the manikin at the
insertion site;

means for guiding the catheter along a path from the

insertion site;

position sensing means for providing signals from

which a location of a tip of the catheter can be
determined; and

means for providing an output as a function of the

signals from the position sensing means.

2. The system of claim 1 wherein the position sensing
means is positioned along the path and wherein signals
provided by the position sensing means indicate move-
ment of the catheter along the path.
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3. The system of claim 2 wherein the position sensing
means comprises:

roller means for engaging the catheter and rotating as

a function of movement of the catheter along the
path; and

encoder means for providing signals as a function of

rotation of the roller means.

4. The system of claim 3 wherein the position sensing
means further comprises:

means for urging the catheter into contact with the

pressure roller.

5. The system of claim 1 wherein the catheter is a
hemodynamic monitoring catheter having an inflatable
balloon at its tip, and wherein the system further com-
prises:

balloon state detecting means located adjacent an end

of the path for providing signals which indicate
when the balloon is inflated and deflated.

6. The system of claim 5 wherein the means for pro-
viding an output provides the output as a function of the
signals provided by the position sensing means and the
balloon state detecting means.

7. The system of claim 6 wherein the balloon state
detecting means comprises an acoustic detection cham-
ber connected at the end of the path and into which the
tip of the catheter is advanced, and wherein the acoustic
detection chamber detects inflated and deflated states of
the balloon within the chamber based upon transmission
of acoustic signals within the chamber.

8. The system of claim 7 wherein the acoustic detec-
tion chamber comprises:

a cylinder having an inner diameter large enough to

permit inflation of the balloon within the cylinder;
transmitter means positioned at a first end of the cyl-
inder for transmitting acoustic signals;

receiver means positioned at a second end of the

cylinder for receiving acoustic signals;

port means for permitting passage of the catheter into

the cylinder; and

means for deriving a balloon state signal as a function

of signals from the receiver means.

9. The system of claim 8 wherein the means for deriv-
ing a balloon state the signal comprises:

means for providing a transmitter drive signal to the

transmitter means;

means for deriving a reference signal from the trans-

mitter drive signal;

means for deriving a receiver signal from the receiver

means; and

means for comparing the reference signal and the

receiver signal to produce the balloon state signal.

10. The system of claim 1 wherein the manikin com-
prises a hollow shell representing a portion of a human
body, the manikin having an opening at the insertion
site.

11. The system of claim 10 and further comprising:

an insertion plug positioned over the opening opening

in the manikin, the insertion plug having a flexible
top with an entry slit therein through which the
catheter may be inserted and withdrawn.

12. The system of claim 11 wherein the insertion plug
has a neck extending from an inner surface of its top
which extends into the opening in the manikin to posi-
tion the insertion plug at the insertion site.

13. The system of claim 12 wherein the insertion plug
further includes, on the inner surface of its top, a hard-
ened entry lip surrounding the entry slit.
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14. The system of claim 13 wherein the insertion plug
has a flesh color, with a vein coloration area generally
aligned with the entry slit.

15. The system of claim 11 wherein the means for
defining a path includes a first guide tube having an inlet
and an outlet end; and wherein the means for receiving
the catheter comprises an insertion adapter mounted at
the insertion site below the insertion plug, the insertion
adapter having a cavity which is generally aligned with
the entry slit of the insertion plug for guiding the cathe-
ter from the entry slit into the inlet end of the guide
tube.

16. The system of claim 15 wherein the cavity of the
insertion adapter has slanted surfaces which form a
funnel toward the inlet end of the guide tube.

17. The system of claim 1 wherein the means for
providing an output comprises:

means for deriving a catheter tip position based upon
the signals from the position sensing means; and

means for displaying a simulated waveform based
upon the catheter tip position.

18. The system of claim 1 wherein the means for

providing an output comprises:

computer means for receiving the signals from the
position sensing means, the computer means in-
cluding means for storing data from which simu-
lated output information can be generated as a
function of location of the catheter tip; and

display means controlled by the computer to display
output information selected by the computer from
the stored data based upon the location of the cath-
eter tip.

19. The system of claim 18 wherein the computer
means stores data for each of a plurality of hypothetical
patients, the data including output information to be
displayed when a particular one of the patients is se-
lected.

20. The system of claim 19 wherein the computer
means stores data representing hemodynamic monitor-
ing waveforms.

21. The system of claim 20 wherein the computer
means stores data from which a simulated chest fluoro-
scopic display is produced by the display means, the
simulated fluoroscopic display providing a visual indi-
cation of the location of the catheter tip within the chest
as a function of the derived catheter tip location.

22. The system of claim 1 wherein the manikin has a
plurality of insertion sites; wherein the means for defin-
ing a path includes a plurality of guide tubes, each guide
tube having an inlet end adjacent one of the insertion
sites; and combiner means connected to outlet ends of
the guide tubes for causing a convergence of individual
paths defined by the guide tubes to a single path.

23. The system of claim 22 wherein the position sens-
ing means is positioned along the single path.

24. A training system comprising:

a manikin representing a portion of a human body,
the manikin having a first insertion site at which a
catheter may be inserted into the manikin;

a chamber;

guide means for guiding the catheter along a path
between the first insertion site and the chamber to
simulate movement of the catheter to a desired
location within the human body;

means for determining a position of a tip of the cathe-
ter; and

means for displaying a waveform which represents a
simulation of a parameter measured using the cath-
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eter when the tip is located within the human body
at a location corresponding to the position of the
tip within the manikin.

25. A training system comprising:

a manikin representing a portion of a human body,
the manikin having a first insertion site at which a
catheter may be inserted into the manikin;

a chamber;

guide means for guiding the catheter along a path
between the first insertion site and the chamber to
simulate movement of the catheter to a desired
locaton within the human body;

means for providing encoder signals representing
incremental motion of the catheter along the path;
and

means for determining a position of the tip based
upon the encoder signals; and

means for providing an output as a function of the
position.

26. A training system for training in the use of a cath-
eter of a type having an inflatable balloon at its tip, the
system comprising:

a manikin representing a portion of a human body,
the manikin having a first insertion site at which the
catheter may be inserted into the manikin;

a chamber;

guide means for guiding the catheter along a path
between the first insertion site and the chamber to
simulate movement of the catheter to a desired
location within the human body;

transmitter means positioned at a first end of the
chamber for transmitting acoustic signals;

receiver means positioned at a second end of the
chamber for receiving acoustic signals; and

means for deriving a balloon state signal as a function
of signals from the receiver means.

27. The system of claim 26 wherein the means for

deriving the balloon state signal comprises:

means for providing a transmitter drive signal to the
transmitter means;

means for deriving a reference signal from the trans-
mitter drive signal;

means for deriving a receiver signal from the receiver
means; and

means for comparing the reference signal and the
receiver signal to produce the balloon state signal.

28. A training system comprising:

a manikin representing a portion of a human body,
the manikin having an opening at a first insertion
site at which a catheter may be inserted into the
manikin;

a chamber;

guide means for guiding the catheter along a path
between the first insertion site and the chamber to
simulate movement of the catheter to a desired
location within the human body;

an insertion plug positioned over the opening in the
manikin, the insertion plug having a flexible top
with an entry slit therein through which the cathe-
ter may be inserted and withdrawn;

wherein the insertion plug has a neck which extends
into the opening in the manikin to position the
insertion plug at the first insertion site;

wherein the insertion plug further includes a hard-
ened entry lip surrounding the entry slit;

wherein the insertion plug has a flesh color, and a
vein coloration area generally aligned with the
entry slit; and
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wherein the guide means comprises:

a first guide tube having an inlet and an outlet end;
and

an insertion adapter mounted at the first insertion
site below the insertion plug, the insertion
adapter having a cavity which is generally
aligned with the entry slit of the insertion plug
for guiding the catheter from the entry slit into
the inlet end of the first guide tube; wherein the
cavity of the insertion adapter has slanted sur-
faces which form a funnel toward the inlet end of
the first guide tube.

29. A training system comprising:

a manikin representing a portion of a human body,
the manikin having first and second insertion sites
at which a catheter may be inserted into the mani-
kin;

a chamber;

guide means for guiding the catheter along a path
between the first insertion site and the chamber to
simulate movement of the catheter to a desired
location within the human body; wherein the guide
means comprises:

a first guide tube leading from the first insertion
site;

a second guide tube leading from the second inser-
tion site;

combiner means connected to the first and second
guide tubes for causing a convergence of sepa-
rate paths defined by the guide tubes to a com-
mon path which leads to the chamber.

30. A training system for training in the use of a cath-
eter which has an inflatable balloon at its tip, the system
comprising:

a manikin representing a portion of a human body,
the manikin having an insertion site at which the
catheter may be inserted into the manikin;

guide means for guiding the catheter along a path
from the insertion site;
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means for sensing position of the catheter tip along
the path;

means for sensing whether the balloon is inflated; and

means for providing a simulated output based upon
the position of the catheter tip and whether the
balloon is inflated.

31. A training system for training in the use of a cath-

eter, the system comprising:

a manikin having an opening at an insertion site;

an insertion plug positioned over the opening, the
insertion plug having a flexible top with an entry
slit through which the catheter may be inserted and
withdrawn; wherein the insertion plug has a neck
which extends into the opening in the manikin to
position the insertion plug at the insertion site;
wherein the insertion plug further includes a hard-
ened entry lip surrounding the entry slit; and

guide means for guiding the catheter from the entry
slit along a path to simulate movement of the cathe-
ter to a desired location within a human body;
wherein the guide means includes a guide tube
having an inlet end and an outlet end; and an inser-
tion adapter mounted at the insertion site below the
insertion plug, the insertion adapter having a cavity
which is generally aligned with the entry slit of the
insertion plug for guiding the catheter from the
entry slit into the inlet end of the guide tube;
wherein the cavity of the insertion adapter has
slanted surfaces which form a funnel toward the
inlet end of the guide tube.

32. The system of claim 31 and further comprising:

means for determining a position of the catheter
along the path; and

means for providing an output as a function of the
position.

