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INTRODUCTION

Digital computers have many potential applications in the neo-
natal intensive care unit (NICU), facilitating both patient management
and administrative operations. Applications in critical care units can
include patient monitoring, data distribution, intake and output bal-
ances, nutritional analysis, drug calculations, charting of laboratory
data, nursing notes, and discharge summaries.

One approach to critical care computing that has been investi-
gated over the past 15 years is the use of dedicated minicomputer sys-
tems to capture, process, display, and report data. This approach
has proved particularly difficult to implement; consequently, there
are few examples of functional systems now in routine use. Poor user
acceptance and an unfavorable cost-benefit ratio have been at the root
of this problem in the past.

Despite previous failures, however, investigation of this ap-
proach has continued because it offers substantial advantages over
alternative methods. The relatively low price of computer memory
and mass storage devices, as well as increased sophistication of
operation systems, have led to increased user acceptance and cost-
effective operation. The principal advantage of the minicomputer sys-
tem is that with a properly conceived data capture process, a compre-
hensive, accurate data base can be compiled for all patients in real
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time. Once assembled, this data base can be used for any application
that the user finds helpful.

This chapter describes the development and operation of a bed-
side real-time patient data management system in the Perinatology
Center at the New York Hospital-Cornell Medical Center, which has
been in operation since 1976.1 Special emphasis is placed on how we
approached the problems of user acceptance and optimal use.

SYSTEM DESCRIPTION

With the opening of a new NICU as the initial facility of the Peri-
natology Center in 1976, total bed capacity doubled from 25 to 50 beds.
Fifty neonatal intensive care patients represent a lot of information.
In some patients, this means more than 500 new laboratory values
daily. To keep these data organized would be a big job. The burden
of assembling and interpreting data on this number of patients sug-
gested a clinical need for an effective computerized information sys-
tem. What better way than to put all these data into a computer and
give the users direct access via bedside terminals.

The design of the new NICU had included a computerized infor-
mation system to gather monitored and observed vital sign data, nurs-
ing measurements of intake and output, ventilation parameters, as
well as all stat laboratory values. Only commercially available sys-
tems were considered. The possibility of developing a system ''from
scratch' represented a commitment of a great deal of time, having
to cope with innumerable difficulties in launching such a project, as
well as the expense of providing hardware and of developing support-
ing software. At that time, no manufacturer offered a totally suitable
commercial system for sale. However, the Hewlett-Packard 5600A
patient data management system did appear to offer a number of ad-
vantages for NICU users. The most important of these, perhaps, was
the simplified bedside terminal with separate CRT screen and 16-key,
hand-held keyboard (Fig. 22.1). Also, since the system was pro-
grammed in FORTRAN, it represented an ideal candidate for modifi-
cation and adaptation to meet our needs.

Some custom programming was included in our order to permit
problem-oriented data retrieval, the generation of special format re-
ports, and the use of optical mark reader cards for data entry. The
hospital purchased the system with these software modifications and
hired a programmer to continue to develop and tailor the system for
smoother operation. In addition, a second, smaller system was pur-
chased to permit the off-line development and testing of new and im-
proved programs. All equipment in the system was covered by ser-
vice contracts available from the manufacturer.
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The anticipated functions of the system were to include storage,
retrieval, and charting of vital signs, intake and output, ventilator
parameter change, and critical laboratory data. Chart documents of
selected and reformatted data would be legibly printed by the computer
at preset time intervals. This had to be one of the most straightfor-
ward clinical computing tasks possible: to record data and play it back.
Once we had mastered that, we could begin to reap the other benefits
of a computerized medical data system, including the following:

Automatically accumulate long-term data bases of our clinical experi-
ence, as a source for clinical research projects and quality as-
surance review

Begin signal processing, waveform analysis, and diagnostic computing

Allow for on-line pulmonary function testing

Computerize chart notes

Automatically print out discharge summaries

Hardware

Since user access to computers has been one of the most impor-
tant factors influencing their acceptance by medical personnel, par-
ticular attention was paid to the hardware arrangements that would be
available at the bedside. We wanted the nurses caring for the most
critically ill infants to be able to enter data easily and to review all
laboratory data pertaining to their patients at will. Fifteen NICU beds
have CRT screens and hand-held keyboards located next to them,
along with the vital sign monitors and other bedside equipment. Inter-
mediate care areas for infants not as critically ill have a terminal in
each eight-bed room. The special care nursery, which generates even
fewer data, has one terminal for 10 beds. Additional terminals are
located in the nursing and neonatology offices, at the clerk's desk, in
the laboratory, and in the conference room. In all, more than 30 data
access points are available.

