IMAGES, SIGNALS AND DEVICES

New developments 1n ICU monitoring
systems within the past two years

rival the impact of the original
systems designed for this purpose.
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ay “intensive care monitor-
ing,” and the picture that
pops into most physicians’
minds involves blood-pres-
sure or ECG monitoring.
These measurements were
certainly the focus of the
initial monitoring systems
introduced 20 years ago; but
newer systems dealing with a
much broader class of information
are now becoming available. The
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following fictitious scenario illus-
trates the kinds of things that can
be done with today’s technology.

Larry, a 30-year-old man criti-
cally injured in an automobile ac-
cident, is admitted to a trauma
center. Using a computer, medical
emergency staff order and receive
the results of laboratory tests at
electronic speed. Once doctors
have determined the extent of his
serious head, chest, and abdominal
injuries, the patient is brought to
surgery, then later moved to a
shock/trauma intensive care unit
(ICU). There, a computer monitors
Larry’s heart rate, rhythm, and
blood pressure. A computer-con-
trolled ventilator supports his
breathing, and a computerized
“closed-loop” infusion pump ti-
trates a vasoactive drug into one
of his veins. For the moment, he is
stable.

After two days of improve-
ment, however, computer reports
from X-rays and the laboratory in-
dicate that Larry has pneumonia.
Worse, he has multi-organ failure.
To sustain his metabolism, his doc-
tors prescribe total parenteral nu-
trition (TPN) and medications
through the computer, which
warns the pharmacist about drug
interactions or the existence of
laboratory tests that might influ-