33. The system of claim 31 wherein the insertion plug

has a flesh color, and a vein coloration area generally

aligned with the entry slit.
- - - Ll -
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Methodist Hospital
Medical Staff

November 29, 1985

Steven Saliterman, M.D.
W11l0 Meadowbrock Medical Building
St. Louis Park, MN 55426

Dear Steve:

RE: Internal Medicine Subspecialty Conference - "Introduction to the
Hemodynamic Monitoring Trainer™

This is simply a brief note to give you some feedback on your presentation
of November 20, 1985. I think we were all struck by the ingenuity of

the model. It obviously represented a great deal of work over a number

of years. All the attendees rated the talk as excellent. I must say, for
my part, I thought it was a clever, innovative, and superb presentation.
Yours sincerely,
David N. Williams, M.D.
Coordinator, Medical Education

DNW/1n

cc: Thomas Slack, M.D.

6500 Excelsior Boulevard St. Louis Park, Minnesota Telephone (612)932-5135
Mailing Address: Methodist Hospital Medical Staff Post Office Box 650 Minneapolis, Minnesota 55440
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Park Nicollet Medical Center i b O

612/927/3123

May 13, 1986

Dr. Steven Saliterman
6490 Excelsior Blvd.
St. Louis Park, MN 55426

Dear Steve:
RE: Hemodynamic monitoring trainer

I would 1ike to express my personal appreciation for your presentation
of the hemodynamic monitoring training device at our surgical conference.
I think it is an extraordinary bit of training aid and obviously has
taken lots of thought and work to develop this and to what I believe to
be a first class training aid. It is a unique trainer, since there is
no good way to teach people about the introduction of Swan Ganz catheters
and what the different parameters and values may mean in terms of the
hemodynamics of the patient with cardiorespiratory aberrations. The
trainer is a significant teaching aid, since one can get different data
into the system so that you can train critcal care nurses and residents
realistically with therapeutic maneuvers and endeavors.

I commend you for the tremendous effort you have put in to this and thank
you for your demonstration and help, I am sure that this will be a signifi-
cant training tool nationwide for those people who are involved in

critical care medicine.

Most sincerely,

% Q

Farl G. Young, M.D.
Clinical Professor of Surgery
University of Minnesota

mg
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..F;;‘ UNIVERSITY OF MINNESOTA  Department of Medicine

S B B TWINCITIES Cardiovascular Division
Box 508 Mayo Memorial Building
420 Delaware Street S.E.
Minneapolis, Minnesota 55455

(612) 625-9100
June 19, 1986

Steven S. Saliterman, M.D. ‘
Meadowbrook Medical Building, Stuie W-110
6490 Excelsior Blvd.

Minneapolis, MN 55426

Dear Steve:

I am sorry I had to leave so quickly on the day you were here to show us the
Hemodynamic Monitoring Trainer. Since I did not have adequate time to talk to
you about it, I wanted to let you know that I was extremely impressed by its
potential. I cannot think of a better way to teach the concepts of hemodynamic
monitoring to students and residents. From my discussions with Bruce and Jay,
they were equally enthusiastic. If I can be of any help to you with the
trainer, please let me know.

Sincerely,
H

Jeffrey S. Schwartz, M.D.
Associate Professor of Medicine

JSS:ds
9 (L-JSSS)

HEALTH SCIENCES
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Mayo CI Inic Rochester, Minnesota 55905 Telephone 507 284-2511

Charles P. Taliercio, M.D.

Cardiovascular Diseases
and Internal Medicine May 26, 1988

Steven S. Saliterman, M.D.
Meadowbrook Medical Building
Suite W-110

6490 Excelsior Boulevard
Minneapolis, MN 55246

Dear Steve:

1 was happy to see you recently in Rochester. I must admit that I
was quite impressed with the Dynacath Critical Care & Hemodynamic
Monitoring Training System. It has an appealing appearance and was quite
user friendly. After just a couple of cases 1 felt quite capable of using
the system on my own. I think the system will be very useful in medical
education at the medical student, resident and trainee level. It will be
important to maintain a large library of cases such that the system can be
used many times by the same individual. Its primary market should be
medical centers with training programs.

Thank you for allowing me to review this exciting educational tool.
Try not to forget some of the people you trained with after you become
rich and famous.
Sincerely,
) ~
44 CLA_/(,*—GL
Charles P. Taliercio, M.D.

CPT/jml
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UNIVERSITY OF CALIFORNIA, SAN FRANCISCO

BERKELEY * DAVIS * IRVINE * LOS ANGELES * RIVERSIDE * SAN DIEGO * SAN FRANCISCO SANTA BARBARA * SANTA CRUZ

SCHOOL OF MEDICINE CARDIOLOGY DIVISION

DEPARTMENT OF MEDICINE Moffitt Hospital, Room 1186
San Francisco, CA 94143-0124
(415) 476-1326

January 11, 1988

Steven S. Saliterman, M.D.
Meadowbrook Medical Bldg., Suite W-110
6490 Excelsior Blvd.

Minneapolis, Minnescta 55426

Dear Steve,

It was great to here from you! I apologize for the delay in getting
back to you but the holidays got in the way.

I have reviewed the information you sent on the Dynacath training
system fairly carefully since it hits interests of mine at a couple of
points - namely hemodynamic monitoring, computers in cardiology and just
plain good, creative ideas. In short I think this is a terrific
development. I agree with you that this is the most effective way to teach
this material and it seems, from looking over the manual, that you have
implemented it very well indeed.

I don't have responsibility for the Coronary Care Unit here, or mu:ch
direct interaction with the teaching of hemodynamics. I have passed the
materials on, however, to Dr. Chatterjee and Dr. Wolfe who do run the unit.
I will have them respond to you or your company directly with their
interests.

I would love to hear about the origins of Dynacath and how you have
grown it up in more detail. I will probably be in Minnescta next summer and
will try to reach you then. Please also contact me if you're out in the
Bay area. I can be reached best by the page operator (415) 476-2155; my
office number is (415) 476-1326 and the home number is (415) 469-7841.

I am locking forward to hearing from you - all the best for the new
year!

Y sincerely,
G. Yock, MD

Assistant Professor of Medicine
Associate Director Catheterization Lab
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Mayo CI INIC Rochester, Minnesota 55905 Telephone 507 284-2511

Guy S. Reeder, M.D.
Cardiovascular Diseases

and Internal Medicine May 26, 1988

Steven S. Saliterman, M.D.
Meadowbrook Medical Building
Suite W-110

6490 Excelsior Boulevard
Minneapolis, MN 55426

Dear Steve:

It was a pleasure to visit with you again and also to see your innovative
device. This certainly is a nice appearing package and, [ think, eminently
marketable., I feel the main targets would be residents in training and
perhaps medical students. While the manikin generates some instant appeal
for those wanting to gain experience with heart catheterization, the "staying
power" of the device will likely reside in the software. Perhaps you will offer
a library of cases exemplifying common clinical cardiologic problems. I think
this would strengthen the salability of the device.

Good luck.

Sincerely,

G. S. Reeder, M.D.

GSR:lg



Mayo Clin iC Rochester, Minnesota 55905 Telephone 507 284-2511

Mahlon K. Burbank, M.D.

Cardiovascular Diseases
and Internal Medicine May 31, 1988

Steven S. Saliterman, M.D.

Meadowbrook Medical Building, Suite W-110
6490 Excelsior Boulevard

Minneapolis, MN 55426

Dear Steve:

I certainly enjoyed watching the Dynacath Training System while you were
demonstrating it. I am amazed at what can be done by a system such as this.
As you know, I do not work in the cath lab, but 1 do recall the difficulties
when I did take some training in the cath lab doing all the calculations and
figuring out the values that we needed. Clearly, with such a system as yours,
anyone training in the catheterization laboratory could understand why it was
so important to make the correct calculations.

I would think that besides for use in training in the cath lab, such
apparatus might be very useful in the intensive care unit to demonstrate to
the noncardiac residents the significance of changes and why such data that is
being acquired is of value.

I wish you luck with your project and was most impressed by your
knowledge and ability to produce such a technical marvel.

Yours truly,
Mah:on K. Burbank, M.D.

MKB:rjk
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Mayo CIII’\IC Rochester, Minnesota 55905 Telephone 507 284-2511

Mark J. Callaha_n, M.D. June 1, 1988
Cardiovascular Diseases
and Internal Medicine

Steven Saliterman, M.D.
Meadowbrook Medical Building
Suite W-110

6490 Excelsior Boulevard
Minneapolis, MN 55426

Dear Steve:

I enjoyed seeing you again and was certainly impressed by the Dyna-Cath
training system. Certainly, its appearance as well as its flexibility are
ideal for hemodynamic/ICU teaching. Its marketability would, I believe,
only be Timited by the ultimate price attached. I would be happy to
consider the unit formally for our position at Mayo when it is commercially
available. However, I must warn you that there will probably be some
divisional resistance to an expensive item in this year of financial
retrenchment. Nevertheless, let's both remain optimistic.

Sincerely yours,

(el

Mark J. Callahan, M.D.

MJC: jmh



Mayo CI INIc Rochester, Minnesota 55905 Telephone 507 284-2511

David A. Ahlquist, M.D.
Gastroenterology
and Internal Medicine

December 16, 1988

Steven S, Saliterman, M.D.
Meadowbrook Medical Bldg.
Suite w-110

6490 Excelsior Blvd.
Minneapolis, MN 55426

Dear Steve:

Thank you for sending me the brochure on your Dynacath Trainer. This
is high tech and most impressive, especially considering the fact that you
have done this on your own.

Best wishes to you over the New Year---all the success with Dynacath!

With warm regards,
Wdﬂ‘?““
David A. Ahlguist, M.D.

DAA:ssl
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ate
January 26,1988

Mr. Steven S. Saliterman, M.D.
President

Dynacath Corporation

Ford Centre, Suite 570

420 North Fifth Street
Minneapolis, Mn. 55401

Dear Dr. Saliterman,

| would like to congratulate you on behalf of Apple Computer, Inc. on your
selection by the National Patent and Trademark Office to exhibit at the
National Inventors Expo '89.

The Dynacath Critical Care & Hemodynamic Monitoring Training System™
is an outstanding example of innovation for medical education and patient
care that maximizes the ease-of-use and intuitive capabilities of the

Apple Macintosh personal computer.

In the era of cost containment, | believe products such as the Dynacath
Trainer, integrating computer technology into patient management, will be
necessary to continue to raise the quality of patient care. We are proud
that the Macintosh provided the appropriate platform to be an integral
part of the Dynacath Trainer. Congratulations again on this achievement
and | wish you tremendous success.