Two printers handle hard-copy output destined for the patients'
charts or for various administrative uses. (See also Figs. 22.1-22.3.)
All data entered are simultaneously logged both in the disk file and in
a magnetic type transaction log. The central processor for the system
is a 128-kilobyte (KB), 16-bit-word minicomputer (Hewlett-Packard
21 MX-M). The second system, for program development and testing,
has an identical central processor unit CPU and mass storage capa-
bility and has been used as a source of ''spare parts' in cases of fail-
ure of the primary equipment. Annual total down time averages less

than 24 hours.



‘axeyo g,juatjed ayj ur uorsnIouUT X0y IINdUW0D
3y} £q pajeiouas 199Yys MOTJ xojowrered AIOJE[IIUSA puR ‘ndino/eqejur ‘usIs [BIIA ANOY-$Z V ‘3 ‘2% TUNDOLI

oLty

L 2 408K P ATWFS < Aht val n LviS nonn
12 0£g0
12 1T¢n
M3A GP nnng ] 1 2 ATLES S AR vealn (u|Q| a3/ PU-2nl| wY2%QC | AASAH
T O0TWET & AHY val 0 L1M1S 0020
L 2 N0tufh < AHn vel 0 Lulg| g2/79% | 02 onT|xIn"0F|pOT0
02 S LN3A Y? n Ch T NTWFS g pHn val n vie anna
25 n [ ar b13 (3 Nug
2 12 20 62€2
02 S IN3A T2 N [} HO 2 O0IWfh 6 At vala smig|92/08 | 2¢ 6b1|wTI9F on.nm
g : nn 2122
0?2 & JINIA Ap| - N 0 Ha =N83WI T ATMES © LAjT valn juje ag 7 0nz?
02 G IM3IA G2 ’ 9 n HD 2 O0TWI9 & AHT val 0 LMLB|3E/29 | RF EHT|{xTL%95 0012
02 & IN3IA 52| 0062 |vY T |n L] 2 0TWfZ S AT valn 1uls oy .Y 0002
02 S [N3IA G2 ! + n L} 2 ONINJS & AgY veln 1v1Qios/eS (o5 enY|xT/°ag|nnaT
n¢ 22ar
02 S IN3A Of L] 0 Lk ] 2 NIWfn S AHT valn imis en L noRt
02 6 IN3A af| 2009 |9Y T |n HA 2 otufe s Ak h2/0S |Gf 2T ¥T.°9¢|N0LT
02 & |IN3A n¢ N n H) § NIWfS < ik CH] T noot
2? ) ) 22 | rs n L)
I 8 V531 13 €7 ool et Respmmee TTOTRIFTE TN £2/25 |95 0St|¥I2°/5|00ST
| € O0Tulb G Am L) oont
& 0§ LA ¢
1?2 L1
S O0TWIb G AHK 16796 | L€ 9vT|xT2° (5 |noOST
! X £ OHluinr 5§ A ne 002t
G2 . CUR G
L |9 T |o H) 2 NIWin g Ay Gq/ AT AGl (=Yg as|anty
. 2 0THIY g & 9t 000Y
TSY 01|02 S IN3A §2 ; 0§60
9 h G Wih G % I§/9G |aY 2hT|sTP%ag (ANKA
T¢l ST |02 S |N3IA G2 € 6 wi9 g AM no/n
3 3 ] el a 1
/ 1 XYW NIW|Q 0| 013 S3LTY
T v 0 T| oon q0A aAnNA T0A |9vYtvng anA anA 70A| §,7%) A dS3Yy | /ANT .
¥ |°S83Ud|W 4] TETIH | /4948 /3LIS|IVIVNO| HIQ3IN| /3dAL| /3421 | 3tnon| 73dAad d/9 |/3689Nnd]| /AW3|
! Adad ININN| NTYHO|RISIWI| TNale 2=AT T=AT *0°A ‘n*d
AN3A ANTINN .
NOTIVITINGA Indin ANV [N SNOTQ W[ TR
oN _ Hy +49 SITT T30 [Ya Uvyr :uF ERETETS
NOILYD0Y DM aviIn AMDIIM INVYA
LYAE LAV
133HS VLVA VLYNIHI4® "