Photograph of a patient bedside, show-
ing the complex setup of monitoring
equipment. The following devices are vis-
ible, from left to right: mixed venous
(pulmonary artery) oxygen saturation re-
corder; finger-pulse oximeter for nonin-
vasive arterial saturation; IV pump #1;
bedside physiological monitor measur-
ing four channels of ECG, arterial pres-
sure, pulmonary artery pressure, and car-
diac output; volume ventilator; IV pumps
#2 and #3; bedside computer worksta-
tion; IV pump #4; and IV (TPN) pump #5.
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LUS HOSPITAL ICU ROUNDS REPORT
DATA WITHIN LAST 24 HOURS
NAME 2+ ND. ROOM: 4530 DATE: FEB 21 06¢
DR. PRICE, RICHARD R. SEX: M AGE: 30 HEIGHT: 178 WEIGHT: 81.00 BSA: 1.99  BEE: 1862 MOF: 6
CARDIOVASCULAR: 1 EXAM:
TIME €0 CI HR SV SI VP MSP MPSVRLWIPW PA PVR RWI
FEB 21 04:53 11,84 5.95 95125 63 12.0M 97 83 6 72 13 33 1.7 18.0
LV PARAMETERS ARE WITHIN NORMAL LIMITS
S P W HR ! LACI CPK CPK-MB LDH-1 LDH-2
LAST VALUES 153 84 112 98 !
MAX TN Bl 219 228 136 ! 1.9 (05:00) « « « «
NINIMUM B 4 6l 79!
HEART RATE = RS = PR = RS AXIS =
— MO ECG DEC{SIONS AVAILABLE —
RESPIRATORY: 3
FER 21 84 pH  PCO2 HCO3 BE HB CO/MI PO2 502 0T %02 AVI2 V02 C.0. A-a 0s/0t PK/ PL/PP MR/S
20 05:06 V 7.41 495 3.0 5.8 146 2/1 37 75 194 50 /115 25/
2105:05A 7.43 45.8 30.1 5.6 14.6 2/0 58 91 1B.6 50 3.19378 11.B4 190 38 /N5 A
SAMPLE # 131, TEWP 35.4, BREATHING STATUS : ASSIST/CONTROL
MILD ACID-BASE DISORDER
HYPOVENTILATION INPROVED
MILO HYPOXENIA
200000V 7.39  50.9 0.4 4.8 145 21 34 73 149 /NS 2/
20722594 7.41 481 0.2 5.1 146 20 & 8 1.8 0 275 200 51 /N5 2/
RATE VT VE VL NIF  CcO® VDT VCO2  EXAm: X-RAY:
N ! !
OFF . - v : :
NEURD AND' PSYCH: 1
GLASGOW 9 (00:09) VERBAL _________ EVELIDS _________ HOTOR e PWPILS SENSORY ________
1) BABIN. icP PSYCH - ___
CUAGULATION: 0
PT: 11,1 (05:00) PTT: 30 (05:00) PLATELETS: 190 (05:00) FIBRINOGEN:  ( ) EXAM:
FSP-CON: () FSPPT: () 3t ¢
RENAL, FLUILS, LYTES: 0
IN 5217 CRYST 2950 COLLOID BLOOD NG/PD 2290 ! N& 133 (05:00) K 4.9 (09:00) CL 100  (05:00)
DUT 3907 LRINE 2675 NGOUT B854 DRAINS  OfHER 378 | CO2 29 (05:00) BN 23 (05:00) CRE 0.6 (05:00)
NET 1310 WT WT-CHG  0.00 5.6, 1.025 ! AGAP LOSH UNA CRLL
METABOLIC -—- NUTRITION: 0
KCAL 2377 GLU 133  (05:00) ALB ( ) ! tA ( ) FE () TIBC ()
KCAL/N2 193 LN () NBAL | P04 () M { ) CHOL ()
GI, LIVER, AND PANCREAS: 0 EXAMN:
HCT ' 45.8 (05:00) TOTAL BILI ¢ ) sBOT () ALKPD4 ( ) G6T . e
GUAIAC 1+ (18:00) DIRECT BILI () SoeT ( ) LDH () AMYLASE e
INFECTION: 1
MEC 12.6 (05100 TENP 37.1 (18:00) DIFF 418, 5, 7L, M, E (05:00) GRAN STAIN: SPUTUM OTHER
WOOD ________ SPUTIM _______ T CSF CATH WOUND OTHER
SKIN AND EXTREMITIES:
PULSES RASH DECUBITI ___________
TUBES:
VEN ART 56 NG FOLEY ET TRACH IRAIN
CHEST RECTAL JEUNAL _________ DIALYSIS ________ OTHER
MEDICATIONS:
PENTOBARBITAL, INJ MG IV 800  AMPHOJEL, LIGUIL ML NG 120
TICARCILLIN (TICAR), IN M IV 18000  MYLANTA 11, LIQUID MNG 170
GENTAMICIN, INJ MM IV 480.0  HEPARIN FLUSH UNITS IV 500
FANCURONIUM (PAVLLON) , INJ MGN IV 75.0  OSWOLITE, LIQUID M. NG D 1910
METAPROTERENOL (ALUPERT), SOLUTION MGM INMAL  90.0  POTASSIUM CHLORIDE, INJ MEQ IV 60.0
VERAPAMIL, INJ NG IV 5.0 POTASSIUN CHLORIDE, LIOUID MED NG )
FURDSEMIDE, INJ NN IV 10 SODIUM BICARBONATE, INJ MEQ  INHAL 2

Figure 1. Rounds Report for the example patient (Larry), showing data organized by organ system. Data is derived from many
sources and stored in Larry’s computer database. This report is available to physicians and nurses either on the bedside terminal
or in the form of a “‘hard copy,” as shown.

