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Abstract _______________ _ 

A "user friendly" microcomputer-generated data 
management system designed for on-site docu­
mentation and immediate analysis of patient 
parameters during cardiopulmonary bypass is pre­
sented. The program is a macro-driven template for 
use with Lotus 1-2-3 (ver. 2.0) on IBM PC-XT or 
compatible such as the Zenith Z-183 Laptop com­
puter used in this report. Automatic calculation of 
data requiring minimal input includes kilos, centi­
meters, body surface area, blood flow, fluid bal­
ance, heparin, protamine and mannitol dose and 
systemic vascular resistance. Also included is 
autocomputation of documented minimum, maxi­
mum and average pressure, blood flow, oxygen flow/ 
percent, temperature, activated clotting time and 
SVR. Basic file functions are easily performed as 
saving, retrieving, deleting and report generation. 
Database management capabilities include sorting 
by contents of fields, searching for specific records 
and graphing of selected parameters. The use of a 
computer-generated perfusion record has become 
a valuable tool in the tracking and evaluation of 
important patient parameters during cardiopulmo­
nary bypass. 

Introduction _____________ _ 

A microcomputer-based charting system has been 
in use for documentation and evaluation of patient 
parameters during bypass. The program is a template 
to be used with Lotus 1-2-3• and is used by the per­
fusionist for charting during cardiopulmonary bypass 
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on a laptop microcomputer. Data collected are printed 
out and included as part of the patient's permanent 
record. All data collected are backed up weekly to tape 
and stored for later retrieval and analysis. 

Materials and Methods _________ _ 

The laptop computer used in this study is the Zenith 
Z-183b with a 10-megabyte hard disk MS-DOS 3.2 640K 
RAM (Figure 1). The computer runs at 8 MHZ and 
has a 8086 processor. We found the back-lit screen to 
be clear and easy to read. In addition the unit is sturdy 
in design with a well-designed keyboard (Figure 2). A 
laptop computer was selected because of its portabil­
ity, a plus on long-term assist cases. It is compact 
requiring little space and operates on AC or DC power 
preventing data loss during power outages. All patients 
charts are saved to the hard disk. 

The printer used is an Epsonc printer and all charts 
are printed in triplicate after each case for various 
hospital needs. 

All patient data collected on the department's two 
laptop computers are transferred weekly to hard disk 
on a desktop IBM PC-XP and immediately backed up 
using a Irwine tape back-up system for later retrieval 
and analysis of the data. 

The program developed is a macro-driven template 
for use with Lotus 1-2-3 (ver. 2.0). Both Lotus and the 
program titled "AUT0123" are copied to hard disk 
for ease of use. This prevents changing of floppy disks 
during use and loading of the program. "AUT0123" 
is a automatically loading spreadsheet. 

All normally recorded patient parameters during 
cardiopulmonary bypass are recorded as well as 
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Figure 1: Zenith Z-183 with a 10-rnegabyte hard disk MS­
DOS 3.2 640K RAM. 

Figure 2: The Zenith Z-183 keyboard is uncrowded for larger 
hands and has a solid feel. The function keys are positioned 
at the top of the keyboard. 

important preoperative information (Figure 3•bc). 
Automatic calculation of selected parameters is 
accomplished through formulas resident in the pro­
gram. 

Actual data entry is facilitated through the use of 
macros. A macro is a two-keystroke combination 
invoking a user-defined program. The use of macros 
reduces data entry time and increases consistency and 
accuracy in data entry. All events usually recorded by 
the perfusionist during a case are written in macro 
form reducing a many-keystroke combination to a series 
of two. Figure 4 shows the input and its associated 
macro output. 

A graphic representation of temperature trends 
(Figure 5) and anticoagulation management (Figure 6) 
during the case is instantly available through a macro 
driven menu. 

Standard file functions such as saving, retrieving, 
deleting and printing are easily performed through a 
macro driven menu. 

Results _______________ _ 

Through use of this program, essential information 
is collected in a uniform and organized fashion cre­
ating a database of information. Evaluation of data 
collected is done rapidly and easily through macros 
written specifically for database management. Rec­
ords can be queried for the latest trends and relational 
aspects without hours of searching through charts or 
additional programming. 