Very truly yours,

ﬁuﬁ
Manager, Healthcare Market

Apple Computer, Inc.
20325 Marman Avenue
Cupertino. Clifornia 93014

TINT157
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Methodist Hospital
June 20, 1988

Steven S. Saliterman, M.D.
Meadowbroock Medical Building
Suite W. 110 .

6490 Excelsior Boulevard
Minneapolis, MN 55426

Dear Dr. Saliterman:

Thank you for the time you spent showing us your hemodynamic trainer. We all
felt very enthusiastic about its potential uses in the medical/nursing field
and about the opportunity you are offering Methodist Hospital in becoming
involved. The years of Lime and hard work you have invested in this project
were obvious, but we were especially impressed with the magnitude of your
talents.

We specifically felt the realistic "feel" of the system and its ease of use by
the true computer novice were outstanding. Its number of practical potential
uses seem almost unlimited and range from technician training, critical care
nurse training, and physician training — at all levels, from beginner to
advanced. To our knowledge this is the only system available that allows for
"hands—on" experience with the procedure of pulmonary artery catheter placement
with a computer based learning center for interpretation and intervention of
hemodynamic data.

We are definitely interested in a follow-through of your original offer to
serve as a pilot test site for your product. Please let us know as soon as you
have a system available for our use.

Sincerely, '

(brwoes e

Candace Lano
Nurse Educator

Pat Robertson
VigeyPresident, Patient Care Services

%25 et

Pat Christie
Director of Nursing

CL, PR, PC/gw

Methodist Hospital 6500 Excelsior Boulevard, PO. Box 650, Minneapolis, Minnesota 55440 Telephone (612) 932-5000
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THE UNIVERSITY OF TENNESSEE
MEMPHIS
The Health Science Center
College of Medicine
Department of Anesthesiology
800 Madison Avenue, Memphis, TN 38163
(901) 528-5892
31 May 1990

Steven S. Saliterman, M.D.
Meadowbrook Medical Bldg.
Suite W-110

6440 Excelsior Blvd.

St. Louis Park, MN 55426

Dear Dr. Saliterman:

Thankyou very much for your participation in the SCA Education
Workshop in Orlando, Florida. Your presentation on Anesthesia
Simulators and Training Devices was very well received. In spite
of having a time slot after the official end of the scientific
meeting, I believe that the workshop overall was a success and
very worthwhile for those who attended.

You should have submitted your travel expenses to the SCA for
reimbursement. In addition, you will receive a per diem of $200,
and an honorarium if you are a non-SCA member or are not eligible
to become one. Again, thankyou for your effort.

Sincerely yours,

DoV Sarn 1t D

Daniel F. Grum, M.D.
Associate Professor
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m UNIVERSITY OF MINNESOTA Health Computer Sciences
Laboratory Medicine and
Pathology
Box 511 UMHC
Minneapolis, Minnesota 55455
(612) 625-8440

October 24, 1990

Steven Saliterman, MD
Meadowbrook Medical Bldg. W-110
6490 Excelsior Blvd.

Minneapolis, MN 55426

Dear Dr. Saliterman:

I would like to thank you for your Biomedical Engineering Seminar presentation
on the critical care patient management simulator. Your overview of the
problem and discussion of your research and development efforts was most
interesting and informative. The large audience and many questions attests to the
widespread interest in this work.

Thanks again for your contribution to our seminar program.

Sincerely,

M/ﬂ —
Stanley M. Finkelstein, PhD
Professor

Director, Biomedical Engineering Seminar Series

SF:dg
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THE JOHNS HOPKINS UNIVERSITY
SCHOOL OF MEDICINE

Please address reply care of
THE JOHNS HOPKINS HOSPITAL
BALTIMORE, MARYLAND 21205

November 8, 1991 (301) 955-6482

James F. Schauble, M.D.
Department of Anesthesiology
& Critical Care Medicine

Steven Saliterman, M.D.
Meadowbrook Medical Building
6490 Excelsior Boulevard, Suite W110

Minneapolis, MN 55426

Dear Steven:

Oon behalf of myself and everyone who worked with you at the
recent Hemodynamic Course, I would like to convey our pleasure in
working together with you and gratitude for your immensely helpful
contribution to the Course. I was chatting on the telephone
yesterday with Frank Booth who will be co-directing the Course at
the session October 31 - November 1, 1992 and we both earnestly
hope that you will accept an invitation to participate in that
session.

It is my understanding that we should be sending you a
purchase order from Hopkins within a few days, and I believe Frank
plans to order a simulator as well. The two of us are hoping to
exchange operating room and ICU cases and build a joint teaching
file based on the experience in Buffalo and Baltimore.

One of the thoughts that has crossed my mind (and which is a
little a part from the concept of using the simulator with a small
group of people or one on one) is to take some of the digitized
waveforms and some of the cases with branching treatment algorithms
and project them onto a large screen in the amphitheater as a way
of encouraging group participation and interchange between speaker
and audience.

I would very much be interested in any comments you have to
make about the teaching.

Again, let me thank you for your contribution.
With warm personal regards. I am,
Sincerely,

Tgrcc

Jamés F. Schauble, M.D.

JFS/sdb
cc: Frank Booth, M.D.
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= e Medtronic, Inc.
Medtronlc 7000 Central Avenue, N.E.
Minneapolis, MN 55432-3576
Telephone: (612) 574-4000
Cable: Medtronic Telex: 29-0598
Telecopy: (612) 574-4879

December 10, 1991

Dr. Steven S. Saliterman

Dynacath Corporation
Meadowbrook Medical Bldg., W-110
6490 Excelsior Bivd.

Minneapolis, MN 55426

Dear Dr. Saliterman:

As follow-up to our December 5 telephone conversation, | would like to confirm
Medtronic’s ongoing interest in your technologies and how they might assist us in
achieving our goal of providing physicians and other pacing healthcare professionals a
learning model to simulate the implantation of pacing leads.

My estimate at this time would be that Medtronic would potentially acquire initially up to
25 or 30 of these systems at a cost range of $3,000 to $5,000. Whether we would like
to acquire exclusive distribution rights is uncertain at this time, but we would like
consideration for this if the opportunity arose.

Again, Dr. Saliterman, Medtronic was extremely impressed with you and your
technologies. | sincerely hope that we will have the opportunity to collaborate further on
this concept and potentially other ventures in the future.
Regards,

) ] ’
A ad . ﬁe//\,(

Paul S. Behl
Sr. Account Executive

PB/dgs
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UNIVERSITY OF MixNESOTA

Division of Cardiology Hennepin Counry Medical Center
701 Park Avenue South
Minneapolis, MN 55415

612-347-2875
Fax:612-337-7495

Department of Medicine
Medical School

December 3, 1992

Steve Saliterman, M.D.
Meadowbrook Medical Building
w110

6490 Excelsior Blvd.

St. Louis Park, MN 55426

Dear Steve:

Your presentation to us was a big hit. I received many favorable comments about
your presentations. The hand-outs were especially popular. The teaching device
you have developed is really quite extraordinary. The real challenge is to use it to
the full extent of its capabilities. Mary Tahnk-Johnson remains enthused about
developing further cardiology cases and I will be working closely with her on that
project. We at Hennepin County Medical Center very much appreciate your taking
time out of a busy schedule to speak to us and to demonstrate your work. I am sure
that we will be in touch soon.

Sincerely,

Jctt
Scott W. Sharkey, M.D.
Director, Cardiac Care Unit
Hennepin County Medical Center

Assistant Professor of Medicine
University of Minnesota

SWS/r
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725 5. Dellwood

Cambridge, MN 55008

Local 612-689-1500

Metro 612-434-6123

Greater MN 1-800-252-4133

Fax 612-689-7739 ﬁ

Cambridge
Memorial Hospital

A HealthSpan™ Organization

April 1, 1994

Dr. Steven Saliterman
6490 Excelsior Blvd., Room 110
St. Louis Park, MN 55426

Dear Steve:

Once again, sincere thanks for joining us in Cambridge this morning
for the (ME exercise on pulmonary artery monitoring and pulmonary
intensive care.

This talk was truly “world class" and was greatly appreciated by our
medical staff.

We are seriously considering obtaining the Swan Ganz simulator for
physician and nursing staff education purposes.

I would like to request that additional copies of the brochure
describing this equipment be sent to the following individuals at
Cambridge Memorial Hospital:

Marly Dolezal, RN ICU
Liz Larson, Medical Education Department
Clayton Peterson, President

In an institution where frequency of Swan is somewhat low, it would
appear that this device could greatly enhance physician and nursing
staff comfort level and sense of competence by being able to practice
interpretation of data and insertion procedures.

Once again, sincere thanks for joining us. 1 look forward to seeing
you in the near future.