Larry, a 30-year-old male, has a basal (resting) energy expenditure (or BEE) requirement of 1862 calories, and has a multi-organ
failure (MOF) score of 6 (0 being normal). Results from the thermodilution pulmonary artery catheter indicate that his left
ventricular status is within normal limits. Blood pressure and arterial lactate results give the Larry a cardiovascular organ failure
score of 1. The respiratory score is 3, because Larry requires 50% oxygen and 15 cmH20 of PEEP yet still has a mild hypoxemia. A
Glasgow Coma Score of 9 gives Larry a Neuro Psyc score of 1. Coagulation status, renal, fluid, and electrolyte status are adequate,
as are the metabolic, Gl, liver, and pancreas status. Larry has an elevated white blood count and, as a consequence, an infection
score of 1. His currently scheduled medications are listed at the bottom of the rounds report.
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Figure 3. Pie charts of ICU patient data used for decision making at teaching rounds
and at the bedside. (Adapted from the International Journal of Clinical Monitoring and

Computing, by permission [4].)

data for administrative (billing)
and medical-legal purposes.

Does this computer-based sce-
nario seem far-fetched? It isn’t.
Each of the elements discussed is
currently operational or under de-
velopment in at least one ICU.

THE PROBLEMS

To sort out the present benefits of
commercially available ICU moni-
toring systems and the potential
impact of developmental systems,
it is helpful to review the informa-
tion needs of the health care team.
As illustrated by the above exam-
ple, the care of critically ill pa-
tients requires considerable skill
and prompt, accurate treatment
decisions. Physicians and nurses
collect a great deal of data through
frequent observation, regular test-
ing, and continuous monitoring of
critically ill patients. Physicians
generally prescribe complicated
therapy regimens for such pa-
tients. As a result, the physicians
can miss important events and
trends unless the mass of accumu-
lated data is presented in a com-
pact, well-organized form. Eco-
nomic pressures to reduce the use
of therapeutic and diagnostic re-
sources compound the physician’s
difficulties.

The medical record is the prin-
cipal instrument for ensuring
some continuity of care for pa-
tients [1]. Continuity is especially
important for critically ill pa-
tients, who generally are served
by a team of physicians, nurses,
and therapists, and whose data is
often transferred from one individ-
ual to another; for instance, the
lab tech calls the nurse on the
ward, and the nurse reports the
information to the decision-mak-
ing physician. Each step in this
transmission process is subject to
error.

As an unifier of the care proc-
ess, the traditional medical record
has several limitations. First, it
might be unavailable; or if it is
available, it can only be used by
one individual at one location.
Moreover, it is often poorly orga-
nized and illegible; thus, retrieval
of information is slow and prone to
error. Fries has shown that in
complicated cases, the convention-
al medical record is less helpful
than a structured flowchart-type
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Figure 4. Strip recording of a bigeminy
detected by a computerized arrhythmia
monitoring system.

record [2]; Whiting-O’Keefe and
colleagues have also shown that
structured records are easier and
quicker to review [3].

While these criticisms apply to
all patients’ medical records, they
are especially important for criti-
cal-care medical records because
of the large amounts of data col-
lected and the time pressures on
decisions. The importance of hav-
ing a unified patient database was
recently demonstrated by a study
conducted at LDS Hospital [4]. We
kept detailed records of the kinds
of data used by physicians to make
treatment decisions during teach-
ing rounds at the bedside in a com-
puterized shock-trauma ICU [5]
(see Figure 3). We were surprised
to find that laboratory data was
the information most frequently
used to make decisions. Clinicians’
observational data was a close sec-
ond. The information provided by
the bedside physiologic monitor
accounted for a much smaller per-
centage (between 13 and 22 per-
cent of the data used to make ther-
apeutic decisions). These findings
clearly imply that data from sever-
al sources—not just traditional
physiological monitoring devices—
must be integrated to make effec-
tive treatment decisions in the
1CU.

THE ROLE OF THE ICU MONITOR
Computers installed in ICUs pro-
vide two kinds of capabilities that
help improve patient care:

1. Physiological monitoring.
Computers can acquire, process,
store, and display data, and can
sound alarms when continuously
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Figure 5. (A) Bedside history of a patient’s arrhythmias for 10 January 1985. (B)
Printout of the ECG and arterial pressure waveform for the ventricular tachycardia
indicated at 12:11 in A.
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monitored physiologic variables

Plug-in r Network become abnormal (as in an onset of
Modules hypotension or ventricular tachy-
Amplifier Analog-to- cardia). .

