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We describe the computerized Tnforma?ion 5ys-
tem recantly set up in the Newborn Intensive Care
Unit at Bernalillo Courty Medical Center (BCMC)
which has since been renamed the University of_New
Hexico Hospital (UNMH} in Albuguerque, Lew Mexico.
The physical layout of the system is described, as
well as the controlling program. It is a ‘menu"
driven filte system. This facilitates data rrotac-
tion, as well as providing modular access agd
easily aiterable uyse of the data. Several fea-
tures ¢T the system, such as automatic report gen-
gration and query by example, are explained.

Introduction

Recantly, several computerized 1nteqs1ve_
care information systeams have been desgrlbgd in
the computers and medicine literature.!»3: .Some
of these, besides our own, have been placed in new-
barn intensive care nurseries.? .The ggai of the
computer data menagament system is to improve the
madical care within the intensive care unit by mak-
ing the data coliection more manageable on a caily
basis and thus fresing the medical staf? for more
urgent needs., The information sygtem_can directly
cantribute to medical care by making important
information immediately zvailable to the medical
statf. The system can also assist in "medical
reasoning,” i.e., intelligent man1pu1a§:on of the
data to improve medical care.“:**’ While a full
imolementation of this last goal is still some way
off, we have taker the necessary steps with the
"meny” driven file system, automatic report genera-
tion, and query by exampie routines described belew
to institute such a system.

Hardware Description and ths
Terminal/Printer Layout

It has been an important goal of this project
to canstruct an intensive care system run @awnTy by
the medical personnel with very littie a§SIstance
vrom the computer science group. There is also
continuous developmental effort by the System
designers to improve the system, by adding new
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menus or further report possibilities to the Sys-
tem. However, we found jt impartant that the
medical staff alone be responsible for alil entry
and manipulation of the data,

The programs are written in UNIX *C' lan-
guages:7 on the Digital Equipment Corporation
POP 11 computer. The choice of 'C' was made hoth
for its higher level language capabilities and its
general availability. The information system has
already been hostad by two computers, a PDP 11734
and a BDP 11/70. It is stili on these rether
iarge minicomputers for developmental reasons,
i.e., for the time-sharing and” operating system
capabilities. Ultimately, we see the system run~
ning on a much smallar stand alone machine, perhaps
an L3I 11.

Figure 1 i1lustrates the computer-terminai-
printer laysut. The terminal, a Haseltine 1500
(CRT) is connecteq directly by a 1200 baud Tine g
the POP 11/70. We found the 1200 baud rate to ba
necessary since a great deal of data was trans-
ferred back and forth to drive tha menu Brogram
(see belaw). The hard copy Crinter is connected
locally to the CRT. This allows the new or updated
files of the patients to be printed on hard copy
when desirad and to be physically entered into the
patient's mecord beok. The records are, of course,
5ti11 contained on disk, as well as periodically
backed up on tape. .

There are computer generated tables for the
patient diagnoses, procedures, and coded meny
answers known to the computer near tre CRT. This
alTows the CRT operator to have, conveniently at
hand, the codes used for much of the data given to
the computer.

Besides the codes, there are blank fields in
the record where new diagnoses or phvsician come-
ments may be added to properly describe the medical
situation. The coded-answer entry t¢ the data sys-
tem has many advantages, the most important being
the CRT operator need not 5pell cut or repeatadly
type compiex diagnoses and procedurss. Thus, therse
is no need for special spelling correction or Tong
senience handling routines.
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Figure 1. The PDP 11/70 computer connected by 1200 baud lines to the CRT. The hard
cepy printer is connected locally to the CRT. The tables of diagnoses,
procadures, and coded menu answers- assist the operator in entering proper
codes. The total cost of terminal, printer, and high speed modems is

about 53000.

