
 

Automation in anesthesia, a relief? : evaluation of a Data
Acquisition and Display System
Citation for published version (APA):
Meijler, A. P. (1986). Automation in anesthesia, a relief? : evaluation of a Data Acquisition and Display System.
[Phd Thesis 1 (Research TU/e / Graduation TU/e), Electrical Engineering]. Technische Universiteit Eindhoven.
https://doi.org/10.6100/IR254190

DOI:
10.6100/IR254190

Document status and date:
Published: 01/01/1986

Document Version:
Publisher’s PDF, also known as Version of Record (includes final page, issue and volume numbers)

Please check the document version of this publication:

• A submitted manuscript is the version of the article upon submission and before peer-review. There can be
important differences between the submitted version and the official published version of record. People
interested in the research are advised to contact the author for the final version of the publication, or visit the
DOI to the publisher's website.
• The final author version and the galley proof are versions of the publication after peer review.
• The final published version features the final layout of the paper including the volume, issue and page
numbers.
Link to publication

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.

            • Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
            • You may not further distribute the material or use it for any profit-making activity or commercial gain
            • You may freely distribute the URL identifying the publication in the public portal.

If the publication is distributed under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license above, please
follow below link for the End User Agreement:
www.tue.nl/taverne

Take down policy
If you believe that this document breaches copyright please contact us at:
openaccess@tue.nl
providing details and we will investigate your claim.

Download date: 24. May. 2023

https://doi.org/10.6100/IR254190
https://doi.org/10.6100/IR254190
https://research.tue.nl/en/publications/4efedfe2-2853-48fa-9893-6d8f4629d9dc


"AUTOMATION IN ANESTHESIA, A RELIEFT' 

Evaluation of a Data Acquisition and Display System 

PROEFSCHRlFf 
ter verkrijging van de graad vall doctor aan de 

Technische Universiteit Eindhoven. op ge~i;lg Vi;ln 
de rector rnagnificus, prof. dr. F.N. Hooge, voor 
een commissie aangewezen door het college van 

dekanen in het openbaar te verdedigen op 
dinsdag 9 december 1986 te 16.00 uur 

door 

ANNEJET PETRA MEIJLER 

geboren te Amsterdam 



Promotoren: Prof. Dr. Ir. ,I.E.W. Beneken 
Prof. Dr. Joh. Spierdijk (AZL) 



Aan wie ik li~£heb 



It IS as far as the bear knows, 
the ONLY way of coming 

downstairs ..... 

but sometimes he FEELS, there 
is really ANOTHER 

WAy •••••. 

if only he could STOP 
bumping for a moment 

and THINK of it!! 

(from A.A.Milne, winnie-the-Fooh) 



VOORWOORD 

In zijn huidige vorm is onder~oek meestal niet meer het 
werk van de enkeling. nit geldt ook ~eker voor het in dit 
proefschrift beschreven multi-multi disciplinaire 
onder~oek. Elke keer blijkt toch weer dat bij het 
samenwerken van verschillende disciplines een brug geslagen 
moet worden tussen de wens en van beide partijen dit vergt 
tijd en inspanning van velen. 

Met grote tevredenheid kijk ik terug op de periode die 
achter me ligt. Ik heb veel geleerd en ik heb waardevolle 
mens en leren kennen. 

Mijn dank gaat uit naar: 

Professor Beneken, promotor (en niet in de laatste plaats 
voor het aannemen van een vrouw met een dikke buik). 
Professor Spierdijk, promotor, voor het toelaten van een 
"vreemde eend" op de operatiekamers. Meer dan ik kan ~eggen 
ben ik verschuldigd aan mijn vrienden en opleiders uit het 
AMC: Tom van den Berg en Oom Henk van der Tweel, adviseur, 
voor de stimulerende discussies en voor het doorspitten van 
dit werk. 
zonder de maandenlanqe in~et van Piet Damman 
(tekstverwerking en programmering) zou dit boekje nag 
nergens ~ijnl Joop Onink heeft met eindeloos geduld de 
figuren gemaakt en telkens weer verbeterd. Henk van 
Kessel, je weet het, ~onder jouw als stuwende software 
1ngen1eur geen DADS en zonder DADS geen •.• juist, boekje. 
Hans Blom, het viel niet altijd mee om tot de juiste 
samenwerkingsvorm te komen, maar het resultaat is des te 
waardevoller. Jij hebt als groepsleider het projekt tot dit 
goede einde gebracht. Door het grote enthousiasme van de 
artsen Pim Hennis, Jan de Jong en Rob Nelissen konden de 
klinische experimenten worden verwezenlijkt. De onmisbare 
medische begeleiding kwam van Annemarie Nandorff en Harry 
van Wezel. Verdere medische advie~en kwamen van Jim Bovill, 
Rob Nijhuis en Norbert de Bruijn. Bereidwillige hulp werd 
verleend door het personeel op OK 1 en 3 van het AZL en 
door Frits de Raadt en eigenlijk door iedereen van het TOIG 
van het AZL. 
Bij klinische experimenten behoren statistische toetsen en 
daarmee de statistische adviezen van M. Bouwhuis-Hoogerwerf 
en Nico Nagelkerke. Earmen Kragt en H. Bleileven, hebben 
mij met hun wetenschappelijke adviezen op het goede spoor 
voor een evaluatie methode gezet. Barbara cornelissen en 
Karen Theissen hebben het engels grondig gecorrigeerd. 
Dat er nog bibliothecarissen van de oude stempel bestaan is 
nu bewezen. I.Bruza en Peter van der Ven zijn goud waard 



geweest bij het verzamelen van artikelen en het corrigeren 
van de literatuurlijst. De literatuurlijst is ingetypt door 
Thee-Dirk Meijler en Bart van Wijck. Verder hseft piet 
Schuurmans het literatuursysteem en het patienten bestand 
bijgehouden daarin bijgestaan dear Marjan van den Hurk en 
vele afstudeerders. Sjoerd Ypma stand ten aIle tijde klaar 
om te helpen en om de electronica van DADS voor de 
zoveelste keer te herstellen. stephanie van Deurzen zorgde 
voor het typewerk van tabellen. Joep van Ointher, Thijs 
Stapper en G.van den Akker namen tekenwerk voor hun 
rekening. De mens en van de Repro hebben het foto en 
reproductie werk dat altijd snel snel moest, verzorgd. De 
vakgroep ES verdient een speciaal bedankje voor de 
verleende gastvrijheid bij het format ten en printen van de 
tekst; Reinier van den Born heaft ons daarbij met raad en 
daad terzijde gestaan. 

verder heh ik met vele afstudeerders en stagiairs naar 
genoegen sarnengewerkt; Sjef van den BUys (ergonomie 
onderzoek), Jan Cool en (ergonomie onderzoek), Karel van 
Coolegem (software DADS), Pierre Cluitmans (implementatie 
anesthesie verslag), Martin te Dorsthorst (software DADS), 
Jeroen Hees (software DADS), Mari Heesbeen (software DADS), 
Ronnie van de Lavoir (software DAOS), Roland Mathijssen 
(VAX- specialist), John Manteleers (literatuur critical
incidents), Stef Olofsen (evaluatie anesthesie verslag), 
Rob van der stap (literatuur interview- technieken), Rob 
van Tijen (experimentele samenwerking). 

Op de "achtergrond" van het geheugen moast een huishouden 
draaiend gehouden worden. Dat dit prim~ verliep dank ik aan 
ons huishoud-regiment: Bep, Wil, Tilly en Mirjam en nog 
ettelijke invallers. Jullie waren geweldig. Dit geldt ook 
voor Oma Diny van Putten die altijd bereid was om in te 
springen als ~e geen kant meer opkonden. 
Gerda als aankomend kinderarts heb jij 1001 telefoontjes 
over griepjes van de kinderen beantwoord. 
Pap en Mam de liefde en opvoeding die jullie ons gegeven 
hebben (geven) is het fundament van alles. Oma en Opa, 
jullie zijn altijd een onverbrekelijk deel van mijn 
opvoeoing geweest. 
Kees, jouw niet aflatende vertrouwen en steun zijn 
essentieel geweest voor het volbrengen van dit werk. 
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N.B. Abbreviations which are listed elsewhere 

are nat included. 
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1. GENERAL INTRODUCTION 

l.l. ~ntroduction and survey 

Utili~ing tools in order to accomplish tasks beyond 

the limit of human performance is inherent to man. As ear

ly as 400,000 years ago, homo sapiens used tools made of 

stone to club down elephants fig 1.1 (Johanson and Edey 

1981). This aspect of human behavior has not changed sinoe. 

At present we are living in an era in whioh automation is 

used to expand our abilities. 

Oldowan~ ~ Acheulean 
Horninids 

Olduval Hadar KOObi FOra Orne 
a ----r-- ····""··,--,··,----;---·Ff'W_-

~ 1 ~,-------,,&"'-------A 
:: 11'1 " o 2 ~ __ ~.. .. ---=---l,"-II---h!;--PIi4Ir---
g? , 
o 
~ 3 ___ . ____ _ 

4 
H sapiens 

A robustU$ 

Fig.l.l From the concurrency in findings of tools 
and bones, according to site and age, it was 
supposed that tools of this kind had to be an 
invention of homo and that homo habilis may turn 
out to be 2.5 millions of years old. (From Johanson 
and Edey (1981». 

According to Toffler (1980): "computers [are], linked to 

banks, stores, government offices, to neighbor's homes and 

to the workplaoe, destined to reshape not only business, 

from production to retailing, but the very nature of work 

Seotion 1.1 1 



and, indeed, even the structure of the family." 

This thes~s dis~usses one aspe~t of automation: its 

possibilities and the justification of its use in 

(cardio) anesthesia. Specifically; the evaluation of an au

tomated Data Acquisition and Display (DADS) System for pa

tient monitoring will be treated. A generally applicable 

evaluation method was composed. Its execution required the 

consideration of the usual procedures at and around cardiac 

anesthesia from different viewpoints. The objective of the 

evaluation was to detect over a broad range the possible 

weak spots ih the worksituation of the cardio- anesthesiol

ogist and to determine whether these can be improved by 

means of extensions to DADS or by the application of other 

possibilities. That improvements in anesthesia, in spite of 

its degree of perfection are still possible, can be illus

trated by means of the so called FAFR values for different 

occupations. FAFR is short for Fatal Accident Frequency 

Rate. This is the number of fatal accidents per 100,000,000 

hours spent in a specific situation. For the year 1980 

ZeIders (1986) quoted from various sources the following 

pAFR values (which hold for the Netherlands unless stated 

otherwise) : 

pregnancy 
Railroad traffic 
Car traffic 
Agriculture 
Traffic (general) 
Construction 
Air traffic (international) 
Anesthesia 

1 
5 
6 

10 
50 
67 

100 
4000 

Thus, in comparison to other common activities, the risk of 

being under anesthesia, iatrogenio causes excluded, is con

siderable. To obtain an impression of the number of fatal

ities per year, these numbers must be corrected for the 

number of hours spent in a speciti~ situation. For in-

2 Section 1.1 



stance, the number of fatalities in traffic is about 2000 

per year while in anesthesia this is (estimated at) only 

70 per year. The reason for this is that the number of 

hours spent in traffic is 2500 times higher than the time 

spent on the operating table. But still the fatalities in 

anesthesia are deemed to be of public importance; according 

to an estimation of Spierdijk (priv. carom. 1985) 1,2*10
6 

anesthetic procedures are performed eaoh year in the Neth

erlands. This entails that on the average the Dutchman will 

have to undergo anesthesia once every 10 years. 

The ~AfR, however, is only a measure for the tip of 

the iceberg, namely the fatalities. In traffic for in

stance, the number of injured persons is about 55000 per 

year. 

In aviation a special technique has been developed which in 

addition to fatal accidents, systematically uses all near 

accidents to obtain information whioh can be used for 

preventive measures. 

In anesthesia these so called "critical-incidents" are 

also becoming of increasing importance in relation to 

prevention. cooper et al (1978) gave the following defini

tion for a critical-incident in anesthesia: 

"A mishap was labeled a critic<ll-incident when it 

was clearly an occurrence that could have led ( if 

not discovered and corrected in time) or did lead 

to an undesirable outcome, ranging from increased 

length of hospital stay to death or permanent disa

bility ... 

However, as we will see later the so called "critical

incident technique" is not yet in an adequate stage to 

traoe the mishaps with satigfacto~y accurateness. 

until now most investigators attempted to identify 

problem areas direotly related to the tasks of the 

Section 1.1 
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i 

_ time iMo,sl 

Fig.l.2 There are often considerable discrepancies 
between values as registrated by an automatic data 
logger and values on the handwritten anesthesia 
record, such as shown here after induction of 
anesthesia. (From Zollinger et al (1977) , by 
permission of Academic Press). 

anesthesiologists. Tasks of the anesthesiologist include 

monitoring, controlling and data logging. A well known 

problem in data logging was quantified by Zollinger et a1 

(1977). From the 100 cases where a drop in bloodpressure 

was recorded by an automatic data logger, 40 went unrecord

ed on the handwritten anesthesia record (Fig 1.2). Paget et 

al (1981) explain that human vigilance and therewith the 

quality of monitoring decreases after 10 minutes. Smith 

(1983) showed that When a correct model can be realized the 

corresponding control task is 

machine. In this context Beneken 

performed better by a 

et al (1974) tried to 
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model halothane controlled anesthesia. They noticed howev

er, that to be able to control the physiological signals, 

many types of measurements were not sufficiently accurate. 

In addition, they notioed a few other problems such a5 de

centralized data presentation and a low level of data pro

cessing as factors which inhibit fast decision making for 

the anesthesiologists. 

These problems led to OUr servo anesthesia project, a 

project to assess in what degree automation in anesthesia 

is useful. In the extreme the project is directed to a 

closed loop anesthesia delivery station comparable to the 

automatic pilot in aviation: not a system designed to 

dispense with the anesthesiologist but a system tailored to 

take over time-consuming, tedious and programmable tasks. 

As a starting point, we developed the Data Acquisition and 

Display System (DADS) for centraliZed measuring and survey

able information presentation. During its development the 

need for a systematic evaluation (test and improvement 

phase) was recogni~ed. In principle the system has been 

designed to be applicable in any type of surgical pro

cedure. However, in the systematic evaluation of the sys

tem, as treated in this thesis, we have restricted our

selves to one type of procedure which puts high demands on 

the quality of monitoring; namely the cardia-anesthetic 

procedure. 

The need for the evaluation of DADS arose, amongst 

other things, because the anesthesiologists came up with 

many suggestions regarding extensions and improvements to 

DADS. A guide to priority setting was deemed necessary and 

the assignment was to expand this to the set up of a mor~ 

organi~ed design protocol for comparable systems. Another 

major issue was that if experiences with such a system are 

positive this does not automatically imply that patient 

care is measurably improved. Just as with the introduction 

Section 1.1 5 



of a new pharmacon, one would like to show an improvement 

in patientca~e to just~fy yet another pieoe of equipment in 

the operating room. Therefore, we inoluded experiments to 

test the impact of DADS on the course of anesthesia. 

Summarizing; in the 

given to the detection 

DADS on Qifferent levels: 

evaluation, attention has been 

of possible new requirements for 

-the signal level I to provide optimal suppo~t in decision 

making it is essential that clinically significant signal 

behavior is identified. 

-the o~ganizational level; to minimize the existence of 

factors which may lead to critical-incidents, the 

work (environment) of the (cardio)anesthesiolog~st has to be 

improved. 

-the critical-incident direot studies into 

oritical-incidents are likely to provide us with clear 

clues On which aspeots automation may be most useful. 

In sect~on 1.2 we will mention some of the historical 

developments which have led to such a oomplex situation in 

the operating room that the application of automation seems 

neoessary. 

Following this introductory Chapter 1, Chapter 2 will 

present in elaborate fo~m the problems which underly this 

thesis. The chapter is dedicated to the description of the 

task of the anesthesiologist in the operating ~OOm. The 

following matters will be treated: a general impression of 

anesthetic management, the subtasks and workload of the 

anesthesiologists and the layout of the operating room. 

Various problems will be discussed, where possible sugges

tions for improvement will be given and some will be ela

borated upon in subsequent chapters. 

6 Section l.l 



In Ch~pt@r 3 (the materials chapter), those aspects of 

DADS will be described, which are ot importance for the 

user and the evaluation of DADS. This means that the 

description of the fund~m@ntal software and hardware will 

not be included. For this we refer to the several m~ster 

theses which have been written on these subjects: H@ngst en 

Kr~mer( 1980), van Kessel (1981), te Dorsthorst (l982), 

Hees (1983), van de Lavoir (1983), Heesbeen (l9B4), 

Coolegem (1984). It must be realized that in this thesis 

DADS is, in fact, both the subject of the investigation; 

the system to be evaluated, and the measuring instrument; 

the system for collecting the data whiCh will be used to 

learn more about decision making of the anesthesiologist. 

Chapter 4 (the method chapter) describes the evalua

tion method as composed and applied in this thesis. It 

starts with a review of evaluation methods as applied by 

others on comparable systems. Though in these methods, many 

elements have been used, they were mostly incomplete from 

the human engineering point of view. To our knowledge there 

is no systematic basic method from which these elements 

have been carefully selected. Therefore w@ composed a gen

eral evaluation method which will be presented against the 

background of human engineering guidelines. subsequently, 

the evaluation method as applicable to DADS will be 

described; it is a selection of the possible tests and 

techniques as mentioned in the general evaluation method. 

In Chapter 5 the clinical evaluation is treated. It 

includes the experiments which were performed to test the 

performance of DADS. Two tests will be described. The first 

test was developed to oheck the clinical significance of 

the alarms generated by an objective algorithm in DADS. 

Section l.l 7 



In the second t~st the devi~tion of physiologic~l sig

nals from their normal ~ones is used as the criterion to 

test whether monitoring by DADS has a measurable influence 

on signal behavior and therewith possibly(?) on pa

tientcare. 

Chapter 6 details on some major improvements ~nd 

changes in the ergonomics (layout, man~machine interaction, 

data presentation) of DADS. In the evaluation many new re

quirements for DADS were collected. Small improvements and 

suggestions are disoussed where relevant in the various 

chapters and have been implemented when possible. The im

provements to be described in chapter 6, have not been 

developed and tested in vivo, but have been used by the in

dustry as an instigation for a commercially integrated 

workstation (Zegers-de Beyl 1985) and they resulted for us 

in the design of a "maxi DADS" an integrated workstation 

for research applications. 