Cordially, ._ D N M % /LM

Donald L. Deye, M.D./bkl

CC: C. Peterson, L. Larson W MM
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17th Annuadl

INVENTORS
EXPO

February 12
10am-5 pm

February 11
1-5 pm

PATENT & TRADEMARK OFFICE
PUBLIC SEARCH ROOM
CRYSTAL PLAZA BUILDING 3

2021 JEFFERSON DAVIS HwY.
ARLINGTON, VIRGINIA

e A e kA A kA He kA kA K




298

* Kk

BOOTH ¢

2

10

11

12

14

15

16

20

Weekly Reader
(Young Inventors)

George Cornelius

(Brick and Block Pattern Form)

J.A. Davidson

(Rectangular Cutout Cutting Device)

Alvin Blum

{Joint and Muscle Activity Device)

Robert P. Herbert
{Game Board)

S. Pal Asija
(Computer)

Ruasel P. Gorsha
(Work Support)

Mary Ann Fallis
(Pocket Seat Cushion)

Tom Drake

(Extension Handles for Trimmers)

Jim Hudson
(Gas Chamber Animal Trap)

Nancy G. Abt
{Therapeutic Cooling Wrap)

Peter J. Weyland
(Mouse Trap)

Carl D. Keith
(Camera Support)

Dr. Arnold Rosenberg
(Diet Game)

Joseph L. Knight
(Scribing Rule Guide)

Robert Moyer
{Portable Ladder Step)

William A, Krut
{Magnetic Spinning Device)
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John A. Jakimas
{Collapsible Crab Trap)

Manuel Cornrich
(Pet Food Dispenser)

John Fenton
(Internal Combustion Engine)

Grant Barker
{Air Conditioned lpronlv

Frank McCarthy
(Three Year Calender)

Jules A. Sandor
(Fire Escape Ladder)

Donald F. Kennedy
(Level)

Brian Vantosh
{Vinyl Siding Repalrl

Allie E. Orr
(Illuminating Device Support)

Steven S. Saliterman, M.D.
(Hemodynamic Monitoring)

Ken L. Yost
{Pump Filter Apparatus)

William V, Duggan
(Aerobic Exercise Machine)

Russell A, Byrd -
(Automated Garage System)

Alma Williamson
(Beverage Cooler)

Bozena Kucera
(Mini Seeder)

Jerry Nitzberg
(Accessory For Hammers)

James B. Reswick
(Bicycle Transmission)

Gary W. Roberts
(Vinyl Window Seal)

Harry S. Blech
(Baby Sensor)

Dr, Vinzi Laguna
(Vehicle Anti-Theft Device)
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Eldon E. Larson
(Seal-Greasing Apparatus)

Jan Casner
(Project XL)

Jan Casner
{(Project XL)

Herschel W, Crump
(Sound Muffling System)

Allen Bruce Mage
(3-D Display Device)

Alfred B. Riley
(Manuel Gear Wrench)

Roger F. Moisdon
(Verticle Ship)

John Soumenis
{(Rearview Mirror Assembly)

J.Craig Yacoe
(Geotangent Dome System)

L. John Grenzer
(Portaging Device)

DPaniel Fermaglich
(Baby Seat)

Adam Sebalos
{Pressure Liquid Dispenser)

Lawrence L. Lee
(Perforated Splint)

Frederick L. Jones

(Boat Cover/Winch; Bag Heclder)

Earnest J. Callahan
(Stove Damper)

Chrissellene Petropoulos
(Cold Protective Garment)

Evangelos A. Papadatos
(Chord Selector)

John G, Bjorklund
(Hater Purification Device)

Robert E. Willis
{Door Brace)

Frank 0. Price
(Uuarterback Football Game)
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17 Annual
Inventors Expo

February 11 1989

Peg Saliterman at the US Patent Office Expo
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Critical Care Patient Management Simulation

Steven S. Saliterman, M.D.
Methodist Hospital
Minneapolis

A patient simulator has been developed for training, certification, modeling, and
demonstrating problems in the management of critical care patients. The Dynacath
Critical Care Patient Simulator consists of a personal computer and software, and a
replica of a human torso designed to enable students to practice critical care medicine.
The computer displays patient histories, laboratory results, treatment options, patient
responses, and a real-time cardiac monitor. The torso apparatus is used to practice
insertion of a hemodynamic monitoring catheter, while the cardiac monitor displays
catheter pressure as the catheter is advanced into the heart, pulmonary artery and wedge
position.

Authors build a library of informative cases by using hardware and software tools
provided.

For questions or further information, please call or write Doreen Gruebele, Box 511 UMHC,
420 Delaware Street SE, Univeristy of Minnesota, Minneapolis, MN 55455, 612-625-8440.

This Seminar program is sponsored by the Biomedical Engineering Center, in conjunction
with the Graduate Program in Biomedical Engineering.
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Eric Lance at Park Nicollet Meeting

I'he Dynacath Critical Care &
Hemodynamic Monitoring

| ning System

Annual Meeting of the Society of Critical Care Medicine
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Dogs vs.
Bytes

MEDICAL RESEARCH

Comput@? models may soon re;oicwe some live animal expemments

BY DAVID STAMPS

ists, is that it is increasing every year. Ironi-
cally, this increase comes at a time when
more and more Americans are beginning to
believe that the number of animals used in
laboratory experiments is excessive,

Animal rights groups like People for the
Ethical Treatment of Animals (PETA) have
aroused public support by calling attention to
research projects that duplicate one another
or, in some cases, expose animals to treat-
ment that is nothing short of cruel. Last year,
in one of its more publicized actions, PETA
obtained some 60 hours of videotape showing
experiments performed at the University of
Pennsylvania Medical School’s Head Injury
Lab. The tapes, seized from Dr. Thomas Gen-
narelli’s lab by the Animal Liberation Front,
an underground group that stages raids on
research facilities, showed unanesthetized
baboons being subjected to violent head in-
juries. (The tapes also revealed some dis-
tressingly unprofessional procedures—a lab
technician suturing a wound while smoking a
cigarette, and injured baboons being subject-
ed to cavalier, even mocking, treatment by
laboratory staff.)

Exposure of such abuses is starting to do
more than grab headlines. According to Alex
Pacheco, PETA chairman and cofounder,
the animal rights movement is beginning to
broaden its base of support.

“We're starting to see more professional
groups like the Animal Legal Defense Fund
and Psychologists for Ethical Treatment of
Animals,” says Pacheco. He views this grow-
ing grassroots support as the movement'’s
greatest stride forward in recent years—one
that may outweigh even the potential benefit
from bills recently introduced in Congress
that attempt to tighten controls on the condi-
tions under which animal experiments can be
performed.

“I"d be more enthusiastic about the legisla-
tion if it stood a chance of passing in anything
but watered-down form,” says Pacheco.
“Trying to out-lobby the AMA [American
Medical Association] is pretty hopeless, but
we're starting to win support for future bat-
tles. There is even a new group called the
Physicians Committee for Responsible
Medicine.”

20 | SEPTEMBER 1985 | MINNESOTA MONTHLY

T PROBABLY SAYS SOMETHING ABOUT THE LEVEL OF
concern for laboratory animals in this country that no one knows for
sure how many are sacrificed each year for research, training, or
testing of new drugs and consumer products. The best estimates put
the figure at about 70 million, which includes 250,000 dogs, 100,000
cats, 25,000 primates, 750,000 rabbits, and 60 million rodents. The most dis-
tressing thing about the total number of animals used, say animal rights activ-

Closer to home, the Animal Rights Coali-
tion (ARC), a national organization based in
the Twin Cities, cites figures that it claims il-
lustrate both the growing influence of the
animal rights movement and the difficulty of
effecting change in the medical and research
establishment. The University of Minneso-
ta’s Research Animal Resources Depart-
ment, which supplies animals to most univer-
sity labs, has within the last two years re-
duced its purchases of dogs and cats by 17
and 24 percent, respectively.

“That'sa victory for dogs and cats, the ani-
mals that people identify with,” says Vonnie
Thomasberg, ARC cofounder and spokes-
woman, However, the total number of live
animal experiments done at the university is
increasing at a rate the ARC finds alarming.
Because of a dramatic rise in rat and mice ex-
periments, the number of animals purchased
by the university has doubled from 65,000 in
1982 to more than 131,000 in 1984.

“Animal research is a for-profit business
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and as such will be slow to change its ways,”
says Thomasberg.

There may indeed be resistance to change
within the research community, but part of
the reluctance to abandon live animal testing
and training may also stem from the fact that
alternatives are becoming available very
slowly at best. One of the possible alterna-
tives cited by animal rights groups is the use
of computer models in place of some experi-
ments. Yet despite the availability of relative-
ly powerful but inexpensive computers, use-
ful simulations of live animal experiments are
still few and far between.

Since 1982 Dr. Steven Saliterman has been
dividing his time between his internal medi-
cine practice in St. Louis Park and what
amounts to a one-man research and develop-
ment effort aimed at producing a computer
model for teaching a procedure called hemo-
dynamic monitoring. Hemodynamic moni-
toring involves passing a catheter (which has
an inflatable balloon at one end) from a dis-
tant vein through the heart and into the pul-
monary vasculature. Pressures detected by
the balloon catheter are displayed as wave
forms on an oscilloscope. The procedure is
performed in a coronary care unit, where the
type of wave form displayed can help a car-
diologist determine if a patient is suffering
from simple heart failure, a misfunctioning
valve, or some other heart disorder.

For the past two years, Saliterman has in-
vested an average of five to six hours a day—
plus a fair amount of his own money—on de-
sign, programming, and research for the
project. The result, he believes, is the first so-
phisticated computer model for teaching he-
modynamic monitoring techniques.

The system, a prototype of which will be
unveiled to cardiologists and medical schools
later this month, is actually both a physical
and a computer model, since it includes the
upper torso and right arm of a mannequin.
Electronic sensing devices in the mannequin

e ———————.
Dr. Steven Saliterman with the computerized model he designed to help teach hemodynamic

monitoring. The mannequin, which is attached to an Apple Macintosh computer, was molded after

Saliterman’s own torso and right arm.

PHOTOGRAPH BY JAMES SCHINDLER
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COMPUTERIZED SWAN-GANZ INTERFACE
Next MMCC Meeting

November meeting, Wednesday, Nov. 13, 7:30 pm
Health Associations Center Bldg
2221 University Ave SE Mpls.

A Minneapolis internist has created an unusual
training and testing tool for intensive care
units. Steven Saliterman MD was heavily into
digital electronics before attending Mayo
Medical School. His interest has continued with
the development of a mannequin connected to a
MacIntosh. This allows Swan-Ganz users to
demonstrate and learn skills in intensive care
monitoring and treatment of patients in shock
and heart failure.

The Swan-Ganz pulmonary artery monitor is used

to determine the arterial pressure in the lungs
and in the left atrium of the heart before the

blood is pumped to the lungs. The left atrial

pressure measurement is critical when treating

the hypotension and low cardiac output of shock
victims. Swan-Ganz catheters are the only way

to measure this.

The muTtiple lumen catheter is threaded through
a major vein to the superior vena cava. The
tiny balloon at the tip is then inflated. This
pulls the catheter along with the blood flow
through the right side of the heart. Pressure
measurements are taken in the atrium and
ventricle and shown in wave form, Following the
flow of blood the catheter enters the lungs
through the pulmonary artery, travels down the
branching of blood vessels until it wedges in an
artery that is too small to allow further
passage. When the balloon is inflated it closes
off blood flow creating a situation where wedge
arterial pressure can be measured. The pressure
thus measured is actually a pressure reading
from the left atrium of the heart or the main
pooling chamber just before the main muscle of
the heart, the left ventricle.