Searches through the database can be as simple as 
finding all coronary bypass patients or as difficult as 
finding all of the female patients between the ages of 
45 and 55, with a body surface area between 1.52 and 
1. 70, having coronary bypass surgery, with 0 positive 
blood, receiving one or more units of blood on bypass, 
on an urgent status, using a Bentley CM50, by per­
fusionist Smith and surgeon Jones. 

Graphic representation of database searches is 
macro driven and takes the form of a pie chart, bar 
graph, line graph or an XY graph (Figure 7•bcct). 

Statistical functions such as standard deviation, var­
iance, minimum, maximum, average, mean, and stan­
dard deviation are available when a database query is 
performed. 

Billing and short operative reports can be generated 
eliminating the need to switch to a new program 
through the use of macros. 

Discussion _______________ _ 

Implementation of computer charting was done in 
four stages lasting four weeks. 
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Figure 3. Patient Chart. 
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a. Page 1 contains the parameters most often queried in the 
database. Formulas resident on page one for automatic 
calculation include: conversion of inches and pounds to 
centimeters and kilograms, calculation of B.S.A., blood 
flows, heparin and mannitol dose, and fluid balance. 

b. Page 2 contains event listings, a blood record and a drug 
chart. Pressure, flow, and temperature values are also 
recorded. The minimum, maximum and average of each 
parameter recorded are recalculated each time a new 
entry is made. 

c. Page three contains all blood gas and electrolyte values. 



MACRO INPUT AND OUTPUT 

PRESS [ALTJ KEY AND LETTER CODE 

CODE I OUTPUT I CODE I OUTPUT 
----------------------1---------------------------

J TIME BG/ACT/HEPCON I A I TIME ARIMINE <MG> 
F TIME OFF BYPASS I C I TIME CACL ( MG > 
0 TIME ON BYPASS I D I TIME CDPG < CC > 
X TIME X-CLAMP ON I H I TIME HEPARIN <MG> 
Z TIME X-CLAMP OFF I L I TIME LIDOCAINE <MG> 
E TIME ELEC. DEFIB. I Y I TIME NEOSYN <MG> 
S TIME SPONT. DEFIB. I G I TIME NTG <MG> 
B TIME FIBRILLATION I K I TIME KCL <M/EQ) 
R TIME REWARM I P I TIME PROTAMINE ( MG) 
M FILE PRINT MENUI N I TIME NAHC03 (M/EQ> 
W GRAPH MENU I T I TIME THORIZINE <MG> 
I SELECT OPTION I Q I TIME ONLY 

Figure 4: Keyboard input and associated macro output. 
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Figure 5: Representation of a macro-driven temperature trend 
graph instantly available during bypass. 
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Figure 6: Representation of a macro-driven anticoagulation 
management graph instantly available during bypass. 

The first stage, lasting two weeks, required two 
perfusionists. The primary perfusionist was solely 
responsible for perfusion duties while the secondary 
perfusionist was responsible for computer charting. 

The second stage, lasting one week, also required 
two perfusionists. The primary perfusionist was 
responsible for perfusion duties and computer chart­
ing while the secondary perfusionist, stationed by the 
heart-lung machine, was on hand to assist as needed. 

The third stage, lasting one week, required the pri­
mary perfusionist and a circulating secondary perfu­
sionist. The primary perfusionist was responsible for 
both perfusion and charting duties while a circulating 
secondary perfusionist resumed normal duties. At the 
end of the third stage the perfusion staff had become 
proficient in data entry and report generation. 

The fourth stage was complete conversion to com­
puter charting for all future cases. 

Initial development and individual customizing of 
the program is comparatively an uncomplicated proce­
dure through the many support books and addition­
al software available to the serious programmer. 1-

3 

Through adequate and safe training for the perfu­
sion staff, this addition to the operating room has been 
a beneficial one for the staff, hospital and patients 
alike. 
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Figure 7: Database graphic functions. 
a. Line graph representation of a database search showing the distribution of cases by age. 
b. Pie graph representation of a database search showing the distribution of cases by age. 
c. Bar graph representation of a database search showing a risk assessment distribution. 
d. Pie graph representation of a database search showing the distribution of procedures by hospital. 
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