Chapter 7 discusses another improvement to DADS. It 

describes the major extension to DADS which was realized, 

the automated anesthesia record. Also a separate evaluation 

by means of a brief questionnaire, which was performed to 

determine the satisfaction of the users with the record, is 

treated. 

Chapter 8 is a recommendation chapter. When automation 

is applied in the operating room, a primary goal should be 

the decrease of critical-incidents, therefor~ we present in 

Chapter 8 a literature study regarding critical-incidents 

in anesthesia. It will be shown that though DADS may avert 

some of the factors associated with critical-incidents, 

DADS is not (yet) directly designed for the prevention of 

critioal-inoidents. Recommendations tor adapting systems 
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like DADS in order to prevent some critical-incidents are 

given. 

1.1. Historical developments in monitoring 

Through the ages it has been the task of the phy~ician 

to watch and observe the patient with the specific purpose 

(~rnonitoring) of making a diagnosis and/or performing a 

therapeutio action. presently the task of IImonitoring" is 

often mentioned in one breath with the monitoring equip

ment. Therefore it is not clear whether the medical concep

tion of monitoring does or does not include the observation 

of the clinical signs without an aid. This follows also 

from the different definitions of monitoring. spierdijk and 

Nandorff (1974) define monitoring as "the continuous visu

alization of speoifio measured phenomena, which can be per

formed in either an analog (graphio) or digital (numerical) 

fashion". Collins (lSSl) defines monitoring as "the repeti

tive performance of observations and measurements intended 

to detect a specific event, to follow the clinical course, 

or to evaluate therapeutio response". The seoond definition 

is broader than the first and inoludes observation of both 

the clinical signs and the phenomena as presented by addi

tional measuring equipment (Ream 1982 p139, even includes 

the control task in his definition of monitoring). Accord

ing to de Lange (1985) there is no differenoe between moni

toring with or without equipment; the transducers which en

able man to observe more clearly the state of the patient 

are just extensions of the senses. Thus directly observable 

clinical signs and parameters which can only be (correctly) 

observed by means ot "transducers jj must both be included in 

the monitoring. However, it should be noted that the 

specific monitoring equipment is not the only equipment 

which has to be monitored by the anesthesioloqist. The 

main commission of the anesthesiologist during surgery is: 
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to bring and keep the patient in a state whioh enables the 

exeoution of a surgioal procedure and warrants the vital 

funotions of the patient. 

In order to realize this, additional equipment is required; 

during cardiac surgical procedures indispensable equipment 

includes a ventilator and also of major importance, a car

dio pulmonary bypass (CPB) apparatus. This latter system is 

essential for taking over the pumping function of the heart 

and the oxygenation by the lung during periods when the ac

tivity of the heart is stopped to enable the surgeons to 

operate on the heart itself. 

Pieces of equipment like this present the 

with additional sets of parameters to be 

adjusted. Summarizing, the monitoring 

anesthesiologist regards parameters from: 

s- directly observable clinical signs 
(around 12, see page 20) 

A- the anesthesia delivery machine 1 

anesthesiologist 

monitored and/or 

task of the 

} for cardiac procedures 
v- the ventilator 
H- the haernodynamic monitoring 

temperatures 

1 coupled or integrated. 
equipment including 

B- the cardio pulmonary bypass apparatus (monitored and 
controlled by pump technicians but in 
concert with the anesthesiologists) 

G- bloodgas and electrolyte values as determined outside 
the operating room 

I- Intra venous infusions 
M- Administered medications 
F- Fluid balance (blood,plasma,drip infusion in, 

soaked bandages/blood,urinary out) 
~- Recording devices 

On e~ch of these categories, advanced knowledge and 

technology is required to enable monito~ing during ca~diac 

anesthesia. The breakthrough to cardiac surgery was the 

realization of the cardio-pulmonary bypass apparatus by 

Gibbon (1954), with which he p~~formect the fi~st successful 

cardiac surgical procedure. Years later, in 1969, the first 

aorto-coronary bypass operation in the Netherlands was re-
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ported (Laird-Mester 1933). At present, around 7500 bypass 

operations per year are performed in the Netherlands under 

the care of anesthesiologists specially trained for cardiac 

caseS. 

Numerous advances in science had to be made however, 

before the breakthrough to cardiac surgery could take place 

(Wood 1973). Some of them are marked in figure 1.3. In this 

figure timelines for some of the categories included in 

monitoring are given. One essential milestone was that in 

the middle of the 19th century, the agents ether, nitrous 

oxide and chloroform were introduced to induce anesthesia. 

From this point modern anesthesia evolved and allowed an 

enormous expansion in surgery because at last painless 

treatment was possible. A comprehensive overview of the 

developments in anesthesia is given by Lee and Atkinson 

(1973). ~he invention of anesthesia meant only the start of 

an era. An era in which the ventilator, developing since 

the 18th century, grew into a sophisticated tool enabling 

anesthesiology to become an independent specialty in the us 

and the western European countries circa 1945. 

Comroe and Dripps (1976) performed an 

thorough analysis of the scientific research 

cardiac surgery. After studying 4000 articles 

impressively 

which lead to 

they showed 

that 40% of the research which ultimately enabled cardiac 

surgery, had not been clinically oriented at the time of 

the research. Knowledge was obtained for the sake of it, 

and was not directed to cardiac surgery. Comroe (1973) in 

his "Retroscope" gives many interesting examples regarding 

the causes of major developmentst there were often very 

different motivations for their initiation. For instance 

the ventilator was initiated to resuscitate people after 

near drowning (Kaplan 1933) and after morphine poisoning 

(Comroe 1973). Moreover, further development of the dif

ferent devices was, in most cases, independent. Apart from 
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Fig.l.3 Important steps in the development on specific 
subjects are marked in several time-lines. Most of the 
time, developments took place independently. Together they 
enable cardiac surgery, but at the same time result in a 
steadily increase of the variables which have to be 
monitored. In the time-line at the right the number of 
variables to be monitored and their origin (clinical signs 
(S), anesthesia dalivary machine (A), haemodynamic 
monitoring equipment (H) etc.) are indicated. 
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technical barriers, this precluded right from the start any 

notions regarding integration or attuning of the equipment. 

yet there have been periods of exchange between the lines 

of development. At the start of the 20th century attempts 

to perform surgical procedures in the thorax were made and 

this re~uired both the administration of anesthesia and the 

prevention of lung- collapse. A system both for insuffla

tion and administration of chloroform was applied (Kaplan 

1983). aut this did not result in further combined develop

ment. 

In figure 1.3, the rightmost line gives the number of 

directly observable clinical signs such as perspiration and 

pupil size, which over the years, remains constant (about 

12). In addition to these, the number of indirect signals 

grows consistently. The new haemodynamic parameters which 

can be monitored form part of this and also, and not negli

gibly, the data presented by the ventilation and anesthesia 

delivery systems. First, the anesthesiologists only ob

served the supply of volatiles in an inhaler. However, 

from the beginning of the 20th century parameters as pres

sures and flows in delivery systems are included and, later 

still, ventilation pressures, flows, frequency, volume and 

cycle parameters. 

This implies that, at the time cardiac surgery became real

ity, the anesthesiologist should (if he were able to), mon

itor about 30 variables. In spite of the advances on all 

lines of development following this breakthrough, no essen

tial changes took place with respect to the number and 

diversity of variables to be monitored. Therefore, it is 

not surprising that when we consider the current state of 

the art in the operating room, the impression is that the 

various devices are often very sophisticated but that the 

total layout is diverse and non-integrated. 

An illustration of an arrangement of eqUipment is figure 
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Fig.1.4 A picture of an operating room for cardiac 
surgery (1983) is shown. The equipment to be used 
by the anesthesiologist is sophisticated. However, 
the level of uniformity and integration is low. The 
set-up makes a cluttered impression. 

1.4; it presents a picture of an operating room for cardiac 

surgery in the University Hospital of Leyden where most in

vestigations to be described in this thesis have been per

formed. The scattered presentation of the information can 

be seen clearly. Left of the top of the operating table 

stands the main monitoring rack. It presents waveforms of 

the electrocardiogram and three invasive b100dpressures on 

an analogue screen. Up to 6 derived variables such as 

heart-rate, systolic/mean/diastolic values and also tem

peratures can be presented by means of LED (light emitting 

diode) displays placed lower in the rack. This same set of 

14 Section 1.2 



waveforms and variables is also presented on a 51ave moni

tor positioned high at the far wall of the operating room 
(OR). At the left of the main monitoring rack an 8 channel 
strip chart recorder ha5 been positioned with the Cardiac 
output computer on top. The value of the cardiac output is 

presented on a small LED display and a small recorder is 

incorporated to show the thermodilution curve. Right of the 

top of the table a ventilator has been placed. The venti

lator is equipped with rather a diver5ity of controls, di

als and LED displaY5, the height of which is sometimes so 

minimal that kneeling i5 required. The top of the ventila
tor is used as a writing tableau. More equipment is placed 

on this side 5uch as a C02 analyzer, infusion pumps and the 
cart with drugs and bandages etc .. The positioning of the 
CPB apparatus is too far away to enable monitoring by the 
anesthesiologist. In short; in a situation which entails 

more risk for the patient than flying in an airplane the 
surveyability of the equipment is way beLow the standard of 

that in an airplane cockpit. 
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2. THE ANESTHESIOLOClST'S WORK IN THE OPERATING ROOM 

2.1. Introduction 

In th~s ohapter we will elaborate on a part of the 

knowledge whioh is required to determine whether and how 

the current concept of DADS should be improved to make DADS 

function as an optimal aid in monitoring by the 

anesthesiologist. 

In chapter 4 where the evaluation method is being 

described, it will be derived on which subjects this 

knowledge, necessary for detecting these problems, is re

quired. It will follow that the basic knowledge is of an 

organ~~ing character: 

how well is the layout of the operating room adjusted 

to the task of the anesthesiologist? 

how often are certain data used for decision making by 

the anesthesiologists? 

how much time does the anesthesiologist spend on 

specific tasks? 

how efficiently oan the monitoring and controlling 

function be performed? 

how often do certain mistakes (or near-mistakes) occur 

and how critical is such a mistake etc.? 

In this chapter we will elaborate mainly on the first 

four points mentioned above, The organization of the 

anesthesia management will be considered from various an

gles. This broad approach has the consequence that the 

character of the collected information is not of the type 

from which solutions can always be immediately obtained. It 

provides us with a framework in which the problems can be 

indicated. A next step is then to determine whether reali

zation of an improvement is possible and useful to DADS. 
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Then further research must be done to effectuate realiza

tion. As a consequenoe this chapter will lead to a number 

ot recommenctations tor improvements in the OR and the 

anesthesia management. Some ot these recommendations will 

be elaborated upon in later chapters. 

In section 2.2, tirst a global ctescription of the task 

of the anesthesiologist will be given. !n the subsequent 

sections the "framework-oriented knowledge" will be col

lected. In section 2.3 the various layouts of operating 

rooms will be considered. This will be followed by a sec

tion in which the tasK ot the anesthesiologist is con~ 

sidered trom the point of view the way his worK is 

organi~ed; the fluctuations and differences in workload for 

specific subtasks and interactions between the various 

tasks of the team members will be discussed. 

2.2. General task description 

In the course of cardiac surgery the patient is sub

mitted to a number of drastic medical interventions related 

to the three main SUrgical phases of any operation 

(fig.2.1); 

-creation of access to the area to be operated upon 

-the actual operation 

-restoration of the normal anatomy 

The most common cardiac surgery prooedures are: 

- Coronary bypass procedures in which one or more obstruc

tions in coronary arteries are bypassed by attaching grafts 

with one end to the root of the aorta and with the other 

end(s) distal to the obstruction. 

- Correction of congenital cardiac vitia. 

and 

- Replacement of valve~. 
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When we discuss in detail aspects of cardiac surgical pro

cedures they will refer to the coronary bypass procedures. 

To enable the execution of an operation, the state ot the 

pat~ent has to meet a nUmb~r of requirements. To bring, 

keep and reverse the patient in/from this patho

physiological state is the task of the anesthesiologist. 

Guidalines fOl;" patientcare in anesthesiology as amend-

ed by the House of Delegates in th€ us are given in an ASh 

newsletter (1985) • Dripps et al (l98:;l) d""scrib""d the task 

of the anesthesiologists during surgery as follows: 

"'rhe principal tasks ot the anesthesiologist are to provide 

relief from pain for patients during operation and optimal 

operative conditions for surgeons, both in the safest pos

sible manner. To do this the anesthesiologist must be a 

competent physician and a clinical pharmacologist, with a 

broad knowledge of surgery and the ability to utili~e and 

interpret correctly a variety of devices [for monitoring 

and maintenance ot vital functionsl"· 

The induction and maintenance of anesthesia requires the 

use of drugs which all result, in varying degrees, in the 

following: 
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-Narcosis (sleep) 
-Analgesia (pain suppression) 
-Amnesia (memory suppression) 
-Suppression of autonomic responses 
-Muscle relaxation 

All drugs are potentially toxio. Therefore the "art" of 

anesthesia is to balance on the edge of what is required 

and what can be considered as the minimum amount of drugs 

needed to realize sufficient narcosis, analgesia and am

nesia and loss of autonomic responses in the best interest 

of the patient, as well as providing sufficient muscle re

laxation and loss of autonomic responses to allow the work 

of the surgeon to proceed in an optimal way." Thus it is not 

the surgery alone which causes many disturbances of the vi

tal functions of the patient, the same applies for the 

anesthesia. Both speoialties have in common that though 

their goal is to improve the patients condition, they are a 

threat in themselves. 

An important example of one of the life threatening inter

ventions is the complete relaxation of the respiratory mus

cles, required to enable operation within the thoracical 

cavity. Re5piration has then to be taken care of by using a 

ventilator, the Control of which a150 belongs to the task 

of the anesthesiologist. 

A definition of monitoring can be found in Web5ter's Dic

tionary (1979): "Monitoring is to observe and watch for a 

special purpose". The special purpose in this case involves 

the continuous assessment of a pati~nt·s condition, with 

emphasis on detection of changes (Dripps et al 1982, p76). 

The task of the anesthesiologist can be presented in a con

trol loop (fig.2.2) which includes a perman@nt monitoring 

function. During monitoring, the anesthesiologist obtains 

information regarding the state of a patient via two 

routes: from 1) direct clinical observations (signs) and 2) 

equipment connected to the patient (signals). ~hi5 informa

tion is compared with the desired state of the patient and 
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Fig.2.2 The decision making of the anesthesiologist 
is based on directly and indirectly 
obtained data. 

it is decided whether (additional) medical interventions 

are necessary. 

For various surgical procedures the same clinical observa

tions are made. 

They include: 

skin color 
skin temperature 
pupil size 
perspiration 
lacrimation 
eye movements/small 
twitches in the face 
limb movements 
blood color 
urinary output 
fluid loss 
respiratory movements 

I 
I-->signs 
I 
I 

indicating depth of 
anesthesia 

Number and type of observations which are to be performed 
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on signals fro~ the applied equipment, depend strongly on 

the type of procedure and the state of the patient. Accord

ing to Saidman and smith (1934, p80): 

"The need for monitoring can be related to the predictabil

ity of the events associated with anesthesia and surgery. 

patients with preexisting diseases such as hypertension or 

coronary artery disease, especially those undergoing com

plex surgery involving major blood loss and replacement, 

behave in a very unpredictable ~anner. More complex and in~ 

vasive monitoring is then justified." 

In the following we will give a short explanation of 

the main, indirectly obtained signals which are monitored 

during cardiac surgery (fig 2.3) with respect to their 

current use in the OR. 

The Electrocardiogram (ECG); 

The electrical activity of the heart is reflected in the 

ECG. The ECG is presented as an analogue waveform on a 

screen. The ECG is a quasi periodical signal. During car

diac surgery the ECG is measured generally by means of 4 

electrodes attached at positions depending on the character 

of the operation and the wish to observe specific changes 

of interest. An example is, that it is deemed important 

that a shift in the ST-segment is detected early because it 

may indicate ischaemia of the myocard. A review of the pos

sible changes in the rythm of the ECG is presented by 

Meijler et al (1975). The Heart-rate (HR) is the number of 

p@riods per minute as derived from the ECG and is presented 

in numeric fol:'lll. 

The HR is watched closely to detect: 

- bradycardia (which can be caused by too strong a reaction 
to the anesthetics for instance at induction); 

- tachyoardia (which can be caused by stress and pain 
reactions for instance at sternotomy, mediastinal 
dissection etc.) 
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Fig.2.3 The catheters anct electrodes attached to 
the body are shown. The EEG is not (yet?) a 
standard measurement during cardiac surgery. (From 
Gerson GR ed (1991), Monitoring during anesthesia. 
By permission of Little, Brown and comp.) 

- pacemaker functioning of the sinus nocte 

- and of course to prevent cardiac arrest. 

HR and BCG waveform are observed to detect the incidence of 

ventricular extrasystoles, which may prececte ventricular 

tachycardia sometimes leading to ventricular fibrillation. 

Furthermore the BcG is watched closely before and during 

cardioplegia, While going on bypass and while reactivating 

the heart at weaning from bypass, 
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Arterial Pressure (PART): 

One of the main regulatory mechanism of the cardiovascular 

system is to maintain systemic arterial pressure within a 

tightly constrained range (Saidman and Smith 1984, p81). 

Therefore, it is sensible to use changes in the arterial 

pressure as a means of monitoring circulation. 

PART is measured by means of an invasive catheter mostly 

located in one of the radial arteries. The analogue 

waveform is presented and used initially to judge the reli

ability of the recorded signal. 

When the signal is judged to be correct, parameters of 

the signal can be reliably derived. 

The systolic arterial pressure (PSYS) is presented in digi

tal form and monitored mainly to detect stress/pain and a 

possible increase of systemic vascu1ar resistance. Multi

plied by HR it is sometimes used as an indication of myo

cardial oxygen consumption although this is also influenced 

by many more factors sUCh as contractility and ventricular 

wall tension. The diastolic arterial pressure (PDIA) is 

used to provide some kind of a check on the adequacy of 

myocardial perfusion. 