TVLIdSOH YHOA M3N 3HL

379



"We)SAS oY) WOIJ OSTe S[e[IeA’ 918 S}99US MO]J PojeIauas-, 08IeyoSIp 18, 10 Ae9M "1IBUO S juetsed

93 ur uorsnjoutr IoJ Jonduroo 2y} %Q vmudamcww Avmocosvmm maﬂv Jo9US MOTT %.Houdhop.mﬂ V '8°%2 HINDOIL
*9f NYP 2202102
L 11 n*Lt *201  ?°9 *9¢T  A*Rf  §°9 *0n n*6G  *2¢ NEE*L NVL 2209B6)
L) n°hs | *L? 0EEL | NVP 22008L0
‘on nyp
g o°L ‘g€ 0°8Y ‘L0t 6°9 *aet 0°th £°9 ‘on 0°LS ‘62 oLg°L | NYD
*oh 0°*8s *92 086€°L | NV
“nit NV,
*Gh 0°nL 11 n2heL [ NYP
Ly B *ch NY[ 29
rLee LA ] ‘L2 0°St °‘gny 2°9 ‘cet 0°o0b 9 ‘ch 0°29 i 13 ann.s. NYE
) Ny P
“oh ne2h | *1h 0nos*L [ NYP
W *oh ‘[ NYP
e “sh 0°L9 |°if 08E* L' | NVf
] NY P
*892 NY P
£°8 *12 0°61 *901 6°5 ‘9¢t 0°9S *he 02v°L | NV
: ‘sh 0°65 | °g¢g 092°L |NYP 1
n*in n‘e *ng n*slL *cg nts*L NP 12090
*ng NY[ T29NDET
] °cs 0°8L |°1f 0SE°*L |NVP T200
‘16 NVP 1209501
*211 1°L ‘nt 0°Q1 /1t [f°9 ‘Int *ng n*hl *h§ ohg®L |NVP T2QfS0T
*cg NYP T290€01
°09 NVL 32900
) ) 0°S9 [°hh 002*L [NVP 120089
*L9 (L] ‘6 n°st SCIY L°s 651 | n*sh [h°g *nl n*na  (*2h 0R2*L [NVP T12Q05S
°ng n*ks |°sf§ oL [NYP 12090£0
“Sh n*sh *2¢ 09€°L [NVI 12908
*08 NYP 120000
*ng neoxt |22 aLstL [NYE 0298112
*6% NYL 0290602
i 9L ‘€ 0°91 ‘g0t 8t “nel 1 0°TET | “£2 0RE*L |NVP O02¢PIGT]|
i 1 0°LR |*12 02g°L (NVE 02 oa»nw
n*se Ny 029L1nGT
“0h 024 | °1f nGE*l |NVE 0209261
I
| 1918
[ HBo [ 9n79 vd NNQ 203 19 ] VN 104 [7vinl | 2014 | 20d 2004 Hd
! gILTTOHITI TILVY
Ya NVI 8T ADOTOLYNINIA TH YT 09
(A70/m) 34Y0 LEILLL) MiWIe 4O LivO
“A34 av
Fewliihad 133HS VIva TvivNiEaa e

TVLIdSOH MHOA M3N 3HL

380



INFORMATION MANAGEMENT IN ICU / 381

Data Entry

Data collection begins when a patient is admitted to the NICU,
identified for the computer system, and assigned to a bed. A unit
clerk enters names, addresses, and phone numbers of parents, re-
ferring physicians, and hospitals, as well as data concerning the
pregnancy and delivery. Throughout the hospital stay all vital sign
observations, intake/output, and ventilation data and most laboratory
values are entered into the system. Responsibility for entering data
is assigned to the person making the observation.

Entry is usually by keyboard—either at the bedside or directly
from the laboratory. All bedside data entry was originally accom-
plished using a pencil on optical mark reader cards so that they could
be reread if data were lost or files became damaged. Cards offered
the advantage of being usable without access to a terminal and per-
mitted the recording of computer-readable data even when the system
was not operational. Although cards worked surprisingly well, entry
errors occurred, and data were frequently missing. It became com-
mon practice among nurses to delay the irksome task of filling out
cards until the end of the shift. This delay of up to 8 hours of data
entry made the use of the system by other caretakers less helpful.