Gaining proficiency at the use of the Swan-Gan:z
monitor is a difficult task even in busy
intensive care units where these devices are
used with much frequency. Furthermore, it is
difficult to demonstrate proficiency in the

use of this technique for purposes of
malpractice risk management and hospital
procedure approval. Aside from actually taking
care of acutely i11 patients there has been no
adequate way of learning or demonstrating
facility with this monitaor.

This is where the mannequin interface is useful.
The position of the catheter tip in a simulated
vein is transmitted to the MacIntosh.
Appropriate waveform feedback is presented on
the screen. The system is sufficiently flexible
that actual patient data can be entered by end
users to recreate actual intensive care unit
waveforms on the simulated device. These
waveforms can be programmed to show response to
changes in medications, IV fluids, etc, that
would mimic a patient's response in various
clinical conditions. This allows for rather
sophisticated training and testing in
interpreting and responding to the data
prasented.

Dr. Saliterman will be presenting a
demonstration of this device at the November
meeting of the MMCC, Wednesday, Nov. 13, 7:30 pm
at the Health Associations Center, 2221
University Ave SE, Mpls. Attendance is open tc
all interested persons.

It is very likely that Or. Saliterman's
MacIntosh Swan-Ganz simulator of patient care
problems will become standard training equipmen:
in medical schools and hospital ICUs.

This article was written by Donald Deye, MD, an
internist in Cambridge, MN. Or. Deye is
president of the Minn. Medical Computing
Consortium.
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Learning invasive
techniques without
invasion.

by Donald L. Deye

A Minneapolis internist has created an
unusual training and testing tool for
intensive-care units using an Apple
Macintosh computer. Later this year
Steven Saliterman is scheduled to
demonstrate his uniquely equipped
human mannequin interfaced to a
Macintosh. This configuration will allow
physicians to demonstrate and learn
skills involved in intensive-care
monitoring and treatment of patients in
shock and heart failure.. without having
to invade a human body.

My beautiful balloon

The Swan-Ganz (pulmonary artery)
monitor is a tool with nearly universal
application in medical intensive-care
units. This is a device that allows the
attending physician to gain essential
information about fluids and medications
for patients in shock or with congestive
heart failure.

The Swan-Ganz monitor also
determines the blood pressure in the
lungs and, specifically, what the blood
pressure is in the left atrium of the heart
(the chamber the blood enters after
leaving the lungs). This left-atrial
pressure is impossible to obtain by any
other means and is very important
information for the physician attempting
to improve the blood pressure and
circulation of a patient in shock.

Here's how the Swan-Ganz monitor
works: The physician introduces a
special flexible catheter with more than
one channel into a vein in the forearm or
under the collarbone. The catheter is
then threaded into the main vein of the
upper part of the body (the superior
vena cava) at which point a %-inch
diameter balloon is inflated on the tip of
the catheter.

The balloon acts as a hydraulic anchor
pulling the catheter tip along with the
blood flow into the right side of the heart,
the side which pumps blood from the
veins of the body into the lungs. As the
balloon is carried along through the
heart with the flow of blood, the
physician is able to measure the blood
pressures and obtain pressure wave
forms from the catheter tip, located in
the right atrium, right ventricle and
finally, the artery of the lungs (pulmonary
artery).

The tip of the catheter is further
advanced down the tree-like branching
network of successively smaller arteries
in the lungs until finally the balloon tip
wedges the catheter into an artery which
is too small to allow further passage.

The pressure is then measured
beyond this balloon, which is closing off
blood flow from behind. The pressure
thus measured is actually a pressure
reading from the left atrium of the heart,
or the main pooling chamber just before
the main muscle of the heart, the left
ventricle.

Becoming proficient

Gaining proficiency at the use of
Swan-Ganz monitor is a difficult task,
even in busy intensive-care units where
these devices are used with much
frequency. Furthermore, demonstrating
proficiency in the use of this technique
for purposes of malpractice risk

Medical computing

management and hospital procedure
approval for specific physicians is also
difficult.

Aside from actually use with acutely ill
patients, there has been no adequate
way to learn or demanstrate knowledge
involved with this device—and this is
where the utility of Saliterman’'s Swan-
Ganz monitor simulatot is so valuable.

Using this device, the physician in
training introduces the catheter into a
simulated vein on the arm of the
mannequin. The mannequin is wired in
such a way that the location of the
catheter tip within the vein or heart is
transmitted through the intertace to the
Macintosh computer, triggering
appropriate responses in terms of
simulated wave forms on the monitor.

The physician is graded on whether he
inflates and deflates the balloons at the
corréct positions and finally, after having
demonstrated the manual skill of
successfully passing the catheter, the
physician is given wave forms which
would be identical to those. he would see
in an intensive-care setting.

Actual patient data can be entered by
end users to recreate actual intensive-
care unit wave forms on the simulation
device. These wave forms can be
programmed to show response to
changes in medications, intravenous
fluids, etc., that would mimic an actual
patient’s response in various clinical
conditions. This allows for rather
sophisticated training and testing in
interpreting and responding to the data
presented

Saliterman will present a

demonstration of this device at the
November meeting of the Minnesota ‘
Medical Computing Consortium, Nov. 13 |
at 7:30 p.m.. at the Health Associations
Center, 2221 University Av. SE., |
Minneapolis. Attendance is open to all {
interested persons

It is very likely that Saliterman’s
Macintosh simulator of Swan-Ganz
patient-care problems will become
standard training equipment in medical
schools and hospital intensive-care
units. cu

(Donald Deye. an internist in Cambridge,
Minn., is president of the Minnesota
Medical Computing Consortium.) I
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Cath Lab
In a Box

By Brian Goldman, MD

like it's a slippery ecl. Having missed the right

subclavian vein twice before, she’s not going to let
this one get away. Her patient, a 65-year-old man with
pulmonary edema of unknown etiology, can't afford it. Ner-
vously, she threads an introducer, then a flexible catheter
over the wire. So far, so good. The intern slowly and
carefully advances the catheter toward what she thinks is the
right heart. But on the monitor, all is not well. Even though
she’s advanced the catheter more than 15 centimeters, all
she sees is a peripheral venous pressure tracing. She
withdraws the catheter and advances it, praying that it will
head due south toward the right heart. Twice more, she
tries and fails. Beads of sweat form on her forehéad. Sud-
denly, the patient moans and loses consciousness; his ECG
‘monitor shows asystole. Despite vigorous resuscitative ef-
forts, the patient dies.

“Back to the drawing board,” offers the student's precep-
tor as he shuts off the Dynacath patient simulator. *‘For-
tunately, there's plenty of time to work out the bugs before
‘we let you practice on real patients”

“This patient wasn’t real?” she asks, pointing to the
molded plastic torso. “‘Could've fooled me™

This isn't science fiction. A Minneapolis-based internist
and puter progi has developed a patient simul.
that makes “Resusci-Annie” look like a Barbie™ doll. It's
called the Dynacath Trainer™, and it’s the brainchild of
Steven S. Saliterman, ACP Member, a critical care

specialist at N ist Hospital, in Mi i

Dr. Saliterman has an eclectic background. He studied
physiology at college. A self-taught “whiz kid” in com-
puters, in the late 1960s he built his own personal computer
that went on to win numerous recognition awards, and used
concepts that Steven Jobs would successfully market years
later at Apple Computer, Inc. .

In the 1970s, Dr. Saliterman parlayed his early success
with computers into an externship at the National Aero-
nautics and Space Administration (NASA), while studying
medicine at Mayo Medical School in Rochester, Minn. He
even qualified as a NASA flight surgeon for shuttle missions,
but gave up the position when he bought a Minneapolis-
based practice in internal medicine. Since then, Dr. Saliter-
man has divided his time between a busy medical practice
and research in cardiovascular medicine.

He got the idea for the Dynacath Trainer™ from his expe-
riences as an instructor in advanced cardiac life support at
the Mayo Clinic.

“One of the things I thought was missing in that course
was some way of actively involving a student in a real-time
decision-making process,” says Dr. Saliterman.

“After that teaching experience, I decided I would create
a device that would allow a total management simulation.
That is, where you would be presented with a history and
physical, and have to make clinical decisions.”

The result is the Dynacath Trainer™. It consists of a
Macintosh SE (or Macintosh II or Plus models) computer,
software and the training apparatus that looks like a
nemithorax mounted on a suitcase with lights and a control
panel. It retails for $6249, not including the cost for the

T he medical student holds the end of the “j” wire

Macintosh computer.

Four years ago, Dr. Saliterman founded Dynacath Cor-
poration, the company that markets the Dynacath Trainer™

Here's how the simulator works: the student or physician
is presented with a case history on the computer display.
But the cases aren'’t supplied by Dynacath. Instead, the doc-
tors who purchased the system author their own cases based
on actual patients. Entering a case history requires no pro-
gramming skill. Actual EKG and hemodynamic pressure
tracings that appear on the display add to the sense of
realism.

After reviewing the history and physical examination, the
user orders appropriate y studies and p d
such as blood tests and X-rays, then selects a treatment plan.
As with most patient simulators, the Dynacath Trainer™ is
an interactive program. The user gets to see the conse-
quences of his clinical decisions. In addition, the computer
keeps track of performance, evaluating the appropriateness
of laboratory studies. Dr. Saliterman has also built in a
system for rapid determination of indices used in critical

vanced or withdrawn.

“The simulation follows the algorithm exactly,” says Dr.
Saliterman. “A lot of work went into that algorithm. You
can miss your objective just as much as you would miss or
a real patient. You can put the catheter across the chest, uf
the neck, and down the inferior vena cava”

The simulation is complex enough to permit several oper
ations at the same time. For instance, while the catheter is
still in place, the user can call up the therapeutic module
and order up an inotropic drug. When the user returns to
the pressure tracing, he finds that it has been altered by the
treatment given.

“That’s a true novelty,” says Dr. Saliterman. “There’s
really no simulation in existence, other than Dynacath, that
would allow you to do that.”

Perhaps the biggest difference is that Dr. Saliterman has
put all his effort into the software that drives the clinical
cases, not the cases themselves. It's a radical departure
from what the industry is currently producing; other
publishers put their dollars into developing an up-to-date

care such as hemod itoring and ilatory
support.