The mean arterial pressure (MAP) is computed from the PART 

waveform. MAP reflects the driving pressure pushing blood 

into the system. Invasively measured, the MAF is less sen

sitive to artifacts of the measuring system than PSYS 

(Gravenstein and Paulus 1982, p44). The slope of the 

upstroke of the PART waveform is oonsidered as an indica

tion for the contractility of the heart. In Ream (l~32, 

pI5S,157) exact and elaborate information may be found re

garding the use of a oombination of several haemodynamio 

variables for the control of physiological behavior under 

clinical conditions. 
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Central Venous Pressure (CVP) and 

Pulmonary Arterial Pre~~ure (PAP): 

The Central Venous Pressure i~ mea~ured by means of a 

catheter in the jugUlar vein with it~ tip po~ition8d in or 

near the right atrium. If the waveform i~ correct, the 

derived Mean central Venous Pre~sure (MCVP) is used as a 

measure of Right Ventricular filling pressure. 

If medically indicated, that is when right heart signals do 

not give enough information about left heart functioning a 

~o called Swan-Gan~ catheter is applied. This catheter is 

introduced through the jugular or another vein. By means of 

a small balloon at the tip of the catheter it can be float

ed into the pulmonary artery. By the sensor at the tip of 

this catheter the pulmonary artery pressure (~AP) can ~e 

measured continuously. A number of times dUring a cardiac 

procedure the balloon at the tip of the catheter can be in

sufflated. In this way, a branch of the pulmonal artery can 

be occluded and Pulmonary Arterial Wedge Pressure (PAWP) 

is measured. This PAWP is used as an e~timation for the 

Left Ventricular End Diastolic Pre~sure (LVEDP). This is 

possible because there are no valve~ between the pulmonary 

artery and the left atrium and because of the anatomy of 

the pulmonary vasoular bed. 

Cardiac Output (CO): 

Through an additional entrance port in the Swan-Ganz 

catheter a cold solution can be injected to determine the 

Cardiac output (CO) by means of the thermodilution method 

(van dar Werf 1965); this measurement i~ u~ually performed 

4 times during a procedure but, because the measurement has 

a low reproducibility due to influences of, amongst other 

things respiration (stet~ et al 1982), the average of three 

actual mea~urements is needed each time. 

The CO is used to check the overall functioning of the 

heart. Besides it i~ u~ed to resolve doubts as to whether 
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a low PART is caused by a low CO or by vasodilation etc .. 

Based on CO and other ~vailable data a whole range of 

derived variables oan be oomputed such as the systemic vas

cular resistance (SVR~(MAP-MCVP)/CO). 

A useful "decision" table regarding inferences which can be 

made from CVP and CO with respect to effective blood volume 

is given by Gravenstein and Paulus (1982, p130). Fogdall 

(1982, p465,467) presents a decision table regarding the 

oorrection of a loW CO and of a high co in combination with 

the state of the MAP. 

Core and skin Temperature (TCORE and TSKIN); 
Tcore is generally measured in the nasopharynx and Tskin at 

the toe. In the absence of the means to determine CO their 

difference is sometimes used to assess the adequacy of 

peripheral perfusion. 

Furthermore their difference is important for checking the 

oooling and rewarming processes inherent to the bypass 

period. During bypass ~skin will be higher th~n Tcore be

caUSe cooling takes place from the center of the patient. 

Ventilation signals (VENT): 

The type of ventilator applied, determines whioh are the 

parameters to be either adjusted (inputs) or measured at 

the ventilator (outputs). Most important are the volume of 

gas expired per minute (MIVOL), the Respiratory Rate 

(RRATEl, the maximal inspiratory pressure (PRMX) and of 

cOUrse the settings of inspired 02 and NzO. 

Capnogram (C02 ): 

CO2 is usually sampled through a catheter that is inserted 

into the anesthesia circuit close to the patient's mouth 

(Gravenstein anct Faulus 1982, p159). Feters (1979) formu

lates the advantages of the CO2 measurement as follows: "A 

monitor that can track in real time the concentration of 

CO2 in the in- and expired air [permits], as no other sig~ 

Section 2.2 25 



nal can, the [supervision] of both the ventilatory and the 

metabolic systems. !n addition, in patients with normal 

pulmonary function, the end-expired PC02 is a reflection of 

the arterial PC02 and thus of adequacy of cell respira

tion". The capnogram is monitored to detect a disconnected 

ventilator, problems with oxygenation when inspired 02 is 

not measured, pulmonary embolization, hyperventilation or 

hypoventilation (e.g. by obstruction in airway), but also 

abnormal blood flow in the lung. 

In an atlas composed by Smalhout and Kalenda (1975) many 

possible changes in the capnogram with their causes are 

described. Ream (1982, p468,469) gives decision tables for 

respiratory management of arterial P02 and PC02 and of bi

carbonate. 

Discussion: 

The adequacy of decision making depends, primarily, on the 

concepts and quality of the (signal) monitoring. 

When considering the monitoring task (with respect to the 

signals) frOm a medical viewpoint, the following problems 

may occur; 

-The quality of the signal is not sufficient. For blood

pressures this may be due either to problems with the in~ 

troduction of a catheter, or to clotting during the pro

cedure, or to a slight shift in the position of the 

catheter causing it to lie against the wall at the Vessel. 

Also the transfer characteristics of a catheter may be af

fected adversely by tiny air bubbles in the line, causing 

damping of the waveform. In all these cases the signal can 

not be trusted and what is worse it may even remain unno

ticed that the signal quality is insufficient (Plasman 

(l98l), de seer (l984), v Rijswijk (1986)). 

-An insufficient quality of ECG and temperature signals is 

~uite often caused by ill connected electrodes/sensors. 
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Besides, the quality of the ECG may be strongly impaired by 

the electro cautery ~ign~l. Periodic v~riations such ~s 

from respir~tion may influence the reproducibility of 

values such as cardiac output and diastolic pulmonary pres

sure (~elderman et al 1980). 

-The efficacy of monitoring also depends on the par~meters 

included in the monitoring. The risk for the p~tient of an 

additional monitoring device (catheter) should ~lways be 

weighed against the ~ddition~l v~lue for the quality of 

monitoring. For example the decision to use the Swan-Ganz 

catheter should always be taken with gr~at car~ (Kaplan 

1983) • 

-Another indistinctness concerns the subject of derived 

variables. There is a neVer ending discussion about the ad

ditional value/redundancy of v~riables. One example is, 

when systolic and diastolic pressures are determined, wh~t 

is the contribution of the mean arterial pressure? 

-An additional problem area is the continuous stream of 

"new" I?arameters which can be measured in the oper~ting 

room. These include, at the moment, the Electroencephalo

gram and its derived parameters, Transcutaneous or Invasive 

measurement of Oxygen Saturation, the Electromyogram and 

new Plethysmographic techniques. 

In most cases the problems mentioned above are recogni~ed 

and are made the subject of investigation by anesthesiolo

gists. In this thesis we will not tackle these I?roblems but 

consider the organi~ation of information presentation and 

transfer in the OR as far as it concerns the work of the 

anesthesiologist. 
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2.3. The operating room layout, equipment and information 

presentation 

In this section layout, equipment and information 

presentation in some operating rooms for cardiac surgery 

will be discussed. 

possible indications for necessary improvements in DADS 

should not only be found in the current functioning and fa

cilities of OhOS itself put the operating room as a whole 

should be investigated to come to a revision of DADS with 

respect to information presentation, transfer and control. 

Besides, it is important to ensure that DADS is not being 

adjusted to the situation in only one particular operating 

room ~ut is designed to be generally applicable. 

To get an idea of the differences and resemblances of 

operating rooms, We studied the monitoring situation in 7 

operating rooms which we were able to visit (fig 2.4). In 

most operating rooms the equipment is similarly arranged: 

1 in the center the operating table 

2 at the side of the operating table (sometimes straight 
sometimes awry) leaving room for the surgeons, the 
cardia-pulmonary bypass apparatus. 

3 directly to the left or the right from the head of the 
operating table the ventilator and the anesthesia 
delivery machine. 

4 directly near the head of the patient the transducers for 
invasive bloodpressure measurement. The leads originating 
from these transducers are attached to a rack for 
monitoring of haemodynamic variables, temperatures and 
ECG, which is positioned near the anesthesiologist. 
Signals from this rack are sometimes transmitted to a 
recorder. 

5 Drip infusions slightly aside and above the head of the 
table; infusion pumps in most cases at a distance less 
than one meter. 

6 The cautery apparatus and the defibrillator to be used by 
the surgeons have various locations. 

7 Additional (special) equipment. 
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8 The cart, positioned 
anesthesiologist. 

within 
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Fig.2.4 The figure presents drafts which have been roade of 
7 operating rooms to illustrate the non-uniformity and 
non-integration in the set up of the equipment. An expla
natory list for the symbols used in the drafts has been in
cluded. The figure is continued on the next page. 
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The observed deviations from the general layout which 

was sketched above with the eight points were on the fol

lowing: 

ad 3 

The ventilator is accommodated to take care of the 
delivery of gases and volatiles (OK5,6,7). 

the ventilator and the anesthesia delivery apparatus are 
spatially separated (OK3). 

ad 4 

The central monitoring rack 
analogue signals (waveforms) 
only the waveforms (OKl). 

does not present both 
and digital values, but 

The central monitoring rack includes trend plotting and 
is provided with an alarm algorithm which is (meant) to 
be more sophisticated than the common static alarm 
system (OK5). 

There is no multi-channel recorder (OK4). The recorder 
is not incorporated in the monitoring rack (OK3,5), or 
is positioned outside the OR (OKS). 

There is no slave to the central monitor (OKl,3), thus 
the positioning of the central monitor is (must be) such 
that it can be seen by the whole team. 

The slave is fixed near the pump technicians 
monitoring rack is placed a little 
anesthesiologists (OKl,2,3). 

(OK2) • 
behind 

The 
the 

The CO computer is incorporated 
monitoring rack (OKl,6). 

in the central 

ad 7 
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Bloodgas values and elektrolytes are automatically 
presented on a terminal or printer in the OR (OKl,7). 

Inspired and expired gas concentrations are being 
measured continuously by means of a massspectroroeter 
positioned outside the operating room; results are 
presented in the operating room on a special monitor. 
(OR2,3) • 

Special displays 
combinations of 
formats (OR6,7). 
for computation 
or tor additional 

are available for presentation of 
variables by means of alternative 

Additional facilities are available 
of specific derived variables (OK6,7), 
higher level alarming (OK6). 
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A plotter is available for the generation of an 
automated anesthesia record (O~3,6). 

Wh@n we consider the operating rooms with their equip

ment set-ups as described above and with their respective 

layouts, we observe the following aspects as being posi

tive: 

All facilities as mentioned Under point seven are use

ful. In ract it should become standard practice that blood

gas values and electrolytes are transmitted and presented 

in the operating room on a terminal or printer without ac

tions being required from the staff in the operating room. 

~n advantage of determining in- and expired gas concentra

tions by means of a mass spectrometer is that especially the 

inspired concentration is known with a greater precision 

and that practically continuous (trend) monitoring is pos

sible (Sodal and Swanson 1980). This enhances the speedy 

recognition of changes. A cheaper and also adequate solu

tion for analyzing the gas components could be the use of 

separate infra-red devices. 

Automatic generation or an anesthesia record considerably 

reduces the workload of the anesthesiologist and improves 

the accuracy of the reOord (sect 2.4 and chapter 7) . 

Centralized and comprehensive presentation of data on a 

single display instead of on distributed displays may also 

enhance decision making (chapters 3 and 5). 

Apa~t from these items unde~ point 7, the surveyable semi

circular arrangement of eqUipment as in OK3 constitut@s a 

positive attempt at integration. Howeve~, it has the disad

vantage that most of the equipment is positioned behind the 

anesthesiologist. This disadvantage is resolved in OKl with 

an additional nu~se entrusted with the scanning or the mon

itoring rack. 

A potentially dangerous situation - the possibility of th@ 

anesthesiologist tripping over badly arranged transducer 
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leads cluttering his workspace - was provisionally solved 

in OK2 by bundling the leads in a flexible plastio tube. 

In OK7 the confusion which often ooours with respect to 

which transduoer(port) belong5 to whioh catheter is oDviat

ed by applying a color code to transducer ports and leads. 

OK3 is part of a very advanced projeot of central hospital 

automation. A 50 called Anesthesia Information and Manage

ment System (AIMS) is being developed (Frazier 1985 

priv.comm.). This system bridges the gap between the admin

istrative network within the hospital and the medical 

departments. Medical data on every procedure whioh the pa

tient undergoes, is entered into a oomputer. Any previously 

stored information of interest for an ongoing procedure oan 

be retrieved. 

A more sophisticated alarm algorithm as applied in OK5 and 

OK6 may be an (as yet to be tested) improvement over the 

common ways of alarm generation in the operating rooms 

which are mostly audible alarms triggered by exceeding the 

static limits. 

Concluding: 

Though practically the same variables are monitored 

and controlled in the various ORis, this uniformity does 

not hold for the equipment and its positioning in relation 

to these tasks. 

As yet, only on an individualistic basis, positive new ac

quisitions such as trend presentation, mass5pectrometers 

and automated transfer of lab data are applied. Less 

surprising, this is also true for more experimental facili

ties such as sophisticated alarms and automated recordkeep

ing. Above, we used the differences between the ORjs to 

determine both weak points and recommendable positive 

points in the layout of the OR's. Points suitable for im

plementation in systems like DADS will be elaborated upon 
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later. 

2.4. Flowcharting ane$thesia 

Apart from the considerations above, an analysi$ of 

the organization of the task of the anesthesiologist in the 

operating room may provide us with further starting points 

for improvement. conspicuous aspects of the functioning 

are; the necessary interaction with so many other team 

members and the fluctuation in workload. With respect to 

the latter, moments Of "centipede" action and episodes of 

boredom interchange. With respect to the first, a team with 

about 11 members has to cooperate during a cardiac surgical 

procedure (fig. 2.5). 

Fig.2.5 The considerable staff required at a 
cardiac surgical procedure is a complicating factor 
for the task performance of the anesthesiologist. 

Such a team usually consists of two surgeons. A third sur

geon is in attendance during bypass operations with the 
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task of preparing vessels from the leg, which have to be 

used as grafts. A surgical nurse has the task of assisting 

with the operation and passing the instruments. A number ot 

nurses are in attendance to supply the sterile implements, 

to weigh the soaked surgical sponges and to fill in the 

surgical record. The cardio~pulmonary bypass apparatus is, 

in most cases, manned by two pump technicians. Anesthesia 

is mostly administered by one anesthesiologist assisted by 

an anesthetic nurse. Sometimes a second anesthesiologist is 

in attendance. outside the operating room a technician is 

on stand-by in case of technical problems. The extensive

ness of such a team asks for advanced interaction facili

ties. But until now not much attention has been given to 

this subject. 

In order to study the division of the time spent by 

the anesthesiologist, we refer to two papers in which 

anesthesia management was recorded by means of video cam

eras. The actions were classified and the time spent on 

Bach subtask was determined by counting the frames dedicat

ed to the various tasks (Kennedy et al 1976, Boquet et al 

1930) • 
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Table 2.1 

The 9 activity codes for the 
according to Kennedy et al (1976) 
the Int. Anesth. Research Soc. 

anesthesia management 
Permission granted by 

SymbqJ D~.s.cripl: icm ALr.~n'li6n* 

ACt Adjust. or (:.1L:i.br.9.toE! lnstrufil.oE!f1t (reapir.ator. 
hc.1.l:ing bl.mkct , IV) T & A 

All 

DT 

LDG 

MAl) 

OIS 

or 

pp 

SA 

D .. H,:]: tI";:;:n~fcT : ~nor:':~l;:h~t~~t ('.OI!lJlll)~'i..l;',;:;;t.eS 

ot' ,g.es.tu.res to aI"Loth~r per60t.. 

LOp; d..:tt~ 01;1 .;:;:n(':~th(':t;.~ 'J;'(':(':Q'f'd. 

c:>r t"E'a.j chart 

Mi.x Ok' administer drugs 

Obs€rv€ osc:l.llos~Q'P'€' or 
other mOnitOr' 

Ob:S€TV€ patient Cskin color. 
surg,H:.a.l f1eold ~ etc.) 

Prepare patient (pla<e BeG 
Lead ... , BP, tr,an:liduc.cf"!\i, etc..) 

SC.=!tl. ·at'-ea (.a.ttetlt ion not 
dircc.tcd to ;:1ny in~trumcnl:~ QT 

display but 6c:anning entire field) 

A 

A 

A 

T 

T 

T 

T 

:011"'[11 1nd1cates that th.e: anesthetist's B.tte~t:i.on is directed toward the patient-surgi-c.al 
field. "Au indiC:;lte,:; that the ;:me~;th~ti~;l'~; ;].Ltentic:m i!j dit"cc:ted ~ €t"I;lm t.h~ p..iti~t'1I:

surgical field, 

Kennedy et al (1976) applied this method during three 

coronary bypas5 procedures with a duration of 6,8 and 9 

hours. (Currently the average duration of bypass procedures 

is shorter. However, this does not seem to influence 

markedly the relative time division.) 

divided in 9 subtasks (table 2.1) 

fixed at 2 seconds. They give, per 
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The management was 

and frame-length was 

procedure, the time 

37 



spent in man-minutes on every subtask. For one operation 

they also present per subtask, the chronological fluctua

tions in workload (fig. 2.6). 

BYPASS POST -BYPASS , 

ELAPSED TIME (HOURS) 

Fig.2.6 The figure is an illustration of the 
chronological workload of the anesthesiologist. 
Man-minutes expended during lS-minute per:Lods on 9 
activities during one procedure are given. Note at 
induction the peaks in Prepare Patient, Mix and 
Administer Drugs and Adjust and Calibrate 
Instruments. Note the increase in activity at going 
from bypass and against the end of the procedure. 
From Kennedy et al (1976). Permission granted by 
the Int. Anesth. Research Soc .. 

Boquet et al (1980) analyzed 15 general (non cardiac) 

surgical procedures by means of separate filming of manual 

and visual activities (framelength 0.5 sec). The aim of 
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this study was to design a new anesthesia delivery machine 

according to human engineering concepts. Therefore they ap~ 

plied a subdivision corresponding at most points with the 

various pieces of equipment. This subdivision is not equal 

to the task division as used by Kennedy et al (l976). 

To be able to make comparisons between the workload as 

determined in the two studies, the subdivision as applied 

by Boquet has been converted to the sUbdivision by Kennedy 

and manual and visual activities were taken together. The 

resulting workload histogram is given in figure 2.7. 

