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Abstract

Although automated anesthesia record keeping
(AARK) is gradually spreading through anesthesia
practice, there are only three institutions that use
AARK in Japan. Our institution developed and imple-
mented an AARK engineering work station in 1992
after three years preliminary trial. Physiological moni-
tors, anesthetic gas concentration, blood gas analysis,
and electrolytes are interfaced with each computer.
Drug administration, fluids, events, and remarks are
input through a touch screen. These on-line and
off-line inputs into a computer workstation result in a
electronic anesthesia record with more complete infor-
mation than is available from a conventional hand
written anesthesia record. Colored anesthesia records
are printed out at the end of the case. Remote reference
of other rooms’ trends is recognized as a useful tool of
supervision. Survey proved that most of the anesthe-
siologists in our department preferred AARK. The
system has several areas to be improved if it is to
become an anesthesia information system that include
pre- and post-operative patients’ data for quality
assurance process, billing, and inventory.
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Introduction

We have developed a new, automated anesthesia
record keeping system combined with an anesthesia
work station and have been using the system in clinical
practice since September 1992. During these four
years, over 10000 cases have been recorded. In this
report we will introduce our system, describe its
advantages and weak points, and report the results of
surveys to evaluate the system.

Anesthesiologists receive large amounts of informa-
tion from patient monitors which must be entered
manually on an anesthesia chart. The amount of
information available may be overwhelming at times
and either unconsciously or purposely, anesthesiol-
ogists may edit the information included on the re-
cord). The aim of the AARK system is to keep
accurate and objective anesthesia records. The system
frees anesthesiologists from the charting chore and
allows them to pay more attention to the patient. All
records generated by the AARK system are stored in a
hard disc. In the future, we are planning to extend the
network throughout the University Hospital Informa-
tion Center.

System design and characteristics

DOMAIN system is the distributed processing
system for the purpose of both general and interactive
graphic applications and sets of powerful personal-
workstations and server computers interconnected on
high performance local area network. Fig.1 shows an

Presented by Medical*Online



Automated Anesthesia Record Keeping by Engineering Work Station. Four Years Experience 247

Operating Room Computer Partner
Computer
Display Main Process Trend Image
Window i = 7~ "1 a] Bi e
1\ A Control Display of R Bitmap Files
] Other Room's Ll
Display Trend and [ TrendProcess |- r =~ ™| During each Roo
Wave Process e s S Monitoring Status
f 4 | File
______________ 1 I
TrendMake [ - _""_"Z"”"""”""°C)"”_ _ _| plEachTrendDatal | _
Process MG S S - 1‘_ B | »| Recording Files
I I
* ! Sl =0 — — | Wave Data
E/Ionitonr;g Data ——1 | _p| Recording Files
ontrol Process Wave Data I
A Collection [|~~
Process
Backup Computer 1
Anesthetic Gas Bedside Analod Dat l l<d
Monitor Data Monitor Data nhalog Uata |<—
Online Process Online Process Online Process l Py Sompinr
* A * Recovery Room

- - Analog/ uter
Anesthetic Bedside »{ Digital Blood Gas Analyzer
Gas Monitor Monitor Converter

Fig. 1 Overview of process and dataflow on the computer work station of operating room.

overview of process and dataflow on the computer
workstation of the operating room. Each workstation is
a single user computer with a high resolution bitmap-
display and an hard disk. Each server-computer is
organized as the control server for peripheral equip-
ment and the file server or gateway to other networks.
Every workstation and server-computer share common
network wide demand paging virtual memory system
based on the concept of object. This system provides
users and programs with the environment which is able
to access every system resource uniformly and indif-
ferently to the location on the network. This enables us
to check remote references of other operating room’s
trend. The bit map-graphics-terminal of each user can
display texts of multi-fonts and graphic outputs, and
execute the independent program at the same time on
the multi-windows. Each program can display outputs
to the own window. Fig.2 shows the scheme of the
hardware in the central server. The host computer is
consisted of a Hewlett Packard (DN 3500, Kawasaki,
Japan) set up with 697 M byte hard disc drive. Another

host computer is constantly working for backup of the
system. Fifteen disk less computers compose the local
area network (LAN) using the token passing ring net.
The basic operation system (OS) is AEGIS using
PASCAL as a programming language. An anesthesia
trend graph is shown on a 15 inch color display in each
operating room. Invasive blood pressures are sampled
every four seconds. The values are filtered by one
minute running average and stored every one minute.
Signal validation and rejection are accomplished by
the programmed algorithm.