ECG Digital 2. Integrated patient manage-

Respiration Microprocessor ment. Because all data are avail-

able, the most advanced systems
issue alerts and suggestions based
on the total clinical database, just
as monitoring systems give alerts
on ECGs or blood pressure.

Amplifier
Blood Pressure 1
Blood Pressure 2

Analog-to-
Digital
Converter

Displa
Microp,':,cé'ssor Let’s take a closer look at each of

these aspects.

Amplifier
Blood Pressure 3

Monitoring Physiological
Cardiac Output

Variables

Display BACKGROUND OF BEDSIDE
PHYSIOLOGICAL MONITORING

The bedside physiological monitor
6A is the cornerstone of the modern
ICU. All of the estimated 75,000
adult, pediatric, and neonatal in-
tensive-care beds operating in the
United States are equipped with
some type of physiological moni-
tor. The simplest units display the
ECG and heart rate, and have sim-
ple high/low-rate alarms. The most
sophisticated monitors can also:
analyze ECG arrhythmias, moni-
tor intravascular pressures and
respiratory status, and measure
arterial and mixed venous oxygen
saturation. Arterial catheters and
Display pulmonary artery balloon-tipped
catheters are frequently used to
measure physiological pressures
and blood gases. Some monitors
even compute cardiac output from
thermal dilution curves, a process
which formerly required special
procedures performed in the cardi-
ac catheterization laboratory.

Plug-in Modules

Display and Bus

Microprocessor [l Network

STRENGTHS OF CURRENT

’ MICROCOMPUTER SYSTEMS

Block diagrams of microprocessor configurations found in the latest bedside physio- Tha siga.of tiierocompiters in et
logical systems: A shows a system where a fast, powerful central processor does all ; : p P

the waveform pattern recognition and computation. B shows a system where each side monitors has revolutionized
module does it own data acquisition and processing, using a less sophisticated the_ acquisition, dls‘play,' and proc-
central processor. essing of physiological signals. To-

day, the newest commercial bed-
side monitors contain multiple mi-
croprocessors. They have more
computer power than earlier com-
puter systems that would have
filled a room, and they require less
space than their predecessors’
cooling fans. A discussion of how
these signals are acquired and
processed may be found in Gio Wie-
derhold’s article, “Processing Bio-
logical Data in Real Time” (M.D.
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Figure 7. Block diagram of the HELP
system.

COMPUTING 2(6):16-25).

Monitoring instruments with
built-in microcomputers have
many additional advantages over
their analog predecessors:

B Systems can easily be upgraded
by changing software programs in
read-only memory. (Upgrading
older systems necessitated replac-
ing the hardware, because the log-
ic was “wired in.”)

® The digital computer’s ability to
store patient waveform informa-
tion (such as the ECG) permits so-
phisticated pattern recognition.
Older systems built with analog
computer technology did their
work ‘“on the fly,” with only a
small “peek” at the patient wave-
form.

®m Signal quality can be monitored
and maintained. For example, the
computer can “watch” for degra-
dation of ECG skin/electrode con-
tact. If the contact is not good, the
monitor can alert the nurse to
change a specific electrode, thus
assuring good signal transmission
from skin to sensor.