It is obvious that differences between the, bypass (left) 

and general (right) procedures exist. During cardiac sur

gery more time has to be spent on certain subtasks (nrs 

2,3,4,5(6) than during general procedures. on the other 

hand much less time is spent on, or even available for, the 

Scan Area task (nr 9) (17 va 49%). This confirms the gen~ 

eral impression that cardiac anesthesia procedures are more 

work intensive. 
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DT - DATA TRANSFER OP - OBSERVE PATIENT 
LDC - LOG DATA SA - SCAN AREA 

Fig.2_7 In this figure the only available 
quantitative material on anesthesia workload is 
presented. The time spent in per~entages man
minutes on nine subtasks is plotted for cardiac 
surgical procedures (left columns) (after Kennedy 
et al 1976) and for general procedures (right 
columns) (after Boquet et al 1980). 

This is due to the following: 

contrary to the mostly non-invasive techniques as used for 

general prooedures, quite a few ~atheters and sensors have 

to be applied for cardiac surgery_ The introduction of the 

SWan Gan~ oatheter is especially time-consuming (prepare 

Patient) • 

Bloodgas values and electrolytes are measured rather fre

quently during cardiac surgery and have to be recorded to

gether with the repeated observations from a considerable 
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number of monitors and of clinical signs (Log Data on 

Chart). 

Apart from the medications applied for induction, cardiac 

anesthesia requires many more medications. These include 

anesthetics to be administered just in advance of stress 

arousing interventions such as sternotomy, intubation and 

the introduction of cannula's. Furthermore, often continu

ous control of bloodpressures is required with vasa-active 

drugs and/or fluids and of the cardiac output by means of 

inotropic drugs (Mix and Administer Drugs). 

The positioning of infusion pumps may require additional 

time apart from the sorting and clearing activities at the 

cart (Arrange Eguipment). 

A clear example of the necessary interaction between the 

surgeon and the anesthesiologist is the often trivial dis

cussion regarding the positioning of the table; tilting may 

be required in order to facilitate the work of the surgeon. 

Furthermore interaction takes place between the 

anesthesiologist and the pump technician regarding the 

drugs to be administered during perfusion (Data Transfer). 

During cardiac surgery relatively less time is spent on the 

observation of monitors. Apart from the heavier workload in 

other subtasks this may be due to the period during which 

the aorta is clamped (duration about 40 min). During this 

period the metabolic state of the patient is quite stable 

(hypothermia) and more area scanning takes place or delayed 

tasks such as data logging are caught up with. It is es

timated that there are 5 periods during which the monitors 

are very intensively observed {priv comm v Wezel 19S6} 

(table 2.2) (Observe Monitors) • 
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Table 2.2 

phases and duration of 
intensiv€ signal monitoring. 

catheterization 5 min 
induction 10 min 
incisionS 
sternotomy 20 min 
cannulation 5 min 
weaning from 
bypass 30 min 

Following these general remarks we will elaborate on 

the suitability of the different subtasks for automation. 

The tasks 2,5,6 from figure 2.7 all require manual ac

tivities from the anesthesiologist. To automate parts of 

these we enter the field of automated control which is 

beyond the scope of this thesis. 

The tasks which remain to be investigated with respect 

to their suitability for automation are: 

ACI Adjust instruments and controls: 

Not only the information presentation in the OR'S is 

too decentralized but also the handling of the equipment 

has not been organized efficiently (Chapter 1). In chapter 

6 it will be shown that by integrating the arrangement of 

equiprn€nt, an improvement can be realized. 

DT Data transfer: 

An important global task which is interwoven with the 

whole surgical procedure is the maintenance of the depth of 

anesthesia and the regulation of the circulation. During 

cardiac bypass surgery an additional special procedure is 

required. 
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There is a period during which surgical manipulations are 

performed on the heart itself and the pumping activity of 

the heart is suppressed. ~o this end the cardio-pulmonary 

bypass apparatus (or heart lUng maohine) is applied (fig 

2.8). By means of two cannula's, deoxygenated blood is 

drained from the Vena cava Buperior and inferior. Next the 

I'lJmr ~H'",~m 

\;.,.~~ 

Fig.2.8 A schematic of a cardio-pulmonary Bypass 
apparatus. ~he parameters controlled and presented 
on this apparatus are of importance for monitoring 
by the anesthesiologist. (From Dripps et al 1972, 
Permission granted by WB Saunders, Philadelphia). 
Note the following: - gravity drainage from venae 
cavae to oxygenator; - heat exchanger with entrance 
and exit ports for water; - separate sources for 
oxygen and carbon dioxide; - left ventricular sump 
for decompression of left ventricle via right 
superior pulmonary vein with return of blood to 
oxygenator via cardiotomy reservoir; and - arterial 
filter bypass in the event of filter obstruction. 
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blood is oxygenated in the machine and is sUbsequently re

turned to the body via a third cannula which is placed in 

the aorta or a femoral artery. In this way the oxygen sup

ply to the body is maintained even after the heart is 

stopped. The heart is stopped by cooling the circulating 

blood in the CPB apparatus and by injecting a cardioplegic 

liquid in the coronary arteries. 

During the period rrom start to stop bypass, not only 

circulation and oxygenation but also the administration of 

drugs and the sampling of blood for determination of blood

gas values and electrolytes are regulated from the CPB ap

paratus. However, the responsibility of the anesthesiolo

gist with respect to these actions is maintained. This 

results in a rather long period (1 a l.5 h) during which 

the anesthesiologist and the pump technician have shared 

responsibilities. As a result, interaction (data transfer) 

between anesthesiologist and pump technician is necessary 

and frequent. Apart from the haemodynamic signals as meas

ured at the patient and displayed at slave and master moni

tors, during bypass the pump technician is supplied with 

additional information from the CPB apparatus. These vari

ables are mentioned below and their value for the 

anesthesiologist is indicated with + and - signs. 

Flow overall, 
+ Comparable to CO, the amount of blood circulating the 
body per minute. 

Master-slave settings of rotor pumps, 
Master setting is sometimes adjusted at the request of 

the surgeon when he needs lower flow to operate or to 
identify anatomic details. 

Height of the cardiotomy apparatus, 
~- The level of the cardiotomy apparatus is used to adjust 
the filling pressures of the PQtient. 

Line pressure, 
+- A measure for the pressure with which the blood has to 
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b~idge the distance between the heart lung machine and the 
body. Sometimes important to detect kinking of a cannula. 

Shim pressure and O2 Flow in, 
- Increasing shim pressure means increased contact of the 
02 flow with the blood. Shim pressure and 0, flow, together 
determine the oxygen supply to the blood. The 
anesthesiologists are more interested in the resulting 
oxygenation as determined from bloodgas values. 

C02ex , 
+ During bypass the pulsatile behavior of the capnogram 
such as normally measured near the mouth of the patient 
disappears. At the venous side of the oxygenator a non
pulsatile co level can now be used as a measure for 
ventilation afld metabolism. 

Bubbles, 
Exclusive responsibility of the pump technicians. 

Filter pressures, 
Idem, these are important for detecting clotting 

and/or a pinched cannula. 

Temperature of cooling water, 
+ Important for speed of cooling and rewarming. 

The setting of vaporizers for the administration of 
volatiles and the setting of infusion pumps for the 
administration of vaso-active drugs. 
+ Medications influencing depth of anesthesia and 
circulation are the responsibility of the anesthesiologist. 

Remaining administered medications such 
antibiotics, intravenous anesthetics. 
+ Idem 

Start and stop of cardioplegia 

as 

+ Of interest with respect to heart activity. 

heparin, 

During bypass the so called Activated Clotting Time of the 
blood must be very long (more than 1000) in order to 
prevent clotting of the blood in cannula's and filters. 
This value is determined in a small appliance positioned 
near the anestn$siologi~t; depending on its value heparin 
has to be supplied by the pump technician. 
+ of interest for the pump technician with regard to 
heparinization. 
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In short, the greater part of this information is ~ore 

or less of importance for monitoring by both the pump tech

nician and the anesthesiologist. However, the anesthesiolo

gist in particular does not have these parameters continu

ously at his disposal, a shortcoming which is met by verbal 

transfer of ~essages between pump technician and 

anesthesiologist. This may easily lead to mistakes or omis

sions. With respect to the data transfer task a consider

able i~provement may be effected by means of automation. 

Auto~ated read out of the variables fro~ the heart lung 

machine springs to mind. In this wayan organized display 

of these variables in the operating room becomes possible. 

A display facility for these variables near the 

anesthesiologist may be eKtended with the means for the ex-

change of guantitative (COded) messages 

anesthesiologist and the pump technician. 

LDC Log data on chart : 

between the 

The logging of patient data in a so called anesthesia 

record consumes about l~% of the time of the anesthesiolo

gist. This means that f·or an operation of- 5 hours, 35 

minutes are spent on writing. Writing itself is clearly a 

task where attention is diVerted away from the patient. On 

the other hand it can be stated that writing down a value 

requires, initially an observation which subseguently 

enhances attention for the patient (Noel 1986). 

In most cases, the quality of the written record is rather 

poor and could benefit from automation. There may be other 

ways to keep attention focused on the patient. The useful

ness of an automated anesthesia record was confirmed in 

many different ways and DADS (chapter 3) is suitable for 

the generation of such a record because of its data storage 

and retrieval capacity. Therefore it was decided to extend 

the DADS with such a facility (chapter 7). 
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oIS observe instruments ~nd monitors 

The presentation of data in the OR's is not suffi

ciently organized (see section 2.4). Besides, there is a 

lack of enhanced monitoring facilities such as trend 

presentation, sophisticated alarms and computation of 

derived variables. For many of these problems, solutions 

are provided by DADS (chapter 3). 

SA Scan area : 

Even though "only" l7% of thl;! time is left for the 

scanning of the area, it is acknowll;!dged that the level of 

boredom can be considerable. When employing automation to 

improve the efficiEncy of the tasks of the anesthesiologist 

it is recommendable to reduce, as much as possible, the 

causes of boredom which may lead to a decrease in vigilance 

(Branton 1980). An almost indispensable means of estimating 

the sensitivity of a patient for the surgical manipulations 

and the administered drugs is the presentation of trends. 

Automation enables the anesthesiologist to create trend 

plots at choice, A qUiet period is most suitable for doing 

this and in the mean time it enhances vigilanc@i (missed) 

signal changES can still be recognized (chapter 3). 

Above we have considered the various subtasks of the 

anesthesiologist with respect to their suitability and use

fulness for automation as if they are independent. Howev

er, the state of the patient depends on medical interven

tions which may be performed by surgeons, anesthesiologists 

and pump teChnicians thus also the interdependehc~ should 

be taken into consideration. To obtain an idea of the char

acter and number of interventions and their dependence on 

time and person, an aotivity/flowchart of the anesthesia 

management was composed (Appendix 2.A). In this scheme the 
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anesthesia management takes the central position. Actions 

of the anesthesiologists, such as monitoring and adminis

tering drugs are plotted against a global time scale. Many 

actions of the anesthesiologist are induced by preceding or 

sUbsequent actions of the surgeons. Therefore these are 

placed in the first column of the sch@m@. Furthermore the 

activities of the pump technicians and anesthetic nurse 

have been included. 

When, in the category monitoring, signals are mentioned for 

the first time, this means that their monitoring has begun 

at that point. Subsequent reference means that the specific 

signal has been observed with special attentiveness. The 

main reason for which they are observed is also given. 

From this activity chart we can derive the list of 

standard events as occurring during a procedure (Appendix 

2.B). Furthermore we can see that there are actions of the 

anesthesiologist which occur only once (when everything 

proceeds smoothly) such as intUbation and sternotomy. And 

there are actions which are performed repeatedly as the 

determination of the Activated Clotting Time (ACT) (appr. 8 

times), co determination (4*3 times), bloodsampling (appr. 

7 times), ventilator adjustment ( at least 5 times), read

ing of urinary output (3 times). There are also actions 

which consist of a sequence of smaller handlings such as 

preparing patient for bed, clearing cart etc. 

The following remarks as to the efficiency of actions in 

the activity chart oan be made; 

Again a rather trivial problem is the determination of 

the urine production. Normally this must be done in three 

phases; before, towards the end and well after bypass. How

ever, it appears that the chance of an omission is consid

erable and it would be an improvement to automate the 

necessary actions. 
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A more oomplex problem is formed by the ergonomio pro

perties of the ventilators. For instance in OK 6 the ad

justment of the volatile agents knob on the vaporizer gives 

easily rise to mistakes. On and off settings oan be mixed 

up and also the adjustment of 02/N20 mixtures may cause er

rors. This supports the opinion that the only exact moni

toring of these settings is provided by the application of 

a massspectrometer or several other gas analyzers. 

~he monitoring of drip infusions is susceptible for 

improvement. 

The computation of settings from infusion pumps from 

mg/kgjh to ml/h and the computation of derived variables 

from, for instance the CO, is a recurrent necessity even 

when time is not available to perform these calculations. 

computers are the solution for a problem like this. 

3.5. Conclusions 

By studying the organization of information presenta

tion and transfer with respect to anesthesia management, a 

number of shortoomings have been revealed. Though some of 

them may appear to be rather trivial, it is just the con

currency of theSe awkward items which may well give and 

indeed do give rise to adverse incidents (Chapter S). 

Therefore, it is useful to apply the possibilities of auto

mation in such a way that mOre practical order and struc

ture in anesthesia management will be the result. The 

points on which improvements are recommended are summari~ed 

below and the way in which they were detected is indicated 

(OK~layouts, HIS=histogram sUbtasks, FLOW=activity chart): 

In- and expired gases should be determined with a mass 

spectrometer (or more simple with analyzers providing about 

the same information) and presented in a centrali~ed 

fashion. OK 
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Values of b100dgases and electrolytes should automatically 

be transferred to the operatinq room and presented central

ly. OK 

signal transfer from patient to front end equipment should 

be improved. One or zero cable transmission should be 

striven for (van der Vorst 1985). OK 

Attuning, more uniformity and possibly integration of the 

anesthesia equipment should be obtained. (Chapter 6) OK 

Centrali~ed acquisition and easily surveyable display of 

all the currently presented patient signals should be real

ized. (Chapter 3) OK 

It should be possible to couple DADS to the Hospital Infor

mation system, 50 that easy transfer of patient data from 

one system to another is possible. OK 

Automated presentation of ventilator, perfusor and other 

settings on the data display equipment shoUld be inCluded 

in centralized information presentation. (partly Chapter 3) 

FLOW 

centralized alarms/shopping lists for all parameters, in

cluding empty infusion bottles (Downing 1983) and pumps 

should be provided for. (partly Chapter 3) FLOW 

Automated urine output determination would be useful (Shu

bin 1971). FLOW 

Apart from centralized information presentation also cen

tralized equipment control is necessary. (Chapter 6) OK 
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An automated anesthesia record would be a useful facility. 

(Chapter 7) HIS 

Automated read out of parameters at the heart lung maohine, 

enabling their surveyable presentation visible for both the 

pump teohnician and the anesthesiologist would complete the 

variables which are to be monitored by the anesthesiolo

gist. Possibly, a means for (coded) message interaction 

between these team members could be added. HIS 

In close discussions with the anesthesiologists we 

developed the DADS to be described in the next chapter. The 

goal was to reali~e a solution for one of the problems men

tioned above, namely centralized aoquisition and surveyable 

display of all the currently presented patient signals and 

al50 solve part of one other problem namely the alarming. 

In developing DADS it was clear that there are many more 

problems in the OR'5 which may be solved by automation. In 

this chapter quite a few have been determined. Others will 

follow in the subsequent chapters. 
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3 • THE DATA ACQUISI'l'ION AND DISPLAY SYSTEM (DADS) 

3.1. lntroduction 

In the previous 

chapter a framework has 

peen sketched of factors 

whioh may lead to ad-

verse inoidents 

anesthesia. Some 

in 

or 

these faotors referred 

to information process

ing and transfer. The 

DADS described in this 

chapter was developed to 

improve matters in this 

respeot (fig.3.l). 

:::~.:~~ 

1,'~'~......:.!!iL.· 
Fig.3.1 DADS is meant to prevent 
the anesthesiologist from drawn
ing in a swamp of data. 

DADS is an intermediate station in a philosophy with 

regard to automation in anesthesia, as developed by Beneken 

and Blom (1983). 

This philosophy can be illustrated by means of the so

called Magical Monitoring Matrix (fig 3.2). In this Matrix 

it is indicated what degree of signal prooessing and what 

kind of data presentation is deemed necessary in relation 

to the number of signals included in monitoring. 

In the first row the number of signals which may be moni

tored is indioated. During cardiac anesthesia this number 

may indeed be considerable (section 2.2). In the first 

column the different signal processing methods are given in 

order of increasing complexity. Each is meant to enable 

alarming for undesirable signal ohanges; the "ul timate,j al

gorithm should enable state prediotion which in turn may 

lead to automatio control of (some) signals (ser

voanesthesia). In principle there is an infinite number of 

possibilities for signal processing, but this does not 
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necessarily mean that an adeguate signal processing algo

rithm can be designed • 

• MAGIC MONITORING MATRIX. 

__ __~ ______ ._.:.3_-.:,:10=--+-.::10:_-_3::.:0=--+-3:,0'--".:.... --+----'A.::L.::l_--1 

!llmplll, cU"trlbuhld 
eompr'\lhltl"lllol'¥'-e 

~lIntrllIIZIl"E:I 

Input .. 

,OIOvGfll 

OU10LJtS 

In~\Jtllo 

1 ... 1~1I1'tIl!Iont 

Int.,r-..,.(:Hvoll 

Fig 3.~ The magical monitoring matrix (Beneken and 
Blom 19S3) gives a comprehensive view on their 
philosophy regarding automation in anesthesia. 
Monitoring with only a few ~ignals which are not 
processed will be too simple for most anesthetic 
procedures. The monitoring of about 30 signals 
~lithout further processing is incomprehensible _ TO 
try to extract features from only a few signals by 
means of advanced signal processing is impossible. 
The only adequate way of monitoring is that the 
sophistication of signal processing and display 
increases with an increasing number of variables 
included in monitoring. 

The main problem is to prevent an algorithm from generating 

too many false alarms. One of the conditions for this is 

that the system must know the medical interventions (in
puts). 
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The algorithm can then relate the inputs to the signal 

behavior (outputs) and thus, alarms for ex~ected changes or 

artifacts may be filtered out or pr~vented. 

with its current alarm algorithm and data presentation DADS 

can be localized at the point in the Matrix marked with an 

E. 

In Beneken's philosophy the ultimate objective is ser

voanesthesia. 

As a consequence DADS as such, is not only the goal of the 

project but also a means of obtaining that goal. Because of 

its capacity for continuous data storage, DADS can be used 

to collect and chart knowledge regarding decision-making in 

anesthesia. In this way we may came a step nearer to the 

realization of a patient model which is necessary for the 

application of servoanesthesia. 