The patient’s demographic data is downloaded to
the system by a secretary on a day before anesthesia.
Several characteristics of the system are as follows:

(a) Trended output from monitors

Trended real-time records are shown on a 15 inch
color display, including ECG and blood pressure wave
forms. It is possible to trend these wave forms and to
print them out within 24 hours.
(b) Intuitive data entry
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Fig.2 Structure of hardware (anesthesia center).

The user interface and data entry are intuitive. For
data entry, we use a multi-window touch screen on the
display. We consider that a key board and a mouse
are not appropriate interfaces in the operating room
where sticky fluids and blood products may spill.
Events, drugs, fluids, blood loss and remarks are
entered through the touch screen. This man-machine
interface is easy to learn for novice users.

(c) Drugs

Drugs are classified according to their pharmacolog-
ical characteristics. This classification facilitates drug
selection. Drugs administered in a repetitive manner
are entered in the DRUG column. Single use drugs are
entered in the SPOT DRUG column.

(d) Flexible program expansion

The computer is interfaced with several devices and
monitors. Fig.3 shows the structure of hardware in
each operating room. On-line linked variables are

ECG, invasive and noninvasive blood pressures in-
cluding arterial tonometry, central venous pressure,
pulmonary artery pressure, heart rate, Sa0, by pulse
oximetry (SpO:), end-tidal carbon dioxide concentra-
tion (ETCO.), anesthetic gas concentrations, respiratory
rate, body temperature, blood gas analysis and elect-
rolytes. In the cardiovascular operating room, continu-
ous cardiac output and mixed venous oxygen satura-
tion values, 6 channel blood pressure (Two radials,
superficial temporal, femoral and pulmonary arteries
and CVP) and 5 channel temperature (esophageal,
bladder, rectal, forehead and foot) modules are in-
cluded. Greater interfacing with devices and monitors
decrease manual data entry.

Interfacing with new monitoring devices in the
operating room may cause a problem with some
programming. Our program AEGIS uses PASCAL and
has high extensibility. The system provides an easy
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Fig. 3 Structure of hardware (operating room).

interface with an anesthesia gas monitor, an arterial
tonometer and others. Table 1. shows physiological
monitoring devices used in the system.
(e) Multi-task function

The system can operate 54 tasks simultaneously.
Priority for interruption processing is so clear in this
network that data collision seldom occurs.
(f) Restart function

In case of a computer crash, the system is provided
with a re-start function. By turning off the power
supply and then turning it back on, we can choose a
re-start menu on the touch screen. The trends until the
crash are stored and we can continue to record the
anesthesia chart. But the trends during the crash period
are not documented. This period is usually less than 5
minutes.
(g) Remote reference of other operating rooms

In the anesthesia center, we can monitor anesthesia

Table 1 Pysiological monitoring devices and computers

which comprise the system.

Components of the system

Computer

Apollo Domain DN3500 (Hewlett Packard, Andover, MA,
USA)

Physiological monitors

Primary monitor

SERECUST 960, 1280 (Siemens, Danvers, MA, USA)
CMS (Hewlett Packard, Andover, MA, USA)
Respiratory gas monitor

RGM5250 (Ohmeda, Madison, WI, USA)

1304 (Bruel & Kjaer, Naerum, Denmark)

NIBP monitor

JENTOW ( Nippon Colin, Komaki, Japan)

Cardiac output & Svo,

Vigilance (Baxter, Irvine, CA, USA)

Core Temperature

CTM 204 (Terumo, Tokyo, Ja
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records of a specific room or all rooms. Cross-
reference between computer workstation is possible.
When a staff anesthesiologist is supervising two
rooms, he or she can get information about what’s
going on in the other room.