In addition, if a systematic mistake had been made in card marking,
it was possible to lose a whole 8-hour block of data and not have the
person responsible for recording it available for corrections. For
these and other reasons (see below), we eventually went to all direct
entry, using the hand-held keyboards at the bedside. Laboratory data
had been entered from the outset, using a terminal located in the lab-
oratory. Data from the bedside monitors is read into the computer
directly, but it has never been used to replace nursing vital sign
observations.

Data Retrieval

Information is retrieved primarily at CRT terminals. Displays
are organized according to individual medical problem lists and can
include tabular or graphic presentations of raw data or analyses of
fluid and electrolyte balance or nutritional intake. By selecting the
problem for review, retrieval is initiated on all relevant data in the
system. Data is presented in a sequence of graphic or tabular displays.
Initially, only raw data could be retrieved. Data automatically re-
corded from the bedside vital sign monitors can be listed or plotted
as well, but these values are never entered info the chart record un-
less they have been verified by a human observer.

Vital sign, intake/output, and ventilator parameter flow sheets
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are printed for the chart on a daily basis (Fig. 22.2). Sequential lab-
oratory value flow sheets are printed as often as needed, depending
on the frequency of blood sampling (Fig. 22. 3), or are charted weekly
and reprinted at discharge.

DEVELOPMENT AND OPERATING CONSIDERATIONS

Our objective in the development of this information system has
been to make patient data easily available to caretakers and to elimi-
nate unnecessary clerical tasks associated with this information. Suc-
cess is gauged by evidence of user acceptance as indicated by record
completeness for data entry and amount of use by physicians for re-
trieval.

In looking back over the first 5 years of our experience, I am
impressed by how difficult it has been to live up to the expectations
of our medical and nursing users. Doctors and nurses are necessarily
the direct users of this type of system. Neither group can generally
be expected to be particularly interested in computer systems. Con-
sequently, the level of impatience with either slow response or sys-
tem malfunction has proved very high in our experience.

A second observation concerns the vulnerability of this type of
system—not vulnerability to malfunction, but vulnerability to poor co-
operation. Completeness of data has proved essential for the system
to be clinically acceptable. If users generally believe that the com-
puter's data base might be incomplete, no matter how elegant the re-
trieval or applications programs are, the data will seldom be used.

If data are not used, personnel feel less compelled to continue to use
them, and a vicious circle is set in motion.

A final observation is that our information system has been per-
ceived as being especially useful to the clinicians only when it has
offered information that is not readily available from other sources
or in other ways. Personnel have seemed unlikely to turn to the com-
puter for those tasks they believe they can perform equally well.

We have used most of our programming resources over the past
5 years to improve the basic problems that have affected the usability
of our system, rather than to develop new retrieval applications. We
were aware from the outset that our hospital administration had with-
drawn support from other clinical computing efforts that had failed.
Our goal was to succeed clinically and to operate in a cost-effective
manner. We rapidly learned that ideas that were attractive to pro-
grammers or that seemed good on paper often did not work well for
our bedside users.

We had believed initially that the hospital's interest would be
best served by operating with the vendor's standard release systems.
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That way, no one person in our own effort would ever become indis-
pensable. However, with each new standard release, we found our-
selves undertaking more and more modifications. In fact, our system
had never really been standard. Then as we came into contact with
other hospital users, we recognized the diversity of needs and opinions
among owners of hardware identical to ours. It became clear that no
standard release could meet the requirements of all customers. If
anyone was to be responsible for the successful operation of our sys-
tem, it was we, and not our vendor.

Improving Data Capture/Input

As we became increasingly aware of the vulnerability of the sys-
tem to incomplete records, we reconsidered the whole data-capture
process. Cards, which had saved us from many early disasters, be-
came outmoded as we developed a magnetic tape transaction log. Cards
had to go. But that left only terminals. Our nursing computer com-
mittee told us that terminal data entry was too tedious and slow.

To deal with the data-capture problem, we first looked at opti-
mizing the "'standard' entry subsystem. Finding this still foo slow,
we looked at new approaches to minimize disk transactions that were
the limiting factor in system performance. This has meant the devel-
opment of more effective methods of display configuration, as well as
analysis of various data entry tasks to permit the system to anticipate
entries and carry forward repetitious data (e.g., formula type or in-
travenous content information). The result has been an entry package
that is three to ten times faster than our previous best effort, with a
75 percent reduction in needed key strokes. Test runs of this program
were received very favorably by our nursing staff, and the subsystem
has been loaded permanently, Now that the card readers are gone,
data are recorded at the time they are received. Bedside data are
now more than 95 percent complete, and virtually all patient data are
current within the last hour.