For this reason one of the sub-objectives during the 

evaluation of DADS has been the charting of clinically sig

nificant signal behavior during anesthesia. Along these 

lines some of the most important signal characteristics to 

which attention is paid during cardiac anesthesia, were 

mentioned in chapter 2. 

In cha~ter 5 the evaluation tests of DADS will also serve 

to obtain more knowledge about clinically significant sig

nal changes. 

The idea of computer-assisted monitoring is not new. 

In the sixties, developments tor application in intensive

care units ~ere initiated. Crul and Payne (1970) formulated 

the advantages of computer assisted monitoring as follows: 

"Patient monitoring systems serve three main functions. 

First they protect the patient by ensuring th~t variations 

in ~ physiological variable beyond an acceptable range are 

immediately apparent to the attendant Clinician; secondly, 

they indicate the pattern of response to treatment so that 

it can be modified as re~uired; and thirdly, they provide 
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data from which advances in therapeutics may he developed". 

Beaumont 19 .. gives another formulation: 

"At one level the attempt is to automate what a person can 

do as well, or better, on the basis that the computer is 

tireless and never inattentive or bored. It is generally in 

this area that one hopes to find cost-effectiveness in the 

sense that the same quality of care can be provided more 

@conomically by the elimination or minimization of staff 

who are performing relatively routine, repetitive tasks. At 

another level, the attempt is to improve the quality of 

care, either by direct control or by providing the att@nd

ing staff with an improved insight into the patients phy

siological state. In this area, one generally hopes to jus

tify cost on the basis of added value. Most systems involve 

a mixture of both". 

An important pioneer function in this field was fulfilled 

by Warner (1969). He developed (at this stage on two large 

mainframes) a versatile "computer-based monitoring system". 

Functions included in the system were the determination of 

derived variables, the detection of statistically signifi

cant changes, flexible display, data storage and retrieval 

and computer-based record-keeping. 

In general, the investigators put their efforts into 

specific aspects of a system, such as: intelligent alarms 

Shubin et al (1971), Pluth et al (1972), Lewis at al 

(1972); clo5ed loop control Sheppard et al (1975), Westen

skow at al (1983): decision making Robiscek et al (1977) i 

hierarchical prooessing Glaeser at al (1975), Swoboda at al 

(1976), Schillings et al (1978) testing/wonitoring of 

lung function Gerbocte (1973), prakash et al (1984a), Peters 

et al (1985); fluid balance computation5 Mikolajczuk 

(1974), Klovekorn et al (1976); and in a combination with 

Oat a Base Management (Wiener and Weil 1978). 

Almost all inve5tigators paid attention to the computation 
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of derived variables and the generation of a record. shep

pard and Kouchoukos (l976) wrote a survey, covering the 

period up to 1976, about many of the investigations men

tioned above. 

About ten years after the start of these developments 

in intensive-care, comparable developments in the OR began. 

Rampil and Flemming started with the development of a sys

tem for trend presentation (l978), Nandorff et al (1980) 

showed the usefulness of automation for trend presentation 

in monitoring. Mitohell et al (1979) and 810m et al (l98l) 

developed a system with on-line display and pattern recog

nition facilities and applied color in the next version 

(Meijler et al 1982 and this chapter). Frazier at al (l981) 

composed an extensive set of requirements for an "integrat

ed anesthesia delivery/monitoring system with computer as

sisted recordkeeping" to be developed by them. In their 

development they gave priority to the automated anesthesia 

record and later to the ooupling to the hospital informa

tion system already mentioned in chapter 2. Hsiao et al 

(l983) applied a oolor graphics monitor for waveform 

presentation. Block et al (1985) desoribed their experi

ences aoquired by the development and clinical use of two 

successive prototypes of computer-based anesthesia moni

tors. And again most investigators put their efforts into 

specific aspects of a system: in man-machine interaction 

(Trispel et al 1981) ; in on~line display (Demeest€r 1982); 

in monitoring of the EEG and/or its derivatives (Simons and 

Pronk 19S3); in integration of EEG monitoring and haemo

dynamic monitoring (Pearlman and Gurman 1985); and in in

telligent alarms (Ballast 19S5, van der Aa and Feldman priv 

comm 1985). In many cases an automated anesthesia record is 

the main objective or is later added to a system (chapter 

7) • 
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3.2. Configuration 

Before continuing with the description of DADS a gen

eral remark with respect to its design must be made. DADS 

was designed to function as a research tool to assess to 

what extent automation in anesthesia is feasible and to 

what e~tent it is important. Thus it was not designed to 

replace the conventional frontend equipment but to collect 

and process the information generated by it. 

Bar/Graphical 
Display 

Numeric display 

DiSh,Jl'bO,l'\ce messi:V;J0$ 

Communication messages 

Fig.3.3 DADS consists of a central dataprocessor 
ooupled to two intelligent display processors and 
peripherals for textual data entry (keyboard), data 
sampling (AD converter), data storage (floppies) 
and record keeping (plotter). 

This means that the hardware of DADS was not chosen to en-
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able sampling of waveforms with a high frequency content, 

such as PART and ECG, or to meet the requirements for 

electrical safety of frontend equipment. 

The configuration of DADS is shown in fig.3.3: 

A 16 bits LSI 11/03 microcomputer with a memory capacity 

of 64 kbyte, functions as the central processor for 

signalprocessing of up to 32 analogue Signals as measured 

at the patient or at a device attached to the patient (a 

ventilator or such like) 

and the coordination of system controlling. 

An Analogue to Digital Converter for conversion of up to 32 

channels with an accuracy of 12 bits per channel. The clock 

system of the LSI enables a sampling rate of 50 Hz per 

channel. 

The alpha numerical keyboard has an additional 25 function 

keys. The keyboard can be used to enter; 

-commands to operate the system 

-free comments and interventions regarding the course of 

the surgical procedure. 

Two display processors (Intel 8080) for the presentation of 

-the measured signals and derived variables 

-the man-machine interaction 

-disturbance messages 

-the system generated user manual (HELP file) 

Each color-monitor has a memory capacity of 32kbyte RAM. 

Data presentation takes place by means of a colors and 

32*64 characters or 128*128 pixels in the graphical mode. 

58 Section 3.2 



The two 8-inch disk units have a capacity of 512 kbyte each 
for the storage of 
~system programs 
-15 second values of the measured signals and derived vari

ables 

-disturbance messages 
-ehtrie~ via the keyboard 

A Philips PM Sl5l plotter is incorporated for automatic 
generation of the anesthesia record. 

Figur@ 3.4 presents a color picture of the DADS. 
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Fig.3.4 picture of the DADS system 
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3.3. Data Flow and processing (Disturbance Detection) 

Two main flows of information 

the system: lst from the Analogue 

display processors and the floppy 

from keyboard to proces$or(s) 

flow) • 

oan be discerned within 
Digital converter to the 

(Signal flow) and 2nd 

and floppy (Interaction 

~t 

;' / 

$ampllng 

o 

Oata 
rt:duction 

o ___ CO,rn 

-I 

Fig.3.5 The analogue waveform of in this example 
the percentage co, concentration i~ sampled first 
(al and data reductIon takes place next (b). Only 
the most relevant parameters are included in 
further processing. 

Signal flow: 

a 

b 

After low pass filtering (40Hz), the measured signals 

are digitized in the AD converter and then sampled with 50 

Hz (fig 3.5a). In the central microcomputer the signals are 

processed in several stages (fig 3.6). An important result 
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of the processing is that the $ystem assigns a so-called 

$tate to each signal. All actions performed by the 

(pre)proc~ssing routines are determined by this state. The 

state is represented by a four bit oode and is stored to

gether with the 12 bit signal value. 

stage 1; 

The user indicates, by means of a command entered via the 

keyboard, that a signal is going to be used for monitoring. 

Thus a valid state is attached to that signal. (otherwise 

the signal state remains invalid). 

stage 2; 

For all valid signals the sampled ValUes are scaled to the 

range, as determin~d by their calibration settings. These 

calibration settings indicate which ~xternal voltage of the 

signal corresponds to the internal zero in the computer and 

which external voltage corresponds to the internal 4095 

(212) , If the new value exoeeds the prescribed range the 

bad processing state is attached to it, and no further 

computations are performed on this value. 

stage 3; 

The electro-cautery signal may disturb the measured signals 

in such a way that further processing is useless. 

Therefore, one of the 32 channels is reserved to indicate 

whether electro-cautery is applied. At every processing 

stage this "flag" is checked. When set, no processing takes 

place until one second after stop of cautery; until that 

moment the last set of undisturbsd d~t~ is presented to the 

user. 

stags 4; 

When no electro-cautery is applied further processing takes 

place depending on the type of the signal. 

Periodio signals: 

Maxima and minima are determined (fig 3.5b). 
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Non periodic signals: 

Additional filtsring takes place in a 3.2 sec low pass 

digital filter. 

Ventilator phase signal; 

From one type of ventilator this signal can be obtained by 

means of a special interface. It recognizes three levels. 

The duration of each level indicates respectively the 

in5piration time, the expiration time and the pause time in 

the Ventilation cycle. 

In the preprocessing routine5 these parameters ars computed 

from the ~hase signal. 

The stages described above belong to the so-called 

preprocessing module. The resulting values, eithsr direct 

5ignal values or derived values which together may amount 

to a maximum of 64 variables, are placed in buffer 2 to

~ether with their state. The buffer is updated every lOOms 

for non periodic si~nals and at a neW maximum or minimum 

for periodic signals. Once every second the values from 

this ~uffer ars subjected to a disturbance detection algo

rithm. 

F 
I 
L 
T 
E 
R 

A D BUFFER BI,IFFER BUFFER 
N I 
A H> G 
~_1 1 2 t 3 PERIPHERALS 

i 1 o T 
L A 
G l. 
U ~~mpl-e (:Ik;;turbOlnce 
E procel;~lng dtl'tt!'etion 

Fig.3.G The processing of the signals is done in 
several stages. Intermediate results are stored in 
buffers. Data which are disturbed by electro~ 
cautery are intercepted. 
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The disturbance detection algorithm: 

Because so many variables have to be monitored, it is 

essential that DADS provides a higher level of data pro

cessing. To this end, more intelligent alarms have to be 

applied to provide the timely detection of clinically sig

nificant changes. In order to realize this a so-called dis

turbance detection algorithm was implemented (Appendix 3. 

A). This algorithm has been developed to detect, in the 

first instance, statistically significant fast changes in 

the si9nals. As is standard practice in most conventional 

equipment, the algorithm first cheCKS every variable to 

determine whether it exceeds its static alarm limits. These 

limits have been set by the user of the system and 

correspond to the limits as presented on one of the 

displays. When a limit is exceeded, the status "too high" 

or "too low" is attached to the variable. If the variable 

is ~ithin the static limits it is checked tor dynamic dis

turbances. 

The principle is, that each new datapoint of a signal 

is compared to the signal's own behavior over 

time period. This behavior is determined by 

the previous 

the running 

(running) mean average Xk over the last two 

deviation (dk ) over the last 

(update every second). 

minutes and the 

15 minutes of each variable 

A dynamic disturbance is defined in tgrms of a new da

tapoint that exoeeds its dynamic confidenoe interval of 

four times the deviation around the running average (fig 

3.7). This mgans that alarms are only generated if the 

variable fluctuates strongly in comparison to its own pre

vious behavior, since the oonfidence interval is self

adapting. 

The algorithm performS an extra check on long-lasting devi

ations. At the moment when a confidenoe limit is @xoeeded, 
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Fig.3.7 The disturbance detection ~lgorithm detects 
signal v~lues outside an interval derived from the 
signal's own past fluctuations (mean deviation). In 
this example the confidence interval for the 
heart-rate is shown (dotted line). After the 
heart-rate has been decl~red valid it takes ~ short 
time before the confidence interval has been 
"le~rnedn by the algorithm. Next two disturbances 
and one artifact are detected. The user is warned 
for these occurrences by enhanced presentation of 
the signals on one of the system displays (colored 
background) ~nd when the disturb~nces are 
persistent also by a message on that s~me display. 

~ counter is started which is incremented each ti~e that 

the sign~l sample is beyond this limit and decremented when 

it comes within the limit. when the counter reaches 15, the 

disturbance is deemed persistent and an additional message 

is generated. 

It must of course be questioned whether these st~tist

ically signific~nt changes are also of olinical relev~nce. 

In order to answer this question the algorithm has been 

evaluated. The description of that evaluation can be found 
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in section 5.2. 

Ultimately, the processing results in values of the 

variables which are updated every second in the last data 

buffer (nr 3 fig.3.6). Attached to these values are the ul

timate states as generated during preprooessing and by the 

disturbance detection algorithm. 

The diagram of possible states which may result is 

presented in figure 3.8. The state of a variable will 

determine the way in which it is presented on a display. 

Departing from this last buffer, messages with values 

of the variables an~ their states are sent to the various 

peripheral devices (fig 3,9). Every 15 seconds all valid 

variables, with their state, are copied to a buffer which, 

when full, is written to a floppy-disk reserved for the pa

tient data. (Another floppy-disk is used for program 

storage) • 

Every 15 seconds a sub5et of 40 variables, together 

with their states are sent to the upper color-monitor for 

presentation in the 50 called "bar display". 
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Fig.3.B In the COurse of processing, the system 
attaches a state to every (derived) variable. 
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Every 7.5 seoonds this same subset is sent to the 

upper monitor for presentation in the so called "graphioal 

display". (Bar display and graphical display may be ex

ohanged on demand by the user) . 

Every 2 seconds the subset is sent to the lower moni

tor for presentation in the "numerical display". 

3 

,., BAR 
15 5ec. /' DISPLAY 

@ r-~;A;;-
7,5 sec._ DISPLAY 

FLOPPY 
BUFFER ".", 8 

Fig.3.9 Two main data flows in the system, 
respectively from keyboard to floppy disk and from 
the AD-converter to floppy disk result in the 
presented and the stored information. 

lnteraotion flow; 

The keyboard can be used to enter statements about the 

anesthetic prooedure; for instanoe the administration of a 

drug, a surgical event etc. and commands to handle the sys

tem, e.g. calling up another display format. The keyboard 

is attached to the lower display processor in which an in

terpreter program has been implemented. This program takes 

care of the interaction between the user and the system. It 

checks whether a command is correct (syntax and semantics} 
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and codes it a~cordingly. The coded messages are 

transferred to the central processor. There, depending on 

the code, the executable messages are used in a routine in 

the central processor or transferred to the display proces

sor in question. All messages both executable and non- exe

cutable are sent to the buffer which is written to the 

floppy disk containing patient data. 

3.4. Data presentation 

Recognizing toe problems with data presentation in the 

operating room the following requirements have been imposed 

on DADS: DADS should enable centralized presentation of all 

(anesthesia related) data, when technically feasible 

(analogue signal available) etc .. 

OADS should enhance pat-

tern detection in the sig-

nals for instance by means 

of trend 

comprehensive 

graphs, 

displays. 

To meet these requirements 

DADS has been equipped 

with two display proces

sors. These color monitors 

serve 4 purposes: man

machine interaction and 

presentation of Help in

formation, disturbance 

messages and patient data. 

Four different fields were 

4 

3 

2 

BAR-or GRAPH 
D~$PLAY 

NUMER~CAL DISPLAY 
OR 
HELP INFORMATION 

DISTURBANce 
MESSAGES 

COMMUNICATION 
M~SSAGeS 

Fig.3.l0 The two color 
displays present the informa
tion divided over 4 fixed 
fields. 

defined on the color monitors (fig.J.IO). Field 1 serves as 

a terminal. In this field the inte~action between the user 

and the system is echoed. ~he entered commands and the 

"answers" ot the system are given. 
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Because 6 lines are available, only the most recent 

interaction can be shown. 

In field 2 five lines are available for the distur

bance messages. All valid variables are checked against 

their static and dynamic limits (sect 3.3). When a limit is 

exceeded, this is internally represented by the state of 

the variable; externally the presentation of the variable 

on the display(s) (fields 3,4) is altered. 

for persistent changes, an additional message is gen

erated in field 2. other messages which are presented in 

field 2 inclUde: computer errors, messages indicating that 

a floppy disk is full with patient data, or that a new 

sheet is required on the plotter. 

The numerical display 

~he numerical display is usually presented in field 3. 

On this display, names and momentary values of up to 40 

variables are presented. The 40 variables are divided over 

4 columns and 10 rows. separation lines can be placed in 

such a way that the variables can be grouped in functional

ly related blocks (fig 3.11). ~o avoid confusion it has 

been decided that regrouping of the information on this 

main overview display should not be accomplished during an 

operation. The state of the variable determines the colors 

in which variable name and value are presented (table 3.1). 

usually the names are in blue and the values are in yellow 

on black. 

Though the numerical display is visible most of the 

time it can be replaced by a page of the "Help file". When 

the user is learning to operate the system or is stuck in 

operating it, he c~n c~ll for pages of this file (section 

3.5). Until the enter or return key is struck, the Help in

formation takes the place of the numerical display. (The 
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PSYS 130 TCORE : 35.9 XfoiEX :1 5.0 TINS : 1.0 

MAP 100 TSKIN : 32.5 C021N : 0,2 TPAUS 1.0 

PDIA 80 02EX : 40.0 TEXP 3.0 
-,-------- ----------

MPAP 20 SV ; 40 RRATE : 120 ................. _ ....................... 3 

MLAP 10 PRMX :35.0 TIVOI.. : 600 

PRMI ; 0,0 MIVOL., : 7,2 

"MeV,,'-·.:;:] 3 It:'m¢:t:ii' , 120 

DISTURBANCES 

10:01 HRECG IS RISING 2 
09;58 MCVP IS FALLING 

>Q FJ;;NTANYL INFUSION 50 CCJH 
>BAR SC 

ENTER THE NAME OF A VARIABLE 
BAR SC>PSYS 90 130 150 MAP 80 100 110 

Fig.3.ll The lower color-monitor with the nu~erical 
display in field 3. Note the shading behind three 
variables indicating that the red background has 
been illuminated beoause a disturbance has been 
detected. Messages for persistent disturbances are 
given in field 2. An example of lines of 
interaction is presented in field 1. First a line 
with a quantitative comment, followed by lines with 
bar-edit interaction. 

messages with respect to persistent ohanges remain visible 

in field 2). 

The numerical display is meant to provide the user 

with a centralized display of the momentary values ot the 

variables instead of a display distributed allover the 

ol?erating room. 
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In field 4, two display formats can be presented. One 

is the bar display, an alternative design (developed in 

collaboration with Ream) meant to stimUlate pattern recog

nition. The other is a graphical display. 