(h) LAN with laboratory and intensive care unit

Blood gas analysis and electrolyte data (Na, K, Cl,
Ca, pH, Pco,, Po,, Hcos, base excess, hemoglobin,
hematocrit, blood sugar) are on- line linked with
computer workstation. Laboratory data are shown on
the computer workstation. Two cardiovascular operat-
ing rooms are on-line linked with intensive care unit.
ECG, blood pressure wave forms are simultaneously
observed in the ICU and can be stored in a computer of
the ICU.

(i) Colored anesthesia record

At the end of anesthesia, a letter-sized anesthesia
record is printed out using a laser jet printer (Hewlett-
Packard). It takes about 3 minutes to complete. Fig.4
shows a representative computer-made anesthesia re-
cord. Operation time, anesthesia time, drugs and fluids
balance are automatically calculated at the end of
anesthesia and printed out on a chart.

During cardiovascular cases, 6 channel blood pres-
sure and 5 channel temperature records can be printed
out in addition to the usual anesthesia record (Fig.5).
Information about anesthesia time, anesthesia method,
agents, catheters and others are automatically printed
in the right column of the anesthesia record. These
variables can be utilized as a source of automated
billing and inventory.

(j)Retrieval

For data retrieval, we can use any variables such as
name, date, surgical procedure, blood loss and others.
Retrieval is usually completed within 15 minutes. The
anesthesia record can be reprinted anytime. ECG and
blood pressure wave forms can be retrieved within 24
hours because of the limited capacity of the hard disc.
The trended data can be stored for three years.

(k) Anesthesia report

Daily and monthly anesthesia reports are also
automatically made. Patient’s ID, name, age, gender,
date of surgery, diagnosis, surgical procedure, pro-
posed surgical time, real surgical time, and anesthesia

time, are gathered from pre-operative and intra-opera-
tive data and integrated into anesthesia report. Recent-
ly we have developed a program to calculate the
difference between proposed and real surgical time.
We are using the data to improve operating room
utilization and for warning to some surgical staff.

Survey

In order to evaluate the system 14 anesthesia
residents and 10 staff anesthesiologists were surveyed.
Comparison between a handwritten and an automated
anesthesia records were judged using a three grade
scale: inferior, fair, superior (Table 2). The accuracy of
the automated anesthesia record was felt to be fair by
50 % residents and staff anesthesiologists. Forty %
residents and 50% staffs deemed it inferior in accuracy
mainly due to artifacts. Spatial configuration was
deemed inferior by 70 % of staff. We must turn our
back toward patients during data input. Legibility was
deemed differently by each individual anesthesiologist.
Learning period was 1 to 2 weeks both in residents and
in staffs. They learn this system in the operating room
caring patients. Over 90 % anesthesiologists preferred
the automated anesthesia record keeping on the condi-
tion that accuracy and spatial configuration would be
improved.

Discussion

Since the 1980’s some anesthesiologists have re-
garded AARK as a useful tool that can improve
vigilance, medico-legal defense, education, and ad-
ministration® ~7. After three years of trial at a satellite
hospital, we pioneered the implementation of AARK
in the operating rooms of Hokkaido University Hospi-
tal in 1990. During the first two years following the
introduction of the AARK system, both hand-written
and automated anesthesia records were kept. In Sep-
tember 1992, we eliminated the use of hand-written
records. In response to our requests a system engineer
has improved troublesome aspects of the system,
however the system continues to have some problems.
We have lost 1.5 % records because of touch screen
dysfunction and network accidents. In these cases,
anesthesia records were kept by a conventional hand-

Presented by Medical*Online



Automated Anesthesia Record Keeping by Engineering Work Station. Four Years Experience

