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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 II 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 I was an invited participant in the 
17th 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  
2018 
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