Table 3.1 

The possible states, their meaning and the resulting colors 
of the variables on the numerical display. 

state Meaning Message in Color of name Color 
field 2 in field 3 of value 

0 invalid no name shown no value 
1 input out 

of range red On black no value 
4 dynamic fast rising blUe on red yellow 

alarm 
5 idem fast falling blue on red yellow 
6 static above static blue on red yellow 

alarm Ihnit 
7 idem below static blue on red yellow 

limit 
8 stable blue on black yellow 
9 learning blue on black yellow 

dist. det. 
10 learning 

waveform aet. blue on black no value 

The bar display 

The bar display is based upon the principle of the 

"artificial horizon". It provides the user at a glance with 

a global impression of the behavior of up to ten variables 

over the previous three hours. Each variable is represented 

in a bar graph. A bar i6 composed of five fields: two red 

alarm fields with (static) limits aajustable by the user 

(section 3.3), two black attention fields ana a central 

blue adjustable normal field (fig.3.12a). The vertical 
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Fig.3.12 In the bar display, for each of up to 10 
variables at choice, one bar is reserved consisting 
of five fields including a central normal field and 
two alarm fields. Irrespective of the positioning 
of the alarm limits the corresponding values are 
plotted at the extremes of the bars (a). As soon as 
a variable is included in monitoring (valid), its 
present value is transmitted every 15 seconds from 
the central processor to the memory of the bar 
display. In a condensed form these values are 
plotted as dots against the background of the five 
fields (b). Each dot to the left in a bar gives 
less detailed information regarding a period which 
is three times as long as the adjacent more recent 
period (cl. 

scaling of a bar is linear. The normal value is always po

sitioned in the middle of the scr@@n. Th@ alarm limit 

furthest apart from the norm value is placed at an extreme 

of the bar. The other alarm limit is positioned proportion

ally closer. The course of a variable is given by a small 

time plot (7 dots) on a logarithmic scale against the back-
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ground of these five fields. The dot on the far right 

represents the most recent (present) value which is updated 

every 15 seconds. The 2nd point from the left represents 

the average value over the previous interval (from 15 to 45 

seconds ago). The next point to the left contains informa

tion over an interval, which is again three times the last 

interval (45 seconds to 2 1/4 minute), etc. The rightmost 

four dots thus represent information over the most recent 6 

3/4 minutes. The update interval of 15 seoonds, and there

with the range of the time plot can be easily adjusted by 

the system programmer. Below the bar graph ~he name of the 

variable is presented and also the present value and the 

normal value are displayed numerioally in "physiological" 

units. 

150 120 100 

.. ... '-
Tr-Jr" 

• --
80 50 40 

PSYS MAP PDIA 
100 ao 80 
85 75 65 

Fig.3.13 Up to 10 variables 
bar in the bar display. 

' ,' .. 
. AO.O .' 

• ... 11-.. ," , 

35.5 
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VAR 
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may be represented 
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A proper selection of the ten variables represented in 

the bar display with their normal band and alarm limits, 

allows the user to make a quick assessment of the situation 

during anesthesia (fig 3.13). The following points can be 

considered: 

-Is the situation normal, i.e. are all present values 

within the normal band? 

-Is (was) the situation stable, i.e. are the dots at the 

far right, representing the recent history, within the nor

mal band? 

-Were there any large, longlasting changes in the past, 

i.e. are the dots, representing the more distant history on 

a significantly different level than the dots at the far 

right? 

On start-up, DADS presents a default bar display, but it is 

foreseen that in order to adjust the vertical scaling of 

the bars to the various phases of the procedure, on-line 

editing will take place. 

The graphical display 

The other display which can be presented in field 4 is 

the graphical display. If information presented by the 

numeric and bar display does not give sufficient detail(s), 

the user can enter a command to compose or recall a graph. 

In either One or two gratings up to four variables in each 

can be plotted on a linear timescale (fig 3.14). A choice 

can be made between 5 time scales: 15, 30 minutes, 1, ~, 4 

hours. The momentary value of each plotted variable is 

given numerically at the rightmost pixel of the graph to 

which it corresponds. The vertioal range of each variable 

is given in the upper left corner of the plot. It is possi

ble to make the system generate coupled graphS (rods} for 

strongly correlated variables such as PSYS,MAP and PDIA 

which can be plotted together under the group name pART. 
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1-------~2":1,.":"00::-------~--;;~~"r;;-3~0 INVAI. 

~O < PSYS < 200 50< PDIA < 200 
SO < MAP < 200 

21000 21:30 

Fig. 3.14 A schematic example of a possible 
graphical display. This one presents three 
variables in the upper grating. Note: CO has not 
been declared valid thus no plot values &re given. 
In the lower grating the group variable PART is 
drawn which means that PSYS,MAP and PDIA are 
coupled by means of rods and they are plotted on 
the same scale (50 to 200). 

By means of a single keystroke the default bar display and 

the default or last composed graphical display may be al

ternated. The default graphical display is preprogrammed 

but can be changed on-line. Moreover each user may compose 

(and edit) one additional graphical display. The benefit of 

the graphical display may be expected in the detection of 

slow trends Which, using the equipment currently present in 

the operating room, are difficult to observe. 

A final remark regarding the three displays: Because of the 

different updating frequencies the momentary value of a 
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variable m~y differ slightly between the different 

displays. The update frequency of the nUmeriCQl displQY is 

the highest and thus the values presented at this display 

do correspond most with the exact present value. Because 

of limited memory capacity, this update frequency could not 

be used for the other displays. 

3.5. operation of the system 

As mentioned before, operation of DADS takes place by 

means of a keyboard. The required interaction is minimal 

when DADS is only used for simple monitoring tasks. In that 

case it is sufficient to switch on the system and declare 

the specific signals valid. The numerical display is 

presented, and alternation of the bar and a graphical 

display is achieved by striking one function key. Thus, 

comprehensive monitoring is possible. 

for 

When however, specific display layouts 

specific applications, for instance 

are required 

for the bypass 

period, more (display edit) commands are required. If an 

automated anesthesia record is required as well, the vari

ous comments reg~rding the medical interventions must also 

be entered. 

In order to en~ble efficient entry of commands and 

comments, a command set has been developed with a logical 

structure. Each command consists of a main command, possi

bly a sub command and a number of arguments, or, in QqS8 of 

comments, out of a main command ~nd text. To give the ex
perienced user the means for accelerated entry of commands, 

v~rious sub commands with their arguments may be entered in 

one command line. 

Some examples of commands; 

76 section 3.5 



1 > BAR SC PSYS 80 112 130 ret 
I I I I I I I 

on the I I new new new dispatch 
bar I from low normd high cOjllllland 

display I the alarm value alarm 
the bar value value 

vertical in 
scaling which 

is changed PSYS 
is 

shown 

2 > BAR EB 8 NB 7 TCORE ret 
I I I and I I I I 

on the a I a to and dispatch 
bar bar that new overwrite TCORE command 

display is is bar the will 
erased the is bar be 

eighth made at shown 
place 

7 

This is a command composed from: > BAR EB 8 
and 

> BAR NB 7 TCORE 

3 >C START BYPASS 
I I 
a followed 

comment by free 
text 

In table 3.2 a survey of the possible commands is given. 
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Table 3.2 

The command set for operation of DADS. 

BAR 

BAR EB 

S'/\R EX 

BAR MB 

BAR se 

C 

CAL 

GR 

GR 1 

[bar nr] 

[bar nr] [);lar nr] 

[bar nr] [var name] 

[var name] [low 
[high <ll/1e] 

text 

[signal name] 

[var group name] 
(var names 1-4J 

al/s*] [norm/s] 

bar display 

erase 

exchange 

make new 

rescale 

comment 

calibration 

graphical 
display 

one grating 

GR 2 U/L [var group name] L/U two gratings 
[var group name) [var names 1-4] 
[var names 1-4 J 

GR T [time axis 15/30/1/2/4] 

GR SC [var name] [low/s] [high/s] 

GR save 

ON [signal group names] 

OFF [signal group names] 

Q text 

SHOW 

SHOW BAR 
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rescale 
horizontal 

rescale 
vertical 

save as 
default 

valid 

invalid 

quantitative 
data 

present 

the bar 
display 



STO~ 

SHOW GR L 

SHOW GR S 

the last 
graphical 
displaY 

the default 
graphical 
display 

stops DADS 

* Instead of a hew value the last 
default value may remain unchanged. 
This is indicated by entering the s 
(for standard) • 

In order to minimize the humber of keystrokes required 

for entry of the commands, functton keys can be used. The 

keyboard is equipped with groups of function keys. one 

group is used to cover the most important main commands 

such as the show commands and the on and off commands. A 

second group includes all the signal groups which can be 

included in monitoring. In this way the second example 

requires 15 keystrokes instead of 21. 

An experienced USe~ can enter a composed command, but there 

are also facilities to help the inexperienced user. It is 

always permitted to dispatch an incomplete command. The 

system comes back with a text in field 1 which explains to 

the user how to proceed with the command. (In the examples 

below; user entry upper case, system reaction lower case). 

example: >GR 2 U ret 
enter up to four variable names or 
one group name followed by L 

gr 2 u>PART ret (group name was entered) 
enter L followed by up to four variable 
names or one group name 

gr 2 U part>L TeaRE TSKIN ret (the command is 
now complete) 

Section 3.5 79 



Apart from this concise 

help f~om the system, it is 

also possible to call fcr the 

more extensive, system

generated user manual; the 

HELP-file (fig 3.15). This 

is achieved by striking the 

special HELP function key. As 

a result, the numerical 

display is temporarily 

replaced by a page of the 

HELP-file. 

p~esented 

The information 

in the page 

concerns the point in the 

command where the HELP was 

called for and refers to the 

possible (sub) commands or 

arguments with their meaning. 

Fig.3.15 
shows the 
to go in 
paths. 

The Help-file 
1.1ser which way 
the command 

The information is such that the system is virtually self

instructive. 

In addition to these help facilities , there are also 

facilities to enable corrective measures in cases where an 

incorrect command is entered. When the user detects a mis

take before a command has been dispatched, the whole com

mand or part of it can be erased by means of, either the 

erase line or the rub-out key. If there is a mistake in a 

dispatched command, this is detected by the interpreter 

program of the lower display processor. The faulty command 

is displayed again in field 1 with the first error in a 

different color. Additionally. as in the case of an incom

plete command, the help line is printed. The user can then 

enter a corrective string. After dispatching this string, 

the interpreter program replaces the faulty part with the 
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new string. Interpretation of the resulting command 

proc~~ds until a complete command is obtained or until a 

new error is deteoted. 

Remark: at any moment during command entry it is permitted 

to cancel the command by hitting the ESCAP~ key. 

ex 1] 

aJ >CR 1 PART C02EX T 4 ret 
b) gr 1 part co

2
ex t 4 

c) enter time scale 15/30/1/2/4 and S if new standard wanted. 
d) enter correction> ret 

ad a) Note: both a groupname and a variable name 
bJ That is not allo~ed 
cJ System expects the timescale already here 
d) CO,ex is removed from the list by entry of an empty 

correction string and now the time scale 
is correctly the next argument, 

ex 2] 

a) >GR 1 PIRT T 4 ret 
bJ gr 1 pirt t 4 

cJ enter variable group name or up to four variable names 
followed by a timescale 

d) enter correction> PART ret 

ad a) A command with an incorrect syntax of the qroup name. 
b) That is not recognized by the system 
c) And the system expects a correct name at this place 
d) The argument is reentered correctly and replaces the 

incorrect string. 

The event key 

For a correct reflection of the course of anesthetic 

management, a synchronization of the medical interventions 

and the signal behavior is of utmost importance. Therefore 

it must be possible to indicate to the system with one 

keystroke, the moment of such an intervention. TO this end, 
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an event key has been reserved on the keyboard. when hit, 

time and serial number of the event are automatically 

stored by the system. Later, at a suitable moment, the 

anesthesiologist can enter the character of the event by 

means of a comment. 

3.6. Data storage 

It is desirable in a 

research tool such as DADS 
to have both on-line and 

off-line access to the 

information 

course of 

regarding the 

the anesthetic 

procedure and the operation 

of the system. This is 

achieved by storing the 

keyboard entries and values 

of the measured and derived 
variables on floppy-disk 

(fig 3.16). 

Fig.3.l6 The anesthetic 
procedure including the 
operation of DADS, can be 
"replayed" because all data 
are stored. 

First all information is collected in the form of messages 

in the floppy buffer (512 byte). A message consists of a 

code as assigned by the interpreter, the (coded) contents 

of the message, and one additional byte to indicate the 

length of the message. Because the length of each message 

is known, the overhead required for storage of the messages 

is minimal. At the same time the length performs a pointer 

function to the beginning of the next message. A survey of 

all possible codes has been given by Zandbergen (l986). 

The data messages are stored every 15 seconds, the remain

ing messages are stored on entry. The central processor 

couples a time message (code 60, length 3) to every stored 

message to provide the unique tims-information relation

ship. Ohe data message consists of 130 bytes. This means 
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that it takes one minute to fill the floppy buffer which is 

then copied to the floppy-disk. In this way floppy-disk ac

cess noise can be kept to a minimum. 

3.7. Off-line graph and report facilities 

The data storage facility in DADS provides the possi

bility for off~line retrieval of data for all kinds of 

research. Two program package5 for retrieval and pre5enta

tion of data as stored by DADS have been realized. The 

first program (REPORT) (Damman 1985) provides the user with 

the means to print out chronologically and per patient, a 

selection of messages with a specific code and a selection 

of signals (with their state). Also, the time period over 

Which the print out is desired can be selected. In this way 

for instance, man machine interaction may be studied, all 

medical interventions can be printed out (C,Q codes) or 

signal behavior during certain interesting periods can be 

given in full numerical detail. This last option has been 

used for the study described in chapter 5 where the correct 

marking of samples belonging to an artifact has been 

checked. In short, all possible combinations of messages 

over any timeperiod of a procedure are retrievable (fig. 

3.17). 

Numerical presentation of signal behavior may be re

quired for certain specific applications but, in general, a 

graphic presentation will be needed. To this end, a graphi

cal package was developed which consists of three programs. 

One program serves the transfer of the patient data from 

floppy disk to a file consisting of data messages only, 

which is also accessible for a PDP11 computer where the 

graphs have to be made (TRGRAF). A second program serves to 

create interactively a file with the layout specifications 

of the plots (SERIES). The third program creates the 

(color) plots (GRAPH). 
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Fig.3.l7 A sample. from a "Report". Messages with the codes 
56 (signal values) I 63 (keyboard entry) and 41 (events) 
were selected, ~he occurrence of events is accentuated by 
a row of stars. In a later comment (e) the character of the 
event can be explained. 
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A sample of a 

possibilities 

axis takes up 

possible graph i5 given in figure 3.13. The 

for a graph layout are as follows: The time 

the whole width of the paper (22 cm), but the 

time period plotted on this range may be chosen freely. The 

vertioally available range is divided into five units. The 

vertioal range for a plotted variable may be chosen to con

sist of between one and five of these units. If, for a 

variable, more units are used, this reduces, of course, the 

number of gratings which can be plotted. The events are 

marked on a separate axis. The datapoints for which a dis

turbance was detected are indicated per variable (group) 

with tick marks. 

MC'IIP 

HFlECCi 

VAAl 

TIlE 

J I"" ["I" 14 '"'l'" 1"'1" I'""'" I'" I" I'" I'"I"'""L'" "81'"'1 00 

Fig.J.18 An example of an off-line graph. The total 
procedure is plotted on one sheet of paper. Only 
four units are used. Note the disappearance of the 
B~ and of the pulsatile behavior of the 
bloodpressure during bypass. The orossing of 
temperatures at going on and weaning from bypass 
can be seen also in the original oolored version. 
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3.8. Planned racilities: 

For a short period of time, the final development 

phase of DADS and the first phase of the evaluation were 

concurrent. During this period some additional facilities 

of DADS were developed, some because they had already been 

planned and others because it followed from the evaluation 

that they would be required. Two rather essential facili

ties were implemented and tested but could not be integrat

ed into the system because of its insufficient memory capa

city. 

For the sake of completeness we will mention these briefly. 

The numerical display editor 

The bar- and the graphical display can be edited on

line. For safety reasons this facility was not provided 

for the numerical display. However, it is desirable that 

the numerioal display can be edited off~line to enable its 

adjustment to a different kind of anesthetic prooedure or 

for special investigations etc .. To this end the numerical 

display editor has been developed (van de Lavoir 1984). 

The entry and presentation of non continuously available data 

until now only a relatively small number cf signals 

has continuously been available in the form of analogue 

signals to be sampled by DADS. Other data, such as the ad

justment of infusion pumps, administered drugs, bloodgas 

values and electrolytes are only obtained intermittently as 

numerical values. The entry of these data in textual form 

following the c or Q command is, in fact, too cumbersome. 

To simplify entry of these data, a program based on ideas 

by Baetz et al (1979) has been developed (Hees 1983). This 

program requires a greater number of function keys. Each 

group of data is placed in a menu which can be called up by 
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means of its own function key. Depending on the character 

of the group, either the most frequently used item is the 

first on the list (as in the case of drugs) or, at every 

call for that menu the next item is presented (as in the 

case of events). In this way a fast selection of the re

quired item is ensured. The developed program has been 

adapted not only to enter those data, but also to present 

them chronologically on a display which can be called up in 

place of the numerical display. 

3.9. concluding remarks 

In this chapter we described the properties of DADS as 

far as relevant for the user of DADS and for the evaluation 

aspects which will be discussed in the next chapters of 

this thesis. 

The intricate details which had to be dealt with, and all 

the problems which were met during implementation of the 

programs have not been mentioned. However, these may he of 

interest to people engaged in the development of comparable 

systems. Some of the important problems included: 

- The communication between the different processors in 

DADS. 

- The program for man maohine interaotion in the lower 

display processor was originally written in BASIC to 

enhance flexibility and readability of the program. Howev~ 

er, the BASIC interpreter was too slow to maintain an ade

quate interaction speed. The program had to he converted 

to machine language. 

- An enormous amount of data had to be available to the 

upper color-monitor to ensure prompt presentation of the 

har- or the graphical display. Intricate tricks in data 

storage were required to fit all these data in its memory. 

- The concurrency of all tasks to be performed by the cen

tral processor (sampling, computing, communication, inter-
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rupt handlinq) required a well-thought out scheduling plan. 