® Physiological signals can be ac-
quired more efficiently by convert-
ing them to digital form early in

JOMMERCIAL COMPUTERIZED
PATIENT DATA MANAGEMENT SYSTEMS

Manufacturer Number of Number in  Cost of Each System
Systems Routine Use (16 beds)
Delivered
Hewlett-Packard 200 14-20 $100,000
Mennen Medical 15 3 $100,000
Siemens new new $75,000
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DCC = Device Communications Controller

Heart Rate ToDatabase
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Network

Communications
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Phoenix Baptist Hospital
Phoenix, AZ
University of Alabama
Birmingham, AL
Pacific Medical Center
San Francisco, CA
Michael Reese Hospital
Chicago, IL
Cedar-Sinai Hospital
Los Angeles, CA

INSTITUTIONS USING COMPUTERIZED
DATA MANAGEMENT SYSTEMS

Crawford Long Hospital
Atlanta, GA
New York Hospital—
Cornell Medical Center
New York, NY
LDS Hospital/University of Utah
Salt Lake City, UT
Maryland Institute of Emergency

Medical Services Systems
Baltimore, MD

Figure 8. Medical information bus (MIB).
This is a local area network that allows
collection of patient data from a variety of
bedside instruments, such as ventilators,
IV pumps, urine output measuring de-
vices, and others.

the processing cycle, and handling
“waveform processing” functions
(such as calibration and filtering)
in the microcomputer. Local com-
puter power also simplifies the
nurse’s task of operating the bed-
side monitor.

B Pattern recognition and wave-
form feature extraction can also
be done in microcomputer-based
monitors. The computer can use
waveform “templates” to identify
abnormal waveform patterns and
to classify ECG arrhythmias.

m Selected data can easily be re-
tained. For example, “strips” of
interesting physiological se-
quences—such as periods of ar-
rhythmias or marked changes in
heart rate—can now easily be
stored in the bedside monitor for
later review. Measured variables,
such as heart rate and blood pres-
sure, can be graphed for detection
of life-threatening time-oriented
trends.
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MEDICAL INFORMATION BUS

Care of the critically ill patient
requires data from a wide varie-
ty of ‘devices and instruments.
It is not unusual, for example,
for the patient to be connected
to a bedside monitor, a noninva-
sive blood pressure monitor, in-
fusion pumps, a ventilator, a
urine output system, chest tube
drainage measuring system,
and an ear oximeter (see Figure
8). Each of these devices may be
made by a different manufac-
turer, and each may have a dif-
ferent data communications in-
terface.

To help solve the dilemma
of manually acquiring data
from this multitude of electron-
ic sources, a medical informa-
tion bus (MIB) has been pro-
posed to provide a local area
network around the patient to
acquire data from all bedside
devices. As noted in Figure 3, a
large amount of device-generat-
ed data can be automatically
entered into the database via
the MIB. Such a bus system is
currently being developed at
Phoenix Baptist and LDS Hos-
pitals.

The MIB uses a master/
slave communications protocol
approach (Figure 8). The MIB
has a multi-drop (daisy-chain)
structure, and will use a single
shielded pair of twisted wires as
the physical communications

medium (much like a telephone
cord). The system will run at a
fast rate (375 Kbits/sec), and is
self-clocking. The master com-
munications controller (MCC)
oversees all bus communica-
tions. It accepts, processes, and
relays information between the
host and the MIB. It is responsi-
ble for polling all on-line medi-
cal devices and reporting signif-
icant events to the host. The
device communications control-
ler (DCC) is the slave which in-
terfaces between the MIB and
the particular medical instru-
ment. The DCC accepts MIB
protocol messages, and process-
es and converts them to instru-
ment-specific codes. The DCC
also converts the instrument-
specific outputs into the MIB
protocol and returns a response
to the MCC.

The MIB uses a subset of
the highly reliable synchronous
data link control (SDLC) protocol.
SDLC uses a frame check se-
quence to assure the accuracy
of the data sent in each SDLC
frame. This error checking as-
sures nearly “bullet-proof” or
error-free data transmission, a
requirement for medical appli-
cations: less than one error for
each billion bits transmitted!