ANESTHESIA RECORD Hokkaido Univ. Hespital PAGE (V1)
[T TR TN Tate FOLIbE DG, | PBLIBAL oeRe T Tige Heght Tergnt T Jeees T
73486 1446 1995 2 02 / 18 0547628 i N | 49y10 | 165 cn | 80.8 ky 1708  # | AR
Tperation Time RORSERSEiR |19 Hept. Gk Rova Risk anestissiniogist Surgeon
4 e 54 fin € Hr 36 Bip Surgery I 1 (A% 2 | Kemmotsu tehiro
1 b, Buth cial Anesth. He
Diagnosis Operation ?fm‘:t ” thod " Special fin thod
1y Hepatic Ca, I rt, hepatic lobectomy b e Toduction iy
2 23 & Feidored anestiests 2
4 1y 2 il STaRY - PN
4 o Gpe.  10:61 - 145§
) 5 nesth.  08:59 - 15:35
L3 ) fgent Bose Tulal
8 ] 8.0 i : 2 2] i i i tagent Named {Total
o -, o coms inind [
w30 - -~ - Lloming 520
fant 08 18 . G fheid
Veeu & g ] % 2 2 2 1 o LEIE
LA E) 7 3 3 3 ) Bin
& - i S
v i ———
i : toidura] fnesth, T1}
Nl o - & Wositigh tert Lateral
i —— Gt i
el fi ¢
2 1 i8 ITubing] Tephatad ¥ O
[ 3 w8 02 "%gf:g:gﬁg ‘tx'“g G
224 s £ 3 S T4
W e o 4 WS e 2 tiaes
188, w2 98D B
Sph2 im # 99@“ Intubation "
T Trache:
ET002 120 o e ;!m!éﬁ?ul :xw “g"g'
1884 " g%ﬁggm Yostn) | 42 in
= Y’l&?g"!lw“ ; 3 !“&3
o sl g [mid [T
e i 3 £ 4
; 28 ve trter inbstion Gk s
L1s -
[ 104
8 ter ¢ i E}g
- * i - J';: iR X W
3 i £ xiubat ion
e ‘ = f(g”m ‘Eiw) ik
4. £ i 3
= . {Rivaly Gtand ¢ =
£ @ rg(ﬂf« agﬁmn P
wl : SR
R o ) @ Keanctous % %ew
pe i M..J‘\i B i %
8 8 e reawys lveid ¢ 1 )
@ [ ic_lobectony Halreaty Bioasl < 2
LCqivusy) Park] € - 1
o e 1 58 i Ehral Biowagl £~ 3
mxwww?»«?mmgé 3
2.a o e
3 = e - whiti] o
w2 - Y- ine
1 thunctuce Sital TP
[ 13 t) 5 % BL. ore Py
f 8% £ v Pl i s Lk
ki e tBa o Ia-line
1) { 36 8
& e e 3 e KRG A
Transfusion Tolal
L
s Infasion Yolal
G ) 1258 350 _a)
o i - - - i 3
2 i 3 i e ¢ 1501
. - ' 3 i i
B G ;| 68
~ T e i mavsod ey T 10083
St 3 v & b
[ECPRELD ) N 660> o t10)
Has 1962 0.8 o 10,8 130.7 (mo91
€ 3.8 238 358 ER et
BEe ¥ 4 32 * ? Eamal iy
Caee R 48,68 4.5 6.9 48,18 {adelliy
wehf 4.3 4 8.5 97 Bt Cuntg)
g 32,8 3 4.4 5 882 CHuREY
w3 1248 3.4 1978 17,6 95 cunol/fs
BE omai/ty
a1 2.8 128 1 1.8 196 @
e BN £ % 3.5 4.4 el
ey 2
B L ¥ B8 55 §.4 gy
* 85 A A i CRyraty
Premedication $ Eﬂs M Complicat ion
ot e o e e | 8 15& 'i.i kg?g i‘ e g
WIS Aazepan 1B.0) ¥ wg .;\{; Baphty & ¥ 4
) 1)
BB e s B

Fig

written method. In case of network accidents, record-

keeping

.4 Colored anesthesia record.