In the following Ghapters we will deal with the ergonomiG 

and Glinical aspeGts of the ev~lu~tion of DADS. 
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4. THE EVALUATION METHOD 

4.1. Introduction 

-In this chapter we will deal with a general evaluation 

method and with the one actually applied. 

In industrial-engineering, evaluation is a well esta

blished method applied to many different situations. 

Its main application started out as the evaluation of jobs 

with the goal of minimizing production costs and maximizing 

interchangeability of workers, i.e. to increase efficiency 

(Moraal 1976). This led to task-analysis and the procedures 

to find the best workers for a particular task. 

In human-engineering, these techniques were extended to en

able the design of optimal systems for automation of cOm

plicated tasks. Thus we used knowledge mainly from this 

field to derive the guidelines and foundations for con

structing an evaluation method. We constructed the method 

in SUch a way that it is generally applicable to complex 

patient monitoring systems. The method covers the tech

niques as applied by several other investigators for the 

evaluation of complex systems. 

Therefore, preceding the description of the method we will 

start with a short review of literature on the evaluation 

of complex medical monitoring systems. 

4.2. Review gf the literature on evaluation of roedic~l 

equipment: 

Evaluation methods serve a dual purpose (section 4.3). 

They have to provide both guidelines for improvements or 

redesign (evaluation of the situation for which a system is 

made), and tests to assess the impact of the system under 

study (evaluation of the performance of the system). In the 

literature we find papers which concern one or both of 

these aspects. Pace (1985) reviewed existing literature 
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(MEDLINE) on the keywords anesthgsia, monitoring and con~ 

trolled clinical trials. In this way he tried to find pub

lications about the impact of monitoring systems during 

anesthesia on morbidity and/or mortality (outcome studies). 

Though he found a steadily increasing number of publica

tions from which 158 concerned all three keywords, none of 

these could be classified as an outcome study. Some of the 

publications described below may not meet stringent cri

teria regarding their statistical procedures but they come 

close to the classification "outcome study". Some other 

studies were performed by means of controlled clinical tri

als but did not measure the impact on mortality/morbidity 

but on other parameters such as days in the reu etc .. 

The first (as far as we could trace) publication con~ 

cerning the evaluation of a complex monitoring system is by 

Pluth et al (1972). It is a special publication because it 

regards an objective study into the impact of a computer

ized intensive care unit in which data acquisition, 

storage, display and decision making facilities are 

present. A population of 420 patients in the computerized 

intensive-care unit was compared with 350 patients in a 

standard intensive-care. The factors which were checked for 

influences of the system are given in table 4.1. (Regrett

ably) there is no indication whether a statistical analysis 

was performed but still, according to Pluth: "these data 

suggest more prompt recognition and treatment of arrhyth

mias at an earlier stage in the computer unit, and the 

development of less serious arrhythmias and their sequelae 

such as cardiac arrest and death". 

Bradshaw and Thompson (1975) were among the first who 

started a formal evaluation method with subjective methods. 

The system under study was meant for collection, storage 

and display of manually entered data, as obtained in a 

cardio-thoracic unit. 
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Table 4.1 
F;;l.ctors included in the determination of the impact 
of a computerized intensive-care system (after 
Pluth et al 1972). 

Factor computerized Stand;;l.rd 

Duration of 57 55 
stay in unit (hr) 

vasopressor 14% 14'1; 
support (freq) 

Antiarrhythmic 24'1; 17% 
drugs (freq) 

Arrhythmia (freq) 0.7% 2.6\ 

serious 20.1% 34% 
arrhythmias ( freC1) 

Mortality 1.9% 3.4% 
rate (freq) 

By means of a questionnaire the views of the medic;;l.l staff 

regarding user s;;l.tisfaction and utilization aspects were 

collected. In addition to an overall positive reaction to 
the system, the staff mentioned ;;l. r€duction in the access 

time to results, a decrease in telephone calls between 
operating theatres, laboratories etc. and an improvement in 

accuracy and quantity of information. 

An objective evaluation method with two components was 
performed by Hilberman et al (1975). The evaluated system 

was used for calculation of variables which describe cardi
ac and pulmonary function at the bedside of critically ill 

patients, and served as a source for laboratory data. Dur

ing the first years of its use a number of events which had 
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previously caused "unexplained" serious arrhythmias or pa

tient deaths were uncovered with the system. In order to 

document such experiences the investigators started a for

mal study of the effectiveness of the computer-based mon~

tor~ng system in comparison to the standard monitoring sys

tem. The study consisted of two components: a study of the 

system's utilization by the clinical staff and a study of 

its ~mpact on patient care. For the study of system utili

zation the type and character of user interactions with the 

system was recorded. The recorded information consisted of: 

time of interaction, user's job category, type of use; 

clinical or research and the category or information ex

tracted from the system. Alongside this, a statistical 

stUdy was designed to investiqate the impact of the patient 

monitoring system on morbidity and mortality in the leD. 

For practical reasons, a strictly controlled clinical trial 

was not possible and a sequential Sbldy was performed. How

ever they took care and also checked afterwards, that no 

significant differences in demographic data between the 

groups were present. Morbidity was estimated by days in the 

unit, days on a respirator and days with an arterial line. 

The cost aspect was taken into account and approximated on 

the basis of the morbidity measures and on the number of 

laboratory tests on hloodgases. Although, amongst other 

things the post- surgical mortality dec~eased from g.) to 

7.7% no signifioant differences were demonstrable (sample 

size 132 control and 207 new system) and the expected im

pact of the system could not be proven. 

McClure et al (1975) used a commercial computeri~ed 

monito~ing system and noticed that it was hardly ever used 

by the staff even after intensive training. Therefore they 

started afresh with an analysis of the problems regarding 

patient monitoring in the intensive care unit. They came up 

with valuable suggestions although the underlying facts are 
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not given. They emphasi~ed that the computer should be 

designed especially for those tasks suitable for it, e.g. 

automated record keeping. They also noticed the shortcom

ings of static alarms provided by a computer: computer 

alarms should be based on multiple data measurements, and 

artifacts should be exoluded from the data on which alarms 

are to be generated. They pointed out that traditional 

measurements of the quality of patient care (mortality, 

morbidity and length of reu stay) are measures too exces

sive for judging the progress of a patient from a state of 

acute illness or distress, to his ultimate state of health 

when discharged from the hospital or leu. More subtle de

finitions of improved patient care have to be established. 

Some examples were given: elimination of mistakes in thera

py especially in drugs administration and in controlling 

fluid and electrolyte balances, reduction in the number of 

unusual events and a smoother course of the patient towards 

recovery. To this end, they indicated the necessity of 

trend detection and prediction. Furthermore they suggested 

the use of the computer for the screening of chemical lab 

reports and for further education of reu staff's. 

Greenburg et al (1975) realized the first objective 

analysis of information utilization in order to evaluate a 

computerized patient monitoring system. All keyboard re

quests to use the system were intercepted and stored. In 

this way frequency and sequence of access to the patient 

monitoring system could be determined. 

Robicsek et al (1977) performed a sequential statisti

cal study to measure the impact of their allround system 

for computer-based intensive care. ~he system provided not 

only automated data collection, storage and display but 

also an automated demand-regulated transfusion and infusion 

program and even a program for aiding in situation analysis 

and giving therapeutic recommendations. The ICU data of 400 
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patients who underwent open heart surgery just before the 

installation of the system were compared with an identical 

number of patients 

tion in the length 

waS found (15.2 

after installation. A significant reduc

of hospital stay in the new system group 

+0.7 days to 13.8 ±0.6 days p<0.05) and 

also a significant decrease in blood transfused (1,600.8 

~l27.5 rol to 1,475.0 ~B5.8 ml, p<0.05). Furthermore a 

subjective, but nevertheless definite impression was formed 

that patients connected to the computer had a much smoother 

recovery and their pressures and rates stabilized more ra

pidly and with fewer fluctuations than the conventionally 

managed group. Also a 10 percent reduction in postoperative 

complications resulting primarily from respiratory problems 

was observed. 

Bocquet et al (1980) conducted a thorough study into 

the redesign of conventional anesthetic equipment. This 

stUdy did not include automation but is a good example of 

methodical rearrangement and redesign and is applicable for 

computerized systems. The approach was as follows: they 

made up an inventory of comments on the conventional situa

tion, illustrated with pictures and the suggested modifica

tions were listed. The anesthesiologist's working procedure 

was studied in detail and his work was separated into manu

al and visual activities. For each activity they deter

mined: 

1. Its duration 
2. Its frequenoy 
3. Its relative importance 
4. Its relationship to other aotivities 

and anesthesia equipment 

A total of 15 procedures were videotaped. Manual activities 

were recorded by a single video unit with a wide angle lens 

positioned behind the anestheSiologist's working area. 

visual activit iss were recorded by means of an eye mark 

recorder. The activities were recorded from the film every 
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h~lf second. These d~ta were entered into a computer file 

tor sorting and statistical analysis. The results were used 

to draw sketches of possible arrangements of control, 

display and work surface. From three possible systems 

full-sized cardboard mock-ups were produced. These were 

tested and subjected to the comments of anesthesiologists 

and manufacturers. A basic modular system waS chosen and 

further attention was given to the control and display fa

cilities and work areas. The resulting design became a slim 

unit occupying a small area, consisting of three vertically 

positioned modules and a permanently attac~ed chart board. 

The lowest module was placed above the gas cylinders and 

housed the gas pressure gauges, the flow meter and vaporiz

er controls. The central module was the ventilator unit 

with the carbon dioxide absorber and an anesthetic circuit 

plus reservoir bag. The top module housed the ECG, the 

pulse monitor, 

being the most 

tioned close 

and blood pressure gauge. The reservoir bag, 

frequently checked visual display, was posi

to the patient's head. The work area and 

storage c~rt was :kept apart because it had little rel~

tionship to the control and display activities. The 

anesthesia delivery and monitoring system developed in this 

way is an example of well applied human engineering teoh

niques. 

One other paper describes the use of filming techniques for 

advising on improvements in the anesthesia equipment, 

though more globally (Drui et al 1973). 

A broad approach resulting in the design of a new integrat

ed anesthesia delivery and monitoring system was followed 

by de Roo (1980). He performed a number of limited investi

gations into the task of the ~nesthesiologists during gen

eral procedures. The time spent on tasks and the time spent 

at certain positions was clocked, and the sequence of ob

servations recorded. Furthermore, they determined the speed 
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of the recorders required to enable detection of important 

patterns in various signals. rnterviews were performed to 

obtain remarks of the users regarding the conventional si

tuation and opinions regarding properties of the new sys

tem. The concept design favored mostly by possible future 

users was a rack composed of a number of arrangeable units, 

with each unit containing one or more modules of the sys

tem. There was ,as yet, no uniform opinion on the desira

bility to suspend the monitoring unit separately in a cen

tral position. 

Galer and Yap (1980) developed two sequential proto

types for entering and storage of Clinical intensive care 

data and compared these with each other and with the con

ventional situation. After concluding that the first 

thumbwheel prototype was unlikely to be acceptable, they 

followed a well-structured, five-staged program to obtain 

the next design: l)Feasibility and exploratory studies 

(limited). 2)Developing the design concept. 3)Construction 

and evaluation of a mock-up. 4) Final speCification and 

construction of a prototype. 5)Evaluation of the prototype. 

The new design was a keyboard unit with eight color-labeled 

group5 of function-keys and a numerical keypad set at an 

angle of 17.5° horizontally and a small display panel on 

top of this at an angle of 45° horizontally. 

Evaluation included the time required for an entry and the 

proportion of entries transmitted , which contained one or 

more undetected errors. For the twelve nurses participating 

in the evaluation it was shown th~t the keyboard unit pro

duced significantly fewer errors than the thumbwheel unit 

(p<O.05) and that the me~n entry time for the keyboard was 

significantly less th~n that for the thumbwheel (p<O.OOl). 

In 1981, Collins et al presented more general informa

tion on guidelines for evaluation, which did not provide 

additional information. 
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Above, a number of interesting evaluation studies were 

described. However, only Galer and Yap (1980) mention 

clearly to have worked at both aspects of the evaluation; 

(re)design according to human engineering concepts and 

testing of the impact of the new design. As yet no complete 

general evaluation method for this kind of computerized 

monitoring system seems to exist. This is not suprising be

cause the application of evaluation methods in medical sys~ 

terns is, in fact, in a rather early stage. In other appli

cations such as in process industry, aviation indUstry and 

nuclear power plants (Hollnagel et al 1983) ,. much more ef

fort has ~een put into human engineering. 

4.3. Set-up of the general evaluation method 

Introduction 

In this section we will use literature on hUman en

gineering to compose a general evaluation method. The tech~ 

niques and methods as used above are all elements of such a 

method. One advantage of departing from a general method, 

is that deliberate choices can be made regarding the prac

tical realization. 

Drenth (1976) describes a procedure which can be fol

lowed for the selection of workers. The term 'criterion' is 

introduced together with a 'dual procedure'. Potential 

workers are tested on their suitability for the task by 

checking on predictive criteria (requirements). Once set

tled in the job, their proficiency is tested again, by 

checking on performance criteria. We find the same duality 

in procedures for the evaluation of technical devices. 

For instance a new desk chair i~ being devised to diminish 

backache complaints. To this end, the seat is lengthened 

and the back and height are made adjustable. These are the 
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(re)design criteria or requirements for the improved desk 

chair. However, to test whether indeed the chair does di

minish th~ complaints, tests on the performance criteria 

are necessary (fig. 4.1), for instance on the amount of 

sick-leave or more directly, complaints etc .. From both as

pects, suggestions for improvement can be derived. 

TEST 
PERFORMANCE 
CRITERIA 

COMPARE 
REOUI REMENTS 
AND PROpEATl5S 

Fig.4.1 In a complete evaluation method two 
aspects are treated; a test on the performance of 
the system (left) and a systematical check whether 
the system fulfills the requirements (right). Both 
stages may lead to improvements. 

For both "sides" of the @V'aluation the problem is to 

determine the criteria. 

Performance criteria: 

Regarding the determination of performance criteria 

Drenth (1976) gives some guidelines: Performance criteria 

have to be reliable; i.e., the test results should not be 

too much influenced by chance factors and the test must 

measure something in' a fairly stable and consistent way. 

This can be enhanced by standardising testing conditions, 

making the test sufficiently lonq and selecting test items 

carefully. Performance criteria have to be relevant, i.e. 

they should be neither excessive, nor deficient. "An exces

sive measure may cover part of the relevant properties, 

while at the same time, measuring additional phenomena 
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which are not under control of the system" (Drenth 1976). A 

deficient measure i5 incomplete. 

Relevant a5pects of the performance 

of the system are left out. "very 

often there is tension between 

reliability on the one hand and 

this aspect of relevance on the 

other. A final paper and pencil 

test at the end of pilot training 

provides a reliable criterion for 

selecting pilots. However, it is 

probably not as relevant as a test 

on their flying skills" (Drenth 

1976). Finally, we must 

that in most cases for a 

recognize 

complete 

mostly test, more 

dependent, 

tested. We 

levels of 

than one, 

criteria have to be 

will distinguish three 

concreti~ation of 

performance criteria (fig.4.2). 

Fig.4.2 The hierar
chy in performance 
criteria. The sub
criteria are the 
least excessive. 

The total aim of the process is called the "ul.timate 

criterion" or "goal" (Drenth 1976). on this level we think 

of, tor instance, "the total value of the company", "the 

wellbeing of the workers" which in monitoring terms can be 

translated to "improvement in patient care". Secondly, 

reference is made to "behavior or performance that is to be 

representative or indicative of the ultimate criterion, but 

in :more operational and measurable term5". "Productivity 

per hour", "quality of a piece of work" are examples of such 

concretizations (in monitoring criteria such as "mortality 

and morbidity" are probable). I will call them "global ori

teria". On a level which is still more concrete, Sanders 

(1976) gives e~ample5 of common performance criteria meas

ures, whioh I call sub-criteria (table 4.2). 
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Table 4.2 

Examples of sub-criteria for perform~hc8 
testinq of a ~erson or system. 

Subject 

Time 

Action 

Judgment 

Physiological 
correl<ltes 

Examples 

reaction time 
search and inspection time 
movement time 
interresponse time 
total time 

accuracy (conversely errors) 
tracking movements 
aiming movements 
serial movements 
retention,recognition 
complex decisions 
psychophysical detection 

rating of importance 
rank order 
estimation of distances e.d. 
preferential choice 

EEG 
c<lrdio V<lscula~ responses 
muscle tension 
skin conductance 
respiratory responses 

From these kinds of measures, so-called "dependent 

criteria" can be derived. For instance in order to test the 

new desk chair the dependent criterion, average duration of 

complaints over 20 workers, with and without use of the new 

chair, may be compared. Or, a more objective measure, the 

average tension in specific muscles may be used. 
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(Re)design criteria (requirements): 

The other aspect of the evaluation process is the 

determination of the steps leading to improvement. This, in 

fact, is a kind of repeated and shortened designing pro

cess. To this end Bouma (1986 priv corom) uses a theory 

which prescribes tha~ on the one hand, the model the system 

to be (re)designed might have of the user, must be deter

mined. E.g whether it is within the abilities of the user 

to operate the system by means of the 60 provided keys? On 

the other hand the model the user of the system formed him

self of the system should be determined. E.g'. does the user 

expect the system to perform certain computations, or to be 

faultless etc .. Based on this theory a complete checklist 

for (re)design of a system can be composed (of section 

6.1). Doring (1976a) gives also a set of (re)design guide

lines. From these we extracted the conclusion tbat before 

redesigning can be done, knowledge on three basic subjects 

is essential: task-analysis, ergonomics and critioal

incidents. 

(~e)design and Performance: 

Because both aspects of an evaluation may lead to im

provements, it is the most plausible solution to USe the 

same concepts from ergonomios, task-analysis and oritical

incidents for the determination of the performanoe cri

teria. The following iterative scheme may then be used for 

an evaluation method (fig.4.3). 
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ERGONOMICS 

TASK- ANALYSIS 

INCIDENTS 

te~1 ~ 

PERFORMANCE 
CRITERIA 

compare: 
REQUIREMENTS 
AND PROPERTIES 

Fig.4.3 In an evaluation method knowledge regarding 
three fields must be collected to derive 
performance and redesign criteria. The comparison 
between requirements and properties and the test on 
the performance of the system may leau to 
guidelines for improvements or to the decision that 
the system is ready for the next step in the design 
process. 

Information retrieval: 

Above we gave guidelines for the generation of 

(re)design and performance criteria. 