The bus can have up to 255
devices attached; and each de-
vice will have an identification

(ID) code. The current design
concepts will allow up to 10,000
device ID codes. Common de-
scriptors will be specified for
each class of machine (fluid de-
livery devices such as IV pumps,
fluid collection devices such as
urine output measurement de-
vices, respiratory life-support
wnstruments such as mechanical
ventilators, and noninvasive
measurement devices such as
automatic cuff blood-pressure
instruments). Thus, for exam-
ple, a patient might be connect-
ed to two IV pumps, one manu-
factured by 1vac and the other
by IMED. Under host control, the
MCC could make a request to
each device, querying for the
fluid flow rate. The DCC on each
IV pump would interrogate the
device and send the requested
information.

The final details of the MIB
and its protocol are still under
development, and will probably
take another two or three years
to complete. Industry-wide
standards are essential to make
the scheme work.

Those interested in partici-
pating in the development of
the standard should contact
Ron Norden-Paul, Chairperson,
Medical Information Bus Com-
mittee (IEEE P1073), Emtek
Health Care Systems, 1702 West
Harmont, Phoenix, AZ 85201.

m Signal transmission is simpler
and more reliable. Consequently,
it is possible for a bedside monitor
to transmit its signal to a central
display for review by nurses or
physicians.

® Alarms from the bedside moni-
tor are now much “smarter,” and
therefore less often false. In the
past, alarm systems used only
high/low-threshold limits, and
thus were susceptible to signal ar-
tifacts. Now, the computers and
bedside monitors can distinguish
between artifacts and disasters,
and can “confidently” alert physi-
cians and nurses about problems.
The bedside monitor may process
many different signals, and can

use information from one signal to
verify another—for example, by
comparing the heart rate derived
from the ECG tracing with that
derived from the arterial pressure.
Thus, the system is more like a
human observer, who always
cross-compares many kinds of re-
dundant information.

ARRHYTHMIA MONITORING

Arrhythmia monitoring of the
ECG is the most sophisticated of
the bedside monitor’s tasks. Rom-
hilt reports that ‘“people-based”
arrhythmia monitoring is expen-
sive and unreliable, and that those
who do it find it tedious and stress-
ful [6]. One way around the limits

of human monitor-watchers is to
buy a large central computer-
based system to do the rhythm
monitoring. In the past, such mini-
computer-based systems cost
$50,000 or more, and could only
monitor 8 to 16 beds. The newest
bedside monitors have the
rhythm-monitoring computer
built in. These 16-bit computers
use ‘“waveform templates” and
real-time cross-correlation tech-
niques to classify rhythm abnor-
malities.

Figure 4 shows the output of a
bedside monitor that detected “bi-
geminy,” and then provided a strip
recording of a patient’s ECG anno-
tated with the arterial and pulmo-
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nary artery pressure. The system |8
also retains “copies” of these and
other problem strips for later re-
view. Figure 5A shows a historical
listing of important rhythms for a
patient. A V Tach (ventricular
tachycardia) condition was noted
at 12:11. The nurse or physician
can review the data as represent-
ed in Figure 5B, which shows a

) EDSIDE MONITOR MANUFACTURERS
(MICROPROCESSOR-BASED MONITORS)

Note: Systems noted are generally for a typical bedside unit
(no central display communications or display system) with
ECG, respiration, two pressure channels, and a cardiac output
module. Manufacturers’ list prices are given as of March 1985.

“history strip” of the identified V
Tach, along with the simulta-
neously logged arterial-pressure
waveform which occurred at 12:11.
Note that the strip was printed out
at 14:04.

The improvements in comput-

about the availability of mainte-
nance service before you buy. In
addition, review the training op-
portunities given by the vendors.
Ideally, this should include on-site

Company
Location

Phone
Contact

Special Features

Data Scope Corp
Paramus, NJ

201/265-8800
Ted VanderWiede

erized arrhythmia monitoring just Model 2000

within the past two years have Type Display moving window

been dramatic. In fact, in three Traces 3

short years since the review of Modular no

computerized arrhythmia-moni- :

torir?g systems by ySanders and Parameters ECG, 2 pressures; no cardiac output

Harrison [7], the industry has ECG Lead Fault yes
shifted away from central shared Arrhythmia no
systems in favor of local microcom- Location —
puters within each monitor for ar- Method —
rhythmia detection. Thus, many of
the specific recommendations giv- Alarms yes
en by Harrison and Sanders no Trending yes
longer apply. However, their gen- Limit (hrs.) 4
eral advice is still valid.