Total amount of agents, information about intubation, extubation,epidural anesthesia, intravenous
line, arterial line, Swan-Ganz catheter, and central venous line are printed in the right column of

anesthesia record.

can be re-started, but during these periods of
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Fig.5 Cardiac anesthesia record.

6 channel blood pressure, 5 channel temperature, continuous cardiac output are indicated.
Standard format anesthesia record is also printed out.

interference in the operating room. This mainly affects
the ECG monitors resulting in scattered heart rate

recordings. Currently heart rate is determined from a
pulse oximeter because ECG is more susceptible to
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Table 2  Survey. Interview with 14 anesthesia residents and 10 staff anesthesiologists.

Accuracy and objectivity Legibility

Spatial configuration

Vigilance Database construction

Grade Inferior ~ Fair  Superior  Inferior Fair  Superior  Inferior
Resident 50 50 0 35 20 25 50
Staff 40 50 10 30 30 40 70

Fair ~ Superior  Inferior ~ Fair  Superior  Inferior ~ Fair  Superior
25 25 20 60 20 55 35 10
10 20 10 90 0 40 20 40

Learning period

Prospective preference

Days Iweek 2weeks Imonth
Resident 0 30 50 20 10
Staff 10 40 40 10 0

Hand writing ~ Automated

90

100 Values are expressed as%

electrical interference.

Whenever possible equipment which is invulnerable
to electrical interference should be selected. If the
pulse oximeter fails, the program will switch to
determine heart rates from ECG.

Time delays and touch sensor errors can occur
especially in novice users and appropriate training is
important. It takes approximately two weeks for an
individual to get acquainted with the system. Since
most anesthesiologists do not specialize in computer
engineering, system engineers should be available to
provide technical support. The system was constructed
by a single system engineer in our institution. Conse-
quently the system may appear to be a black box to
other system engineers to say nothing of anes-
thesiologists. Close co-operation between anesthesiol-
ogists and system engineers is mandatory to improve
the system.

A structured database that meets our institutional
needs remains to be developed. The current system has
limited retrieval programs and does not function
optimally. For example, circulating nurses check a
billing sheet that includes drugs, monitors, anesthetic
procedures, fluids, blood transfusions, surgical pro-
cedures, and surgical materials with the exception of
surgical procedures and materials, all the other items
can be entered using the automated anesthesia record
keeping system by the anesthesiologist. If there is a
on-line link with billing office, there would be no need
for nurses to also enter this information. Also the
system has no link with our hospital information
system, so preoperative patient’s information such as
identification number, name, gender, and laboratory

data must be input by a secretary. Developing a local
area network (LAN) with the hospital information
system will reduce work load by avoiding duplication
of data input.

There are criticisms of the automated anesthesia

record® ™19

. Anesthesiologists may become too in-
volved in generating the anesthesia record and vigi-
lance may wane because there is no need to write vital
signs. We think that these criticisms may be true of
junior residents. But in our experience, senior residents
and staff anesthesiologists are satisfied with the sys-
tem.

After implementing the system, we have had no
serious anesthesia-related mishaps. In case of medico
legal problems, the automated record may be helpful
because it provides a clear, accurate record!?.

This system also provides a central trend display
that is useful for a clinical director supervising the
operating rooms. We have had several near-miss
situations in which serious sequelae were prevented
because the clinical director had noticed problems
developing on the central trend display. Quality
assurance issues may be processed in a more efficient
manner using the database'? ~'». From our four years
experience, three major areas of record-keeping ap-
peared to be improved. (1) physiologically convenient
spatial configuration, (2) useful database construction
for quality assurance, (3) LAN with hospital informa-
tion system including automated billing and inventory.
However, AARK itself does not automatically solve
record-keeping problems'> and the system must be
well-designed, if it is to be effective and efficient. We
are planning to design a new anesthesia information
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system which will address these problems. Down-
sizing, open system, and user friendly man-machine
interface with high fidelity will be indispensable in a
new system, which we expect will allow increased
vigilance, man power reduction, and improvement in
patients’ care.
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