The preparation of the admit information and
the diagnosis and procedure details made up a good
bit of the work of the medical staff 4n construct-
ing the system. It was necessary to carefully and
exnaustively identify the information they wished
to make available for most reasonable situations.
Once this work was done, however, it was Very easy
to enter informaticn into the fiTe system. If, for
example, the diagnosis of an infant was a respira-
tory infaction, such as suspected pneumonia, and
the disezse was manifest after 72 hours of age,
the CRT entry under the dizgnosis menu would be
"A.4.7.2." The table available to the CRT opera-
tor would indicate this from approximately 400
diagnoses. The format of the diagnoses on the
table printout is:

A. RESPIRATORY
1. TRANSIENT-TACHYNEA
2.
3.
4. PNEUMONTA
1. EARLY ONSET (<72HRS)

1. SUSPECT
2. PROVEN
2. LATE ONSET (>72HRS)
1. SUSPECT
2. PROVEN

5. AIR BLOCK

Once the symbols, "A.4.1.2," and the symbols
for any other relevant diagnoses are keyed-in, the
operator depresses the "return" key. On the raply
menu from the computer, “RESPIRATORY-PMEUMOMIA-
EARLY-QNSET(>72HRS)-SUSPECT" replaces the symbols
"A_4.2.1" on the screen. Thus, the words rather
than the symbols are printad on the patient’s per-
manent records and are always available to double-
check the keyed-in symbols. Data entry by symbols
is meant to greatly simplify the effort of enter-
ing data into the system. The rather rigid format
for diagnosis and procedure information is neces-
sary for future uses of the data, for example, in
query by example and report generation. If we
gvar will be abie to automatically answer the

guestion, "In the past six months, how many of our
babies of less than 1000y pirthweight had suspected
pneumgnia?", we will need the rigidly controlled
information structure below the menu teval and un-
seen by the CRT operator. This will be further
described in the next section.

System Design

Figure 2 shows a top leve} view of the systam,
It is menu driven in that the only way dataz may
énter and leave the data files is through the sys-*
tem of menus. This is an important approach to
data storage and retrieval for several reasons, ®
The mast important is that the operator cannot
alter or rearrangs the fils systems, he or she may
anly enter or change the data contained in the
files. The files are "hidden” from the operator.
A1l that is seen is one af the sat of menus on the
screen asking for different bits of information.
There are some fields in the menu that must be
filled in, such as the INFANT'S CHART 2 an the
admit menu, or am error symbol will appear to re-
mind the cperator that the admit menu is incompiete.

The menus are designed using the "foreground/
background™ modas on the CRT. With this approach,
the guestions are printed at one brightness level
on the screen and the enteresd respanses to these
questions appear at another brightness Tevel. The
set of "tabs" for sach menu is arranged so that by
touching the "tab" key, %he cursor automatically
skips to the appropriate location for the next
response. Each menu has been designed to fit on
the screen all at one time, so that the operator
will not need ta scroll up or down to view all the
respense Jocations.

The menu approach to data entry also provides
a good deal of modularity for the entire system.
For example, one nyrse can he assigned to do admit
and history information for sach new child admitted.
A physiciam may enter the daily diagnosis arnd pro-
cedure information, and a2 third nerson may handle
discharge information and gemerste reports. The
menus may be further used to protect the data base
by allowing certain people o use particular menus.
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A "top Tevel" view of the system.
the fields of the data records are

It is & "menu driven"” system in which
hidden and therefore protected from

inappropriate operator access or use.

This approach can &lso meet the privacy require-

ments for sensitive medical records.

menu is illustrated in Table 1.

A sample

When new sats of data are reduired for the
information system, new menus may be created with
appropriats links to the files.  For example, UNMH
provides newborn intensive care service for quite
2 large section of Neéw Mexico and some of the sur-
roeunding states, so we are considering coliecting
information on the tramsport methods for bringing

the infants to the hospital.

A1l that js neces-

sary to make this expansion is to desigh a new
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1. THE ADMIT MENU.