Several features make the Dynacath Trainer™ unique. For
one thing, Dr. Saliterman has chosen the Macintosh as the
computer to support his software, a gutsy move at a time
when the lion's share of medical software is written for
IBM-compatible computers. It's a decision that makes some
potential buyers nervous, but Dr. Saliterman shrugs off the
criticism. He prefers the Macintosh because it has superior
graphic displays, and because it's easier than an IBM to
learn how to use.

“I have to look at the manual every time I use one of my
programs on the IBM,” he argues. *“Whereas the people
who use my program—as complicated as it is—[on a
Macintosh,] rarely even look at the manual.

“At one of my test sites, I asked what they thought of my
manual, and they said that they never even looked at it

The Dynacath Trainer™ has the feel of a Macintosh pro-
gram. The displays are divided into convenient windows;

Evan Polenghi

key options are displayed continually. Although the software
is sophisticated, it can be fully operated with a mouse; you
can unplug the keyboard and forget about it.

Dynacath also differs from the competition in that it in-
corporates testing of manual skills into the simulation. To
see a pulmonary wedge pressure tracing on the computer
display, you have to insert a real catheter into a central vein
located on the artifical torso, following all of the correct
procedures along the way. Miss one step, and you don’t

of ge. The problem with this strategy is
that the database inevitably goes out of date in a few years;
it's expensive to keep a database current. With Dynacath,
the users keep the simulator up to date themselves by
authoring new cases.

Dr. Saliterman says that one of his customers—the presi-
dent of a Minneapolis hospital—liked the idea of being in
control of the software.

“Her first thought was that she had no dependency on
Dynacath Corporation,” recalls Dr. Saliterman. “She liked
that. She said: “You might be gone tomorrow, but we've got
your product. And that’s all we need.’ ™

Although Dynacath’s forte is critical care, it can handle
virtually any kind of case, since the data is supplied by the
clinician. The cases can run the gamut from azotemia to
thyroid storm. “Remember, there's no database,” says Dr.
Saliterman. “You're the author. You’ve got the interesting
patient.”

‘Where is this kind of technology leading? Toward cer-
tification of internists, says Dr. Saliterman.

*People have come to me wanting to do studies,” he says.
“You have a requirement in the hospital that every physician
be certified prior to doing a catheterization. How do you
certify them? The tradition has been to ‘see one, do one,
teach one.’ ™

““I want to bring it [Dynacath] into that whole tradition.
Let [the certification process] be supplemented by this non-
patient, a device on the table. Let them be certified on this
first. You can throw at the student many more problems
than they would get under the ‘see one, do one, teach one’
system. You can monitor what they’re doing and how well
they’re doing it. Most important, you’re not going to injure
anybody in the process.

What do internists think of the Dynacath Trainer™? The
jury is still out. Dr. Saliterman has shopped the simulator
around to hospitals and universities across the United
States. Interest is high, although early sales are sluggish.
One of the hospitals expressing interest in the simulator is
the Mayo Clinic.

“1 liked playing with it,” says Mark Callahan, MD, assis-
tant professor of medicine at the Mayo Medical School.
“There’s the game nature of the program that makes it fun.”

Dr. Callahan, a cardiologist at the Mayo Clinic, believes
that the Dynacath Trainer™ could be useful in critical care
settings. However, he stopped short of saying that it's of use
to internists who work in catheterization laboratories.

“I think a lot of the clinicians would say, ‘It's a nice toy,
but we can do better with the real thing ™ he concludes.

Anecdotal evid has i Dr. Sali that
he's on the right track. “The cardiologists are fairly well-
versed and can identify a number of problems, ranging
from pericardial to ism,”

Dr. Saliterman. “But the internists who are doing right
heart catheterizations on critically ill patients tend to have
the manual dexterity skills down, can identify that the
wedge pressure is elevated, but can identify very little
beyond that.

“Almost none of the people with whom I work were able
to identify very simple valvular defects, pulmonary hyper-
tension or pericardial tamponade.”

Dr. Saliterman is sanguine about the future for patient

reach your objective. On the display, a si pressure
tracing changes in real time as the catheter is either ad-

1l “If it isn’t my device, it'll be someone
else’s” W
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STRAIGHT TO THE HEART
Doctor Steven Saliterman, a Park graduate, spoke to mechanical
drafting classes on May 26 about his invention and development of
a machine used to train medical students how to properly insert and
operate a heart catheter. Here Saliterman explains to Freshman Greg

Tronnes the proper method of inserting the catheter.
(photo by Rob Bellin)
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Dr. Craig D. Hall, plastic surgeon at Montefiore Hospital, working with computer during rehearsal for skull reconstruction surgery

... Critical Care at Mayo Clinic
... Broader Use in Skull Surgery
- . . Easing Medical Student Anxiety
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Mayo'’s Simulator --
Preparing for
Critical Care
The Safe Way

Make the wrong move at the wrong
moment for the wrong reason in
the urgency environs of a crit-
ical-care unit, as any medical
specialist in this field will

attest, and the procedure fades
into a statistic.

Yet, how else but with a
desperate life-grasping patient
can the physician learn and re-
tain his or her special skills?
Now, after more than four years
of development, there is a new
technology for medical education
that relies on computer-aided
simulation to help ease the MD-
trainee’s transition to real-
world professional action.

Costing less than $5,000
(plus computer), the portable
Critical Care & Hemodynamic Mon-
itoring Training System (CCHMTS)
of the Mayo Clinic arrives at an
opportune time. "The demand for
proficiency among critical-care
physicians and nurses has never
been higher," says internist
Steven S. Saliterman, MD, of
Methodist Hospital in suburban
Minneapolis. He adds:

"In recent years, this
demand has been reflected in a
dramatic increase in the number
of publications focused in cri-
tical-care medicine. Board cer-
tification has also been insti-
tuted to ensure uniformity in
training and development of high
quality residency programs.”

The CCHMTS is said to be the
only available system that
allows simulation of complete
catheterization of the right
side of the heart, with real-
time simulation of cardiac
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Photograph of Critical Care & Hemodynamic Moni-
toring Training System. In this replica of a human torso, a
catheter may be placed by using standard insertion compo-
nents and advanced through cardiac chambers into wedge
position. System monitors insertion technique, including
improper use of the balloon, prolonged time in wedge
position, and “overwedging” of catheter. Anatomic land-
marks—such as distance to tricuspid valve—are controlled

by software.

rhythms and arterial and cath-
eter pressures.

Suitable medical coondi-
tions for assessment include
arrhythmias, cardiac tamponade,
cardiomyopathies, congenital de-
fects, constrictive pericar-
ditis, fluid and electrolyte
disturbances, myocardial infarc-
tions and complications, post-
operative conditions, pulmonary
disorders, shock, and valvular
defects.

No Inherent Data Base

The system consists of
software that operates on a Mac-
intosh microcomputer, a portable
peripheral unit including a rep-
lica of a human torso, and var-
ious controls to display a real-
time cardiac monitor on the
computer screen. Trainees can
develop manual dexterity skills
in performing cardiac catheter-
ization, and cognitive skills in

"Although an airline pilot or an astronaut would not be
expected to assimilate all skills necessary for their
jobs by experiencing many potential disasters, critical
care providers depend on actual patient contact”

Computers & Medicine

interpreting cardiac rhythms and
hemodynamic data.

In contrast to other sim-
ulators and computer-oriented
instructional programs, the Mayo
system contains no inherent data
base. Instead, authors build a
library of informative cases by
using its hardware and software
tools. Individual modules of au-
thored clinical information are
transparently linked as a stu-
dent undertakes management of a
patient.

"Although this is a tech-
nological achievement,” says Dr.
Saliterman, "determination of
its usefulness as an instruc-
tional tool or certification aid
must come from broader use and
controlled studies.”

Material & Methods

The simulated adult torso
is made of rigid polyethylene,
with access ports for right-
heart catheterization. An in-
ternal guideway leads the ca-
theter to precision-aligned
rollers that rotate an optical
encoder which provides infor-
mation to the computer about



catheter position and direction
of motion.

A three-way adapter is
connected between the catheter
and a syringe for diverting air
into a durable internal balloon.

A power cable connects the
torso apparatus to the compu-
ter's modem port.

Two levels of operation
are available: a case input and
development function for in-
structors (or "authors') and a
simulation function for students
(or "trainees"). A computer key-
board is unnecessary during sim-
lations; selections are made by
using the apparatus switches or
by pointing the computer to
suitable screen buttons and
controls.

The author creates a
case by dividing the total man-
agement problem into individual
operation or "modules.” Each is
a group of data consisting of a
history and physical examination
(or subsequent progress note or
consultation), hemodynamic data,
study options and results, four
potential treatment plans, and
appropriate discussion.

Data are entered for the
patient's initial condition and
for the consequence of each

treatment plan. Histories, phys-
ical exams, progress notes, and
consultations are entered via
standard word processing.

Trainee Operation/Evaluation

The trainee begins a simu-
lation by selecting a case from
the library (shown as a menu
item) and reviewing information
provided on the initial history
and physical exam. (See flow
chart at right.)

As in a real-life situa-
tion, the trainee may order stu-
dies, select a treatment plan,
seek consultation, or connect
the patient to a cardiac moni-
tor. Study alternatives are pro-
grammed by the author. Once a
treatment plan has been chosen,
all data change to conform with
the intervention.

Trainee performance is
monitored for both cognitive
skills is patient management and
procedural skills at catheteri-
zation. The former is achieved
by assignment of a numerical
score for the care provided, de-
termination of unnecessary or
inappropriate studies or
treatment, and cost analysis of
the care.

For example, if the

File Edit Done

Johnson, Jack A.
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Mayo'’s Simulator --

Limitations

Although preliminary results are
promising, there are limits to
current effectiveness of the
Mayo Clinic’s critical-care sim-
ulator (see main story).

One is its inabllity to
simulate ventilator management.
Also, the component torso appa-
ratus is not designed for place-
ment of airways, chest tubes, or
Intra-aortic balloons or for
performance of thoracentesis or
pericardiocentesis.