Be sure to choose a vendor . No. of
who will be in business after you Microcomputers 1
have purchased the system. Worry List Price $7,500 without cardiac output, without

arrhythmia

expandable, modular system; annotated
recorder

training, illustrated instruction

traces, color video displays, trend
storage, multi-lead ECG systems,

tors are based on a variety of de-

Parameters

manuals, and other aids. My ad- Company Hewlett-Packard
vice is to be sure to investigate the Location Waltham, MA
gaptabiliti.es og at}lleast thr:ef:lz mfzia.nlg- Phone 617/890-6300
AEIILRLR; S0, Wiren pRRsliley, Hewe- Contact Rich Grant
test their monitors in your hospi-
tal before committing yourself to a Model 78353B
purchase. .

More than 25 manufacturers Type ]?Izls'play grase bar
supply bedside monitors. They in- aces
clude such features as non-fade Modular no, but configurable

ECG, resp, 2 pressures; no cardiac output

touch screens, inter-bed communi- ECG Lead Fau.lt yes
. o Arrhythmia yes
cation, built-in calculator func- . ]
tions, on-screen alarm messages, Ll(‘)lcatliog Eentra ion & lat tchi
and telemetry. The cost of current ethod feature extraction & template matching
bedside monitors ranges from Alarms yes
about $5,000 for a simple stand- Trendin os
alone bedside unit to about $19,000 Limit (hrsg) %74
per bedside for a monitor with a :
central station (see table at right). No. of
Microcomputer bedside moni- Microcomputers 5
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signs. Two of the more common
designs are shown in Figure 6.
Both make use of the latest phys-
iological waveform-pattern-recog-
nition and communications tech-
nology. Although bedside monitors
represent a major share of ICU
equipment cost, they provide as-
sistance in only a limited number
of ICU medical decisions.

Integrated Data Management
Systems

To assist in the majority of criti-
cal-care management decisions,
the computer must deal with a
large and varied flow of data into a
patient’s computerized record.
Relevant patient data comes from
such diverse locations as the ad-
missions desk, bedside physiologi-
cal monitors, clinical laboratories,
radiology, and the pharmacy. Ven-
dors and developers now propose
an integrated computerized ICU
record to assist routine medical
management.

Unfortunately, most commer-
cially available integrated data
management systems for ICUs
have not been widely successful,
from the point of view of either
users or vendors. The vendors
have tended to underestimate the
complexity of the medical practice
and the diversity of situations
found in intensive-care medicine.
Differences among hospitals have
required expensive customization
at each new location. Products
have tended to focus on the acqui-
sition and processing of physiolog-
ic data without taking into ac-
count the need for a linkage to
other sources of data within the
hospital (see Figure 3). The sys-
tems generally have not included
“user-programmable” functional-
ity so that each user could tailor
the system to serve one’s particu-
lar needs.

Rarely have any of the sys-
tems been integrated with admin-
istrative or clinical data proce-
dures. Thus, in most operational
systems, duplicate charting is re-
quired. Most of the systems have
not resolved the difficulties of
manual data entry into a comput-
er; if this is to compete with a ball-
point pen and piece of paper, it
must be simple, fast, and reliable.
Finally, most of the systems have
not provided integrated databases

BEDSIDE MONITORS

CONTINUED

List Price

Special Features

$7,090 without cardiac output, without
arrhythmia

bed-to-bed commo network; softkeys;
functionally modular

Company
Location

Phone
Contact

Model

Type Display
Traces

Modular
Parameters
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