INFANT'S CHART #
LAST NAME

HOME ADDRESS
MOTHER'S CHART #
SEX

DATE OF ADMIT
TYPE OF ADMIT
MODE OF TRANSFER
REFERRING MD
REFERRAL HOSPITAL
HOSPITAL QOF BIRTH
DATE CF BIRTH
MULTIPLE BIRTH
TEMP OGN ARRIVAL
BIRTH WEIGHT
LENGTH
GESTATIONAL AGE
MOTHER'S GRAVIDITY

TO*DELIVERY TYPE

20 MOTHER'S BLOOD TYPE

21
22
- 23
24

Coomes

5 MINUTE APGAR
MOTHER'S SEROLOGY
COMMENTS

mery for the transport team that provides the
appropriate information for the recards. In this
czse, the menu may be restricted for yuse by the
transport team and they may be barred from using
other menus., It is also pcssible to alter the
axisting menus if new or different information is
desired. This, of course, must be done by the sys-
tem design persennel and, as was true wWwith tne meny
protaction, others may not have accass to these
files. This provides good flexibility within the
system and prohibits accidental or deliberate
damage to the medical records.

THE CAPITOL LETTERS INDICATE THE MENU SPECIFICATIONS
THE LOWER CASE LETTERS AND DIGITS INDICATE SAMPLE DATA ENTERED.

654321

patient

2123 1st, hometown ZIP 00000
123456 AGE 23

m RACE HISPANIC
81280 TIME OF ADMIT 1002
MATRNL XFER UNIT OF ADMIT NBICUT
AIR TRANSFER BY WHOM XFER TEAM
doc

hme

hmc

81180 TIME OF BIRTH 2258
Y BIRTH ORDER 2

35 TEMP ON PICK-UP 36
2345 ADMIT WEIGHT 2344
34 OFC 23

34 WEIGHT WRT GEST AGE a

2 MOTHER'S PARITY 3
YAGINAL DELIVERY POSITION 3

o+ INFANT'S BLGOD TYPE o+

n 1 MINUTE APGAR 5

6 10 MINUTE APGAR 7

n
norie

INFANT'S SEROLOGY n



The diagneses and procedure menus are 7illad-
in each day by the attending physician. It is most
important that the diagnosis and procedure menus he
seen as the primary methed of recording the data.
If a hard copy record of diagneses and procedurss
is required by the medical personnel, the iine
printer copy of the menus shouid be used. It would
be subversion of the entire enterprise for the
gttending physician to write out their diagnosas
and procedures and then expect other staff members
ts "put it in the computar.

The daily menu contains a summary of the
prior diagnoses made and preocedures taken for the
child. This cumulative data is presented to
assist the doctor in seeing, in a comprehensive
tashion, the hospital history of the child. This
daily updated summary <an be printed ocut to
raplace the previous day's summary in the patient's
rezords eliminating dupiication in the infant's
record book. For example, the day the patient
started receiving breathing assistance and when
this was discontinued, or when the patient received
special procedures and how many times they were
performed.

The discharge menu containing administrative
and final diagnosis and procedure summaries com-
piete the permanent records of the patient retained
on the computer. After the patient is discharged,
these will be retained for future repert generation
and to coliect any other information desired. The
total information of all data collected during the
hospital stay will zlso be saved on tape for future
inouiries.

Report Generation and Query by Example

One of the most burdensome jobs for the hospi-
tal personnel has been to collect the data neces-
sary to publish the monthly and annual rzports on
the normal operation of the newborn intensive care
unit. This can often mean culling the written
records of the present and discharged patients to
determine the essential information for reports.
The information can be as important as the eventual
outcome of the hospital treatment or as trivial as
in which county the child's parents live. To

TABLE 2. THE ACTIVE PATIENT REPORT.

eliminate, as much as possible, these frustrating
heurs of search for datz, the report generator is
being developed.

Currently, a few simple reports are beima gen-
erated, such as the active patient repert. The re-
pert, illustrated in Table 2, displays a table of
patients currentiy being treated in the unit along
with some pertinent information.

The patient stay summary and the admit/dis-
charge summary which displays a breakdown of admis-
sions and discharges Tor a specified period are
additional reports. The monthly report is an
extensive averview of the activity in the unit.
This report is currently being developed.