A more worrisome potential
drawback of the system is the
prospect of a poorly authored
case becoming widely used,
thereby generating unacceptable
procedures or methods. This risk
can be reduced, suggests Dr.
Saliterman, by peer review of
authored cases, similar to the
peer-review process for scien-
tific manuscripts. .

trainee orders a lumbar punc-
ture, the following authored
response could appear: "Patient
refuses. Performing a lumbar
puncture would be unsafe in
light of the head computed to-
mographic findings.(-10) $125."
In such a situation, the
system recognizes the word
‘unsafe” and increase the "in-
appropriate" score by one. In
addition, selecting this test
(Continued next page)
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@ Rate & Pressure Data
Response: Initial

Heart Rate:

and Physical
Johnson, Jack A.[1]

Progress Note

Pressures

o
-
2
3

fArterial

Progress Note

S: Mr. Johnson has no further complaints
of chest pain, and asks if he can be
discharged. He states that he is short
breath, and is feeling dizzy.

: BP=95/80, pulse=50, temp.=37.

Heart is normal to auscultation,
lungs have bibasilar rales, and his
extremities have mild pitting edema

more intense|
|| erm end nec
| over the past|

o

i || Past History
ppendectom

Example of computer screen appearance when Entry of module-specific data is by means of dialog
history and physical examination are entered. Multiple boxes, such as example shown here for heart rate and
documents may be open at one time, including the initial hemodynamic values. Similar dialog boxes are used for
history and physical examination, progress notes, and entry of study options and results, treatment plans, and
consultations. Editing features include “cutting and past- discussions. Computer cursor is moved to appropriate
ing” of text within or between documents. Because each entry point above, and values are typed on computer key-
document is saved by a patient pseudonym, memory is also board. Default values (previously stored data) are shown
reserved for storage of module-specific data. BP = blood when dialog box first appears. New data are incorporated
pressure; S = subjective; O = objective; A = assessment; P= into module by selecting “Save.” PA = pulmonary artery;
plan. RA = right atrial; RV = right ventricular.

Computers & Medicine



Mayo's Simulalor --

Preparing for
Critical Care
The Safe Way

(Continued from page7)

decreases the trainee’s "per-
formance" score by 10 and in-
creases the "cost of care" by
$125. Because no standard of
care is purported by the system,
authors must give the same at-
tention to detail and accuracy
as they would a lecture or
publication.

"The initial impression
of specific users [of the sys-
tem] have been favorable," Dr.
Saliterman writes in Mayo
Clinic Proceedings. "In par-
ticular, ease of use by the true
computer novice and the quick

ability to program cases and mo-

nitor tracings into the equip-
ment are considered important
fealures..

"This system is not
intended to replace actual pa-
tient contact but rather to
prepare the trainee before en-
countering certain management

"In contrast to other simulators and computer-
oriented instructional programs, this system contains
no inherent data base. Instead, authors build a library
of informative cases from its hardware and software”

ntroduciion  Calculators [RIE fluthars Done

Trainee Performance
Lal] Score = 86

. Cost for managing this patient is $2115.01 .

. Balloon was down entering the right ventricle.

. Balloon was down entering the pulmonary artery.

. Catheter was in wedge position for 56 secs.

. Balloon was up backing across the pulmonary valve.
. Balloon was up backing across the tricuspid velve.

. 1 unnecessary order was given.

1
2
3.
4,
5.
6
7
8.

. 2 inappropriate orders were given. LY

Performance is assessed for both cognitive and
manual dexterity skills. The system automatically pro-
cesses authored information to identify unnecessary or in-
appropriate actions taken by the trainee.

problems. The trainee may be a
medical student learning basic
skills or an experienced cardi-
ologist desiring to study prob-
lems rarely encountered.

“In addition, the system
may be used to demonstrate mod-

els of unusual cardiovascular
function, such as an artificial
heart. Finally, this computer-
ized simulator offers an alter-
native to animal-oriented work-
shops in catheter use and thus
may lessen the need for experi-

Mayo’s Simulator --

cine has lagged so long behind
aviation and space flight --
even behind automobile -- in-
struction in developing simu-
lators as a vital learning

dealing field of critical care.

Wonder no more, with Mayo
Clinic’s computerized simulator
(see main story). As Internist
Steven S. Saliterman, MD, ex-
plains, "Although an airline
pilot or an astronaut would not
be expected to assimilate all
the skills necessary for their
jobs by actually experiencing
the many potential disasters
that await them, critical-care
providers have traditionally
depended on actual patient
contact for much of their
training.

"The complexity of treat-
ment modalities and the sophis-
ticated technologies available
to providers have strained our
traditionsal educational pro-

Learning to Fly

One might well wonder why medi-

source in the comparably death-

mental animals for this purpose.”
For additional information
contact: Steven S. Saliterman,
MD, Meadowbrook Medical Bldg.,
6490 Excelsior Bivd., W-110,
Minneapolis MN 55426. ]

grams. Although perceived as an
important adjunct, advanced sim-
ulators In medical training

have been introduced slowly. In
the future, simulators may play

a crucial role in continuing
education and the granting of
privileges for performance of
certain procedures.”

True, Dr. Saliterman con-
cedes, patient-management simu-
lators have traditionally inte-
grated varied manikin components
with computer display of import-
ant physiologic events: "Some
devices are impressive in their
abllity to duplicate bedside e-
valuation or administration of
anesthesia, providing life-like
resp for the dent.”

But not until the advent
of Mayo's system has there been
such a degree of automation for
critical-care trainees. Its
patent No. 4,642,055, awarded in
1987, has only recently been im-

plemented for broad use. "

8 Computers & Medicine

Hospital Robots

Each year, 15,000 patient= die
from diseases contracted in hos-
pitals. But the hospltal patient
of the next century will be ad-
mitted to a room that has been

1 d by h
keeping robots ti ly ac-
tive in decontamination and

infecti waste g tso

as to minimize hospital-contrac-
ted disease.

All courler activities will
be carried out by robots. They
will deliver late meals, pharma-
ceuticals, medical records, sur-
gical supplies, blood samples.
-- Joseph F. Engelberger in

Feb. 11 HealthWeek
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Calculators

Trainees H Done

Select Patient

One Module
Open Chart -
vy :
4 4
¥y
Order Studies | I Select Treatment —' I Discuss Treatmenﬂ I Cardiac Monitor ]
Initial Initial
A
A4 v A A4
Restart Retreat to Advance to Trainee
First Module Prior Module Next Module Performance
(10f4)

Flowchart of program operation for trainee level. Once a patient has been selected and the history and physical
examination have been reviewed, the trainee may elect to order studies, select a treatment plan, review discussion
material, or connect the patient to the cardiac monitor. “Initial” data are presented if no treatment has been selected. After
one of four treatment plans has been selected, ordering further studies or review of the cardiac monitor will reveal the
consequences to the patient (numbered boxes). If appropriate, the trainee may—by selecting “Advance to Next Module”—
review the chart again for progress notes or consultations and thereby continue management of the patient.

Computers & Medicine 9
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Introduction

Competitiveness in the global marketplace
is one of the most critical issues facing
American industry today. Technology is the
key to successful competition: the nation
that boasts the most advanced technology—
and the ability to effectively and efficiently
apply it to new products—will inevitably be
the leader. With this leadership comes a
robust economy and an elevated standard
of living for the leader-nation’s people.

This is why the great storehouse of
technology NASA has built over the past
three decades of acrospace research is more
important than ever. This technology is
not perishable; it can be used over and
over—and it can be applied in areas far
different from those for which it was origi-
nally developed.

NASA-developed technology,
therefore, represents an immensely valuable
bank of know-how on which American
companies may draw to bring new products
and processes to the world market—at more
competitive prices because the technology
has already been developed.

Thousands of companies have
taken advantage of this national technology
resource. Many of them have generated
secondary applications. Hundreds of spinoffs
have resulted from the application of space-
derived technology. In fact, considering the
difficulty of tracing the technology source
embedded in many of our new products,
the actual number may be several times
this estimate.

Whatever the number, spinoff
products and processes have collectively
made an enormous contribution to the
U.S. economy, job creation, industrial
productivity, and the nation’s lifestyle.
They represent a substantial dividend on
the national investment in aerospace

research.

Through its Technology Transfer
Program, NASA seeks to broaden and
accelerate the spinoff process to expand the
economic and social benefits to the nation,
and to facilitate the secondary application
of NASA technology by those who can make
productive use of it. This publication is
designed to heighten awareness of the
technology available for reapplication and
its potential for public benefit.

Spinoff 1992 is organized in three sections:

Section 1 summarizes NASA’s
mainline programs. These programs have
objectives which require development of
new technology and, therefore, expand the
bank of technology available for transfer
in future years.

Section 2, the focal point of this
volume, contains a representative sampling
of new spinoffs that have resulted from
secondary application of technology
originally developed to meet the goals of
the mainline programs.

Section 3 describes the various
mechanisms NASA employs to stimulate
technology transfer. It lists, in an appendix,
contact sources for further information

about the Technology Transfer Program.

LT ces-

John G. Mannix
Assistant Admanistrator for Commercial Programs
ics and Space Ad:

National A
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Health and Medicine

J@Q’a

Medical Training Aid

| 3
elow, Dr. Steven S. Saliterman (seated)
of Minneapolis, Minnesota is explain-
ing use of the Dynacath Critical Care
Patient Simulator™ to a medical resi-
dent. Incorporating NASA simulation tech-
nology, Dr. Saliterman developed the system
as a means of training physicians, students
and nurses in critical care management and
hemodynamic monitoring (monitoring the
pressures associated with heart catheteriza-
tion procedures). He founded Dynacath
Corporation, also of Minneapolis, to market
the system.

Linked to an Apple Macintosh com-
puter, the main components of the Dynacath
simulator are a computer program, a
display unit (shown in closeup at right) and
a lifelike replica of a
human torso.

Hemodynamic
monitoring is typically
performed by a physi-
cian in a hospital’s
intensive care unit. Its
purpose is to measure
accurately the pressures
e L within the heart and the
pulmonary artery to determine the type and
extent of cardiopulmonary disease, to moni-
tor heart function and to evaluate treatment
options. Where training in this procedure
was formerly conducted at the bedside of a
live patient, the Dynacath system allows train-
ing to develop both patient care and pro-
cedural skills through repetitive simulation.

The system’s display unit shows
patient histories, progress notes, consult-
ations, treatment options and results.
Patients’ responses change based on the
treatments selected. The torso and its inter-
nal sensors permit repetitive practice of
catheterization, with realtime simulation

76
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of heart rhythms and pressures displayed

on the screen. In addition to its value as a
training aid, the system is useful as an aid
to physician certification or as a tool for
evaluating the quality of care delivery.