Improving Data Retrieval/Output

Our earliest efforts were aimed at improving retrieval times.
At first, while the system was looking for data, a DATA RETRIEVAL
IN PROGRESS message was placed on the screen. When all data were
in place, the final display was written. We found that our users often
thought the system was dead if the pause was more than a few seconds.
We therefore attempted to show signs of life, labeling the screen for
the pending display and writing data in as soon as they became avail-



384 / COMPUTERS IN PERINATAL MEDICINE

able. This got good results. We also had some lessons to learn about
screen layout, as mentioned above: Confused users stop using.

In attempting to improve the user's interaction with the computer
during data retrieval, we found that many of the same considerations
that had improved data entry were applicable. Program design was
more successful if the programmer had developed a detailed under-
standing of the user's specific needs. It is often possible to anticipate
a user's needs for specific types of information and to have them ready
when requested. This avoids the delay imposed by the disk search. Al-
though the actual response time of the system in this case does not
really change, the user perceives a dramatic improvement when data
are ready and waiting.

With complete records, doctors are now turning increasingly
to the system for both raw data and analyses of data, such as fluid
and caloric intake calculations. They are even beginning to suggest
new programs that would help in patient care. Our current activities
in the area of improved retrieval or data output generation from the
system include most of the potential ""benefits'' of a computerized
medical data system mentioned earlier. The system is programmed
to map selected data into long-term data bases. We are doing wave-
form analysis and a variety of types of pulmonary function testing in
infants. A large number of reports aid in the administrative operation
of the unit, from physician billing and insurance data to progress re-
ports for referring hospitals. We are also about to begin to use the
system to provide more flexible scheduling for the more than 120
nurses who work in our NICU.

FINANCIAL CONSIDERATIONS

Minicomputer systems can be cost effective in patient care
applications provided they deliver necessary services that would
ordinarily incur additional expense. While improved patient care is
often considered the major benefit of effective information manage-
ment, it has no definite monetary value. Usefulness is also a matter
of one's point of view. Once data are available for patient care, the
detail of reporting to the permanent record is of little importance to
the clinician, yet hospitals spend large sums on manual charting of
lab data. An effective information system should meet both the clinical
need for data and the administrative need for documentation. Improved
patient care can be considered the by-product of automated clerical
work.

Using our example, the New York Hospital-Cornell Medical
Center installation for the NICU cost approximately $350,000. This
installation was paid as a 5-year lease and is reimbursed as an oper-
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ating cost by third-party carriers. The annual lease payment was
$70,000. Service, supplies, and salaries added another $45, 000 per
year. The annual cost was $115,000, or $6.30 per patient day. Chart-
ing laboratory values for the expanded ICU would have required be-
tween seven and 10 additional chart clerks to provide service for
three shifts, 7 days a week. Salaries and fringe benefits for seven
clerks would have cost about $100,000. A second service the informa-
tion system can perform that carries a tangible value is the genera-
tion of a magnetic tape for billing for laboratory tests, which elimi-
nates keypunching the data. The value of this tape is approximately
$50 per day, or $18,250 per year. On the basis of these two services
alone, the system would be considered cost effective.

Since the expiration of our lease in April 1981, expenses have
been limited to salary costs for the programming staff and for a ser-
vice contract on all equipment. Total annual expenses are now between
$75, 000 and $80,000. Additional software programs were written that
have significantly reduced the need for clerical staff, representing
further cost savings.

CONCLUSION

Reliable storage and retrieval of patient data is the cornerstone
of any comprehensive clinical computing effort, Its long-range success
hinges on acceptance by the primary user in the clinical setting and on
financial acceptance by the institution. Both factors can be influenced
by initial planning and long-range program development. Dedicated
minicomputer systems offer the autonomy enjoyed by microprocessors
coupled with the computing power, storage, and communications capa-
bilities of larger systems. System costs can be justified by the value
of clerical services that can be automated. Once reliable operation of
a bedside data management system has been achieved, its data base
can be used or expanded to accommodate virtually any perinatal com-
puting application.
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