There are certain questiens the pediatric re-
search team would Tike to ask of tha collected set
of facts available for all the patients. This
might simply be to check a correlation of effects
or check the response to a particuiar treatment.
For this reason, the Quary by Example routines are
being designed. These routines, at this time, are
stiil quite primitive. They allow the user to re-
quest the count and the records of al] patients
with a particular diagnosis or procedure. It dees
not, yet, allcw for logical consiructs of informa-
tion. This capability is being developed.

Summary and ConcTusicns

In this paper, we have given a description and
overview of the computerized informatisn system
that we constructed for tha newhorn intensive cars
unit of UNMH. There are several additians we hope
tc include in the system in the coming months. Qne
feature would be the facility for real time moni-
toring where some data (blood crassure, temperature,
and caioric intake} are taken directly from the
infant's suppeort system.. This would raguire a
small processor collecting data and pericdically
sending it to the Targer system. Also, since many
growth curves for normal children are fairly well
understood, Tt would be nice to monitor changes 1in
the patients' development, generating a warning,
for example, of 2 too rapid crapial change, or
when caloric intake is inappropriate to body

THIS IS A LIST OF INFANTS CURRENTLY BEING

TREATED IN THE NEWBCRN INTENSIVE CARE UNIT.

ACTIVE PATIENTS

ID NAME

1 434097 SANDOVAL
2 434786 SMITH

3 434586 CASIAS

4 434283 ROCRIGUEZ
5 434705 CHAVEZ

§ 412365 JOHNSON

7 412288 GRIEGO

8 434632 WEST

S 433484 URIQSTE

- 10 434604 ROY

11 412450 JARAMILLC

ADMIT DATE UNIT
71380 NBICUY
70480 NBICUT
72430 NBICUT
71980 NEBICUT
73080 NBICU2
70180 NBICUT
62280 NBICUZ
73180 NBICUT
62580 NBICUZ
72980 NBICUZ
72180 NBICUZ
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ht. We would also Tike 5 improve the 08% rou-
S S0 that any pediatric researcher coyld enter
data system angd ask any question pertinent to
Or her cturrent rasearch.

We 2150 feel thers are specific "human engi-
ing” issues Teft to be resglved 10 make tha

ire data system more comfortable for the medi-

staff. If the information Ysiem becomes dif.
Tt or cumbersome tg use, it will pe 3 failurs

1y because it W11l not be used to its fullest

city, or worse sti1T, will be abandoned. A77

e issues continue to concern us and will be

rted ¢n by oyr group in duye course,

In canciusion, we feel the meny access, the

daily procedyre and diagnosis routines, and the
query by example and report generation offer a
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Cepies of complete menus, as well as the ful3

es for diagnasis ang Procadures, are available
the aythors for anyone wishing to examine the
em further,

Refarences
ZkTErencas

Janik, D., at ai., Intermountain Newborn Inten-
sive Care Center Computer Sys+am Users Mznuai,
1979,

Shulthesis, 0.C., and Norden-Pauj, R.E., A
Real-Time Patient Datz Acquisition and Display
System, 32nd ACEMB, 1579,

3.

Comerchero, H., et al., SOLD: 4n interactive
Microcomputer-sased Bedside Monitor, Thirg
Annual Symposium on Computer Applications in
Medical Care, (ct. 14-18, 797q. )

» The Impact of 2 Com-
Puterized Madieal Record Summary System on
Incidence and Length of Hospitalization, Medi-
cal Care, VoI. 17, No. 6, June 1979,

Kaplan, B., The Context of Medicaj Computer
Software Systems Development: Medical User
Needs and Expectations, Third Annual Symposium
on Computar Applications in Medical Care,

Oct. 14-37, 1974,

Kernishan, B., and Ritchie, D., The C Program-
ming Language, Prentice-Hall, 7g7a.

Thompson, K., and Ritchie, 0., Unix Program-
mer's Manual, Bell Laboratories, 1875,

Wiedernold, &., Database Design, McBraw-HiT1,
1977, '
Copeland, J., Hamel, B., and Eod}ne, J., An

Explatory Data Analysis System for Suppert in
Medical Decision Making, Vanderbiis University,

e L