Since its introduction in 1990, many
hospitals and research universities have
adopted the system and a number of heart
catheter-producing companies have pur-
chased units.

The Dynacath system is based on
Dr. Saliterman’s own extensive medical and
engineering background and on NASA simu-
lation and instrumentation technology
acquired during his employment at two
NASA centers. He attended Mayo Medical
School and Mayo Graduate School,
Rochester, Minnesota from 1973 until 1980.
During that time, he also served as a summer
intern at Johnson Space Center (1973-74)
and as a life sciences research fellow at Ames
Research Center (1976). Dr. Saliterman is
currently a practicing physician at a
Minneapolis clinic; a consultant at Methodist
Hospital in Minneapolis; an instructor in
advanced cardiac life support for the
American Heart Association; and senior
aviation medical examiner for the Federal
Aviation Administration. e

TMCritical Care Patient Simulator is a trademark of
Dynacath Corporation.
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Case Authoring
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Shipping Box

The Dynacath Critical Care &
Hemodynamic Monitoring
Training System

User Manual fo Model 2010
with Installation & Startup Guide
and Author Workbook

Dynacath Corporation
Minneapolis, Minnesota

User Manual

Shipped Accessories

s
L

Software Case

Power Supply
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Tomorrow's Training Technology Today.

% Tntrouction Calculaters

R et Trestment oot
I For Patient Johnson, duck A. X

© ogtion | © option 2
dmit To CCU, start 02 of 2 1 e [‘Tﬂﬂlm.a Trom the ER. ‘

INC, marphine 2-5 mg 11 prm fori
Inoin, NTG titrated for psin.

Otption 3 C optian 4
o

edicor fioor, appij | [(Request s immediste
ateh, nd request | [cardiology consultetion.

Interactive displays allow for review of
histories, ordering studies and selecting
treatment plans.

The cardiac monitor displays rhythms,
and arterial and catheter pressures in
real-time during catheterization

ONamowTrace @ Wie Trace

A waveform editor allows direct entry
of existing waveforms into instruc-
tional cases.

Dynacath's Critical Care Patient Simulator

The Dynacath Critical Care & Hemodynamic
Monitoring Training System is designed for training and
certification in the management of critical care patients.

The Macintosh® computer displays patient
histories, progress notes, consultations, study options and
results, and a cardiac monitor. Patient responses change
based on the treatments selected. The torso apparatus is
used to practice right-heart catheterization, with real-time
simulation of rhythms, and arterial and catheter pressures.

Instructors may create their own library of informa-
tive cases, or make use of the many demonstration cases

Typical work station
includes the torso ap-
paratus, Macintosh®
computer, Kurta
digitizing tablet,
software, operating
manual, and stan-
dard catheter compo-
nents.

provided. The comprehensive authoring system includes a
word processor, interactive displays for data entry, and an
ability to enter actual patient monitor strips by tracing on a
digitizing tablet.

Suitable medical conditions for study include
arrhythmias, cardiac tamponade, cardiomyopathies, con-
genital defects, constrictive pericarditis, fluid and electro-
lyte disturbances, post-operative conditions, pulmonary
disorders, shock, valvular defects and more.

Potential users include medical and graduate stu-
dents, residents, subspecialty trainees, hospital medical
staff, nursing staff, and technicians. The system is port-
able, and is easily carried to conferences and workshops.

To find out more about this exciting new technol-
ogy please call or write:

Dynacath Corporation

570 Ford Centre * 420 North Fifth Street
Minneapolis, MN 55401 * (612) 333-4298

@ Dynacath C Patentad is areg «of Apple Computer, Inc.
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ynacath's Critical Care Patient
DSimuIator is designed for training and

certification in the placement of pulmonary
artery catheters, and management of associated
medical conditions. It is especially useful for
anesthesiologists, cardiologists, intensivists, pul-
monologists, and surgeons involved in teaching.

An Apple Macintosh® computer displays
patient histories, progress notes, consultations,
study options and results, and a cardiac monitor.
The torso apparatus is used to practice right-
heart catheterization, with real-time simulation of
rhythms, and arterial and catheter pressures.

The comprehensive authoring system
includes a word processor, interactive displays
for data entry, and the ability to enter actual
patient monitor strips by tracing on a digitizing
tablet. Cases are entered by instructors at a

Simplicity

given institution rather than being distributed by
Dynacath. This encourages cases that are time-
ly and tailored to the specific audience. The sim-
ulator is in use throughout the country, and
cases may be shared with other users by
exchanging standard computer diskettes.

Suitable medical conditions for simulation
include arrhythmias, cardiomyopathies, congeni-
tal defects, constrictive pericarditis, fluid and
electrolyte disturbances, myocardial infarctions,
post-operative conditions, pulmonary disorders,
shock, tamponade, valvular defects and catheter
troubleshooting.

Potential users include medical and grad-
uate students, residents, subspecialty trainees,
hospital medical staff, nursing staff, and techni-
cians. The system is portable, and is easily car-
ried to conferences and workshops.

Dynacath Critical Care & Hemodynamic Monitoring Training System”

enu-driven displays on the Macintosh
computer are easily learned even by the
computer-novice.

After cases have been entered into the
system, the student begins a case by opening a
file containing a presenting history & physical,
and is then prompted to order studies, show the
cardiac monitor, perform catheterization, or
select a management plan.

The course of action is left up to the stu-
dent, and the system monitors unnecessary or
inappropriate studies and treatments, cost of
care, and procedural skills in proper catheter
placement. An overall performance score is then
determined for the student.

Advanced features include simulation of a
three channel cardiac monitor, and ability to run
a strip of the display for closer analysis. In addi-
tion there is a cardiac indices calculator that is
dynamically linked to the monitor.

Customary pulmonary artery catheters
and introducer kits may be used with the manikin
apparatus. Electrocardiogram, arterial pressure
tracing, cardiac output and oxygen saturation
data may be selected from the front control
panel. Air from the syringe is diverted into a
durable internal balloon. Alternatively, switches
on the control panel may be used in place of the
syringe.

The system determines location of the
catheter and whether the balloon was inflated or
deflated when passing through a valve. It reports
time in wedge position, and demonstrates a
pressure change from wedge to pulmonary
artery if the balloon is deflated in proper position.
Moreover, overly advancing the catheter causes
incorrect pressure readings.

The probability of missing the heart as the
catheter is advanced, and distances to anatomi-
cal landmarks (tricuspid and pulmonary valves,
wedge position) are instructor specified.
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Realism

pulmonary artery catheter may be placed

from the right basilic, subclavian or internal
jugular veins via fixed access ports. Customary
insertion components and techniques may be
used.

he cardiac monitor displays pressure data as
the catheter is advanced through the heart
into capillary wedge position.

= 0xygen saturation &
il Cardiac Output

[ ABGS PH =7.41, P02=89, PaC02=40, 02sat=92%
Fio2=.20

E Puoz Mined Venous Onygen Content = 30 mmHtg

B suo2 Continuous Blood Onygen Saturation = 92%

Bco Cardiac Output = 3.2 liter/min

& PUR Pulmonary Vascular Resistance = 100

dynesesececm-5

nteractive displays allow for ordering of labora-

tory, imaging and respiratory studies. Study
options and results change depending on the
management plan selected by the student.

nternal sensors detect catheter motion and

position. Air from the syringe is diverted into a
permanent internal balloon, allowing an old
catheter to be used, regardless of its balloon
condition.

[Catheter ) [(Arterial | [ Timing Line | [PAMLine ) [ Done )

Strips may be run of any monitor display allow-
ing detailed analysis of timing and the a, c, v,
x descent and y descent waveform components.

' Select Management Option
for Patient John Doe

© Dption 1 O Option 2
Increase PEEP to 10 cm. [Discontinue PEEP.
© Option 3 O Option 4

Request a Pulmonary Service
[consultation.

[Question the accuracy of the
pulse oximeter, and consider
continuous analysis of blood
lonygen saturation. Calibrate
|with a mined venous sample.

( Cancel ]

[ 1mplement |

anagement plans may be selected at any

time, and options change as a case
advances. Immediate discussion text follows
each selection.
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Calculators
Cardiac Indices Calculator Trend for Key Hemodynamic Indices
#1 #2 #1 #2
(carcuste J co g8 osn INENE o co: 40 5.1 BSR: 177 177
Clear Results L 102 ] - Lt - HR: 102 ag cr: 2.3 2.9
MAP |80 su o s S MAP: 80 80 su: 39 64
] st R wsw S coP: 5 5 soi: 22 36
[ sawe ) FAM [14 sun N eow [N PAM: 14 ] SUR: 1499 1176
PAW (13 sunl NN row (NN PAW; 13 18 PUR: 20 16
wt 70 eon EONEE svse SN LUSWE: 20 30
[ bone ] Ht 150 roni [ rvsw BN RUSWI: 3 7
[increase # ] (Decrease #] [ nDone |

he Cardiac Indices Calculator is one of four
calculators available. Others are for respira-
tory, ventilatory and renal function indices. This
calculator is dynamically linked to the strip
recording, allowing a student to identify the cor-

Authoring Cases

Recordings taken from the ICU, operating
room or cardiac lab are easily traced with a
cordless cross-hair cursor, allowing capture of
up to a three second "wave bite" directly into a

© 1993 & Patented, Dynacath Corp.

rect mean pressure prior to its being automati-
cally ported to the calculator. This calculator also
allows saving up to five sets of results to a trend
display (above) during a case study, allowing
comparison over time.

m Rate & Pressure Dato
Response: Initial

Heart Rate:

Pressures Systolic  Diastolic

()
(]
(o)

Arterial

EEERE
e

case scenario. Waveforms are processed to
conform with selected rate & pressure data
above. Similar displays are used to enter stud-
ies, management options and discussions.

Dynacath

Meadowbrook Medical Building W-110
6490 Excelsior Blvd. ® Minneapolis, MN 55426

612-920-8773

The standard for pulmonary artery catheter training.
Review articles: Mayo Clinic Proceedings 65:968-978, 1990;
Computers & Medicine 20:6-9, 1991; NASA Spinoff, 1992, pp 76.
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