The guidelines included the extraction of essential 

knowledge about the model the user has of the system under 

development. For this so called information retrieval, 

different teohniques may be used depending on the informa

tion we want to obtain. For instance to specify new re

quirements for the desk chair, interviews with the person

nel using the chair are useful but also measurements of 

sitting posture may give information. We have made an in

ventory of these different techniques (van der Stap 19B2): 
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1 the interview of tbe individual by one or two (tandem) 
interviewers. The interview may be structured, open
ended, non-structured, non-structured but focused. 

2 The group interview. Most common is the focused group 
interview. 

J The questionnaire. 

4 Observations. 

5 Journal/ self observation 

6 The interview of inrorm~nts 
--->video recordings 

7 unobtrusive methods. -------1 

8 simUlation. 

Evaluation and Design: 

--->audio recordings 
I 
--->signal recordings 
I (physiological) 
I 
--->situation/environment 
I tracing 
I 
--->literature stUdy 

(archives ,manuals 
design specifications) 

Summarizing, a general evaluation method consists of 

the following: 

STEP 1- Apply the information extraction methods to obtain 

knowledge on ergonomics, 

critical-incidents. 

STEP 2- Determine a hierarchical 

criteria. 

task-analysis and 

set of performanoe 

STEP 3~ Define sets of requirements by determining the 

model the user has formed himself of the system and 

of the 'model I the system might have of the user. 

Include additional factors such as critical

incidents and ease of maintenance. 
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STEP 4- Execute the 

conclusions 

disadvantages 

improvements. 

tests on 

regarding 

of the 

STEP 5- Compare the list of 

performanoe and draw 

the advantages and 

system and the possible 

requirements with the 

properties and give suggestions regarding updating 

of the system. 

Figure 4.4 then presents a possible design sequence in 

which two evaluation phases are included. 

4.4. set-up of the evaluation method as applicable to 
D~S 

In this seotion the general evaluation method will be 

adapted and elaborated in order to make it applicable to 

DADS. In the elaboration of STEP 1 the justifioation will 

be given for the teohniques which Were already applied in 

chapter 2 for obtaining knowledge on task-analysis and er

gonomics (of the operating room). In STEP 2 the considera

tions are given on how we came to the selection of the per

formance criteria against which DADS will be tested in 

chapter 5. The other STEPS refer directly to later 

chapters. 

STEP 1 

Step 1 of the general method prescribes the collection 

of knowledge on task-analysis, ergonomics and critical- in

cidents. In adapting this step for DADS, we seleoted the 

most suitable techniques for information extraction on the 

speoific points about which we wanted to obtain informa

tion. 
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Determine 
Global 
Req u irernents 

---, 
I 
I 

• no I 
I 
I 
I • I 
I 
I 

Fig.4.4 A possi~le design sequenoe including two evaluation 
stages which, itself, are iterative p~ocedures as presented 
in figure 4.3. 
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~~§~:~~~1Y~~~~ 

DADS influences the task and the working method in the 

OR of the anesthesiologists and possibly also of others, 

because DADs is a monitoring system and thus might influ

ence decision making. Besides, for optimal monitoring and 

data logging by DADS, the user has to enter the essential 

commands. This requires attention of the anesthesiologist 

using the system and thus influences his actions. In order 

to obtain knowledge regarding the working method and task 

of the anesthesiologist without (and with) DADS over the 

total surgical procedure, the following possibilities were 

considered: 

1) A literature stUdy of task-analysis and critical- in

cidents. 

Performed and discussed in 

2.2,2.4 and chapter 8. 

respectively sections 

2) A video recording of (aspects of) anesthetic manage

ment. To be used for extraction of quantitative and/or 

qualitative information. 

l06 

Not performed. It was decided that even video cameras 

were too obtrusive and too elaborate to be applied in a 

situation were DADS was already an additional piece of 

equipment in the OR. Moreover, DADS could be used ex

cellently as a recording instrument for all non-visual 

inputs. Still we have some ~uantitative knowledge on 

workload. Namely, the literature study on task-analysis 

was, amongst other things based on two publications 

where quantitative knowledge was collected by means of 

video recordings (histogram in fig.2.7). 
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3) An activity chart for the registration of anesthetic 

interventions in order to obtain insight in the se

qUences of activities and the interrelation5 with the 

surgical interventions and in type and frequency dis

tribution of anesthetic interventions. 

An activity chart has been coroposed (App 2.A) and dis~ 

cussed in section 2.4. 

4) Quantitative count5 of type and frequency distribution 

of monitoring during anesthesia and of the character 

and frequency distribution of data logging. 

In the activity chart, the moments and type of inten

sive monitoring were pointed out. An inventory ot the 

logged data is presented in chapter 7 where the reali

zation of an automated anesthesia record is treated. 

The time 5pent on tasks such as monitoring and data 

logging can be read from fig. 2.7. 

5) Mapping of the control function of the anesthesiolo

gist. 

No quantitative study performed. However, global 

knowledge is applied in section 6.4 where the layout of 

an integrated workstation is discussed. 

6) Registration of critical-incidents 

Not performed 5ystematicallY: too obtrusive an investi

gation requiring too many specific and elaborate pro

cedures. 
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7) Objective study into system utili~ation (compare with 

Greenburg et al (1975) and McClure et al (1975) (see 

section 4.2). 

This study has just started. A program to convert DADS 

files to a Data Base Management system in order that 

questions regarding utilization over a number of pro

cedures can be posed, has been completed (Zandbergen 

1986) • 

~?;:gQ!}~!!)~~~=-

D~DS changes equipment layout and data presentation in 

the operating room. Therefore, to improve DADS and to 

determine its impact, knowledge about data presentation, 

equipment layout and control is necessary. The following 

possibilities for obtaining information were considered; 

1) Collecting the properties of comparable scientific and 

commercial systems from literature. 

~ global inventory of comparable scientific systems is 

given in section 3.1. Our knowledge regarding 

interesting properties of and developments in 

commercial systems was kept up to date but is not 

included because of the rapid changes in these systems. 

2) The study and mapping of data presentation and layout 

of the equipment in the operating rooms. 

108 

Performed and described in, respectiVely, sections 2.3 

and 2.4. 
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STEP 2 

On the basis of the available information, we defined 
a hierarchical set of performance criteria (fig.4.5) (S8e 
also Krisch@r (1982)). 

As global criteria, we defined: 

the worksituation of the anesthesiologist in the OR, 

subdivided into work-environment and workload. 

the state of the patient subdivided in per- and post

operative state and expressed in mortality, morbidity 

and critical-incidents. 

It is clear that the list in figure 4.5 can be expand

ed with more criteria. Also, for a different system, anoth

er list would probably be composed. From the list in 

fig.4.5 the performance criteria to be subjected to testing 

can be selected; for instance, whether in procedures with 

DADS a decreased reaction time of the anesthesiologist on 

disturbances could be noted as compared to procedures 

without DADS. 

The selection was based upon the following considerations: 

The sample size necessary for the test. 

The measuring equipment available. 

The correlation of the test with special properties of 

DADS. 

The feasibility of the test based on some preliminary 

trials. 

~Sample size; 

Pace (1985) cites from a statistical sOUrce that, because 

of the low mortality rates, a sample size of 10,000 sub

j@cts would be necessary to show a reduction in mortality 

as the consequence of the use of a new drug or piece of 

equipment. To show a reduction in morbidity this nurnbe~ 

reduces to 450. To show a decreQse in the occurrence ot a 
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I 
StiB C:RITERlA 

Fig.4.5 The hierarchical set of performance criteria as applicable to DADS. 
For each of the sub-criteria and some of the global criteria, tests 
can be developed to determine whether indeed with the application of DADS 
in the OR, the criterion is met. For example it can be tested whether felver 
drugs are required during procedures with, as compared to procedures 
wi thout DADS. 



specific critical- incident something around this last 

number will also apply. When we make a selection from the 

more specific criteria lower in the hierarchy of figure 

4.5, these will generally be less excessive, which reduces 

the required size of the test population. 

-Measuring equipment: 

DADS is a powerful measuring instrument; it provides us 

with extensive means for data storage. As presented in 

chapter 3, every 15 seconds all the continuously available 

physiological data are stored. The keyb9ard entries are 

stored immediately and placed in chronological order with 

the sampled data. The criteria in figure 4.5 were checked 

on their suitability for testing, with DADS used as the 

measuring instrument. As a result the criteria which are 

marked with an asterisk have not been included in further 

investigations. For instance, to be able to perform exact 

time measurements, video recording equipment is essential. 

Tests performed with this equipment are probably very use

ful but at the time installation of the equipment was con

sidered too obtrUsive. Moreover this kind of equipment was 

not easily available to us. In principle, time measure

ments were believed feasible, yet we opted for the testing 

of criteria correlated with the group of physiological 

measurements which are collected and stored by DADS. 

-Special properties of DADS: 

We stated previously that tests shOUld be relevant, they 

should test especially those aspects of a system which are 

most obvious. The following aspects are the most obvious 

in DADS 1) tha algorithm for dynamic alarms with the 

corresponding change of the background color of the vari

able in question, 2) the bar display, 3) the trend 

display, 4) the automated anesthesia record and S) the 
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data storage. The anesthesia record was developed as an 

element in the improvement phase (STEP J), The data 

storage is used as a measurement facility but has not yet 

been tested as to its impact on patient Gare. The @fficacy 

of the red backgroundS and the bar display were chosen as 

the items to be subjected to testing. 

The bar display Was selected because of its relationship 

with the criterion "variability of the signals", and the 

red backgrounds were selected beCause of their relation

ship with the criterion "number of warnings". 

-Feasibility: 

Apart from the two tests mentioned above, some other cri

teria were thought to be relevant for testing. One of 

these WaS the "reduction of reaction time". However, this 

test did not appear to be feasible because only a limited 

nUmber of disturbances was followed by an action with a 

clear onset (e.g. administration of a vasodilator as it 

follows a rise in blood-pressure). The time delay between 

disturbance and action is so small that influences of DADS 

are very difficult to detect. Moreover, the operator could 

easily influence the accuracy of the method by inaccurate 

marking of the start of an action. 

Though it is a global criterion, the criterion "critical

incidents" seems to be very relevant. However, as a whole 

it is too excessive to be feasible. In a later stage it 

can perhaps be reduced to specific incidents which might 

be obviated by means of DADS and Which then might be suit

able as performance criteria. 

STEP 3 

with respect to the redesign phase it was tried to 

compose a list covering all requirements and properties of 
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DADS. A sample part of the list which was oomposed by us, 

is given in section 6.1. 

sTEP 4 

The tests on the efficacy of DADS with regard to the 

number of warnings generated by the disturbance detection 

algorithm and the variability of the signals, were per

formed and are described in chapter 5. 

STEP 5 

After a step by step comparison of the properties of 

the system with the requirements a number of minor improve

ments and some topics for major improvement were suggested 

and investigated. These include; 

- man-machine interaction (interaction facilities, interac

tion protocols and input devices) 

- data presentation (legibility and the use of color) 

- equipment layout (design of an integrated workstation). 

4. 5. summary 

In this chapter we gave a review of evaluation studies 

as performed on medical monitoring systems. Each of these 

studies covered only some of the elements for an evaluation 

study. Because no generally applicable evaluation method 

seemed to exist we tried to develop such a method our

selves. This method consists of two main components: the 

test of the performance of the system (test performance 

criteria) and the redesign of the system (determine 

redesign criteria). For the determination of the two kinds 

of criteria; knowledge on task-analysis, ergonomiCS and 

critical- incidents in the OR is a necessity. To acquire 

the required knowledge, a selection must be made from ex

isting information retrieval techniques. 

The performance criteria can be arranged ~ccording to a 
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hierarchical structure from very excessive to rather 

specific. From these criteria a selection must be made 

determining which will be submitted to testing. For this 

selection soms factors can be taken into account: the re

quired sample size, the available measuring equipment, the 

correlation of the criterion with special properties of the 

system and the feasibility of the test aftsr some trials. 

For the redesign phase it is advisable to check off all the 

facilities and missions of the system and in that way com

pose a detailed list of requirements. After a first overall 

check of the requirements against the properties, probably 

resulting in some minor improvements, a selection of some 

main subjects for systematic improvement can be made. In 

chapter 5 the tests on two performance criteria are 

described, in chapter 6 and 7 the major improvements are 

discussed and in chapter 8 the literature stUdy on 

critical- incidents is dealt with. 
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5. EVALDATION: THE TESTS ON PERFORMANCE OF DADS 

5.1. G~neral introduction 

In the previous chapter an evaluation method tor com

puteri~ed p~tient monitoring systems was composed. In this 

and tollowing chapters this method will be applied to DADS. 

In this chapter two tests on the performance of DADS will 

be described. 

~he first test concerns the investigation of the clinical 

significance of warnings as generated by the disturbance 

detection algorithm of DADS. ~he second test regards the 

stability/variability of patient signals: the behavior of 

these signals might be positively influenced by their 

enhanced presentation on the bar display. Both tests were 

performed with a special operator for DADS. In that way it 

was ensured that DADS was only used for monitoring and 

would not divert the attention of the anesthesiologists 

away from the patient, since they were not yet suffioiently 

accustomed to the operation of DADS. 

5.2. Efficiency of warnings 

5.2.1. Introduction 

In section 4.4 we listed as one of the performance 

criteria the number of disturbances as detected by DADS. A 

disturbance is deteoted by the dynamic part of the distur

bance detection algorithm (section 3.3 and Appendix 3.A) 

which warns for observations outside the 4d
k 

confidence in

terval around the variable's running average. A warning for 

such a change is given by showing a red background on the 

numerical display behind the names of the variables in 

question. 

The message which is meant to be conveyed to the user by 

this red background is that possibly a clinically signifi

cant event occurred or is pending. Significance in this 
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oontext means that it is desirable for the anesthesiologist 

to recognize the situation and/or to intensify his monitor

ing and/or to change the management of the patient. 

However, it is only possible to generate red 

for the correot situations when we know 

baokgrounds 

the relation 

between signal behavior and events. DADS was used to carry 

out a praotical study into the identification and quantifi

cation of those situations for which a warning (or alarm) 

is useful. 

In the introductory phase of DADS in the operating 

room a study was undertaken in which an independent ob

server related the warnings to actions of the attending 

staff (Kragt 1982). The staff, including anesthesiologists, 

surgeons and pump teohnioians, were not able to observe the 

warnings and monitored by means of the standard equipment. 

This provided us with information about how the warnings 

correlate with clinically significant situations. In this 

way, also a control population was obtained to enable a 

later phase of the evaluation. 

Apart from the statistically significant signal behavior as 

determined by the disturbance detection algorithm, We know 

that there are certainly a larger number of clinically sig

nificant changes, which however do not exceed the 4d
k 

con

fidence interval. During the study the observer oolleoted 

some additional information to get an impression of the 

number of olinicallY significant situations which did not 

produoe a warning on DADS. 

5.2.2. Method and materials 

A sketch of the position of the observer and DADS with 

respect to the standard equipment and staff in the 

operating theatre, is presented in figure 5.1. 
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Figure 5.1. An observer relates the warnings given by DADS 
with the actions of the staff. The variables to be moni
tored by the anesthesiologists are presented on the stan
dard equipment by means of waveform displays, small and 
large LED displays for the digital values and a set of mis
cellaneous displays on the ventilator and pumps. 
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When a warning occurreQ, the observer used the keyboard to 

enter his observation of the actions undertaken by the 

staff around that moment. As explained in Chapter 3, these 

entries are immediately stored on floppy-disk in chronolog

ical order with the data points and their status, which are 

being stored every 15 seconds. The relationships between 

warnings and actions were divided according to the fol

lowing classification: 

AAPW-an Action of the ~nesthesiologist Preceded the 

~arning; i.e. the warning is probably clinically less 

useful since the change was anticipated. 

ASPW- an Action of the §urgeon (or pUmp-technician) 

~receded the ~arning; i.e. the warning is ~robably clini

cally less useful since the change might have been anti

cipated. 

ANW- No Action could be relateQ to the ~arning; this 

could have four causes: 

(1) the change was inadvertently missed by the staff 

and therefore not anticipated so the warning might be 

useful. 

(2) the change was not anticipated but no action was 

necessary. 

(3) the change was anticipated but no action was neces

sary so the warning might be less useful. 

(4) the observer missed the related action. 

AFW-an ~ction of the ~nesthesiologist !olloweQ a ~arning; 

i.e. the warning is clinically useful since the distur

bance generating the warning might not have been antici

pated. 

A~TIFACTS-defined as disturbances with a physiologically 

impossible behavior, such 

seconds during flUshing, or 

as 280 mmHg reached within 

the Qis~pp8aranc8 of the 

waveform because of a pinched catheter. 

These artifacts are considered to be a separate class be-
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cause of their specific signal behavior. The correspond

ing warnings were both action initiating (AAFW) and quite 

useless (AAPW). 

5.2.3. Results 

During 6 cardiac surgery procedures the observer re

lated 73l warnings as gener~ted by DADS to actions of the 

attending staff. Figure 5.2 shows the classified results. 

The number of warnings for 

class. The total number 

e~ch variable is given per 

of warnings can be read in the 

right upper corner as well as the number of ,actions related 

to the warnings; there are fewer actions than warnings be

cause sometimes a series of warnings was related to one ac

tion. In many cases such a series of warnings concerned 

several related variables indicating a redundancy. To sim

plify the presentation of the results, 6 groups of related 

varia~les are distinguished: 

RESP Minute Volume (MIVOL), Maximal Respiratory pressure 

(PRMX) , Minimal Respiratory Pressure (PRMI) , 

Maximal Respiratory Flaw (FRMX), Minimal 

PART 

TEMPS 

HR 

MVCP 

MPAP 

Respiratory Flow (FRMI), CO2 ex, C0
2
in 

systolic Arterial pressure (PSYS), Mean Arterial 

Pressure (MAP), Diastolic Arterial Pressure (PDIA) 

Core Temperature (TCORE), Skin Temperature (TSKIN) 

Heart-Rate 

Mean Central Venous Pressure 

Mean pulmonary Arterial pressure 
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Fig.5.2 The warnings as generated by DADS were related to 
actions of the staff and classified. For each class the 
number of warnings per variable is plotted. Note; sometimes 
several warnings accompany one action. (* 1 unit=10 warn
ings) 
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In the following, each olass will be briefly dis

cussed. If known, the character of the actions related to 

warnings for a group or a variable will be mentioned. In 

case the warning was caused by an action this will be indi

cated as "group/variable disturbed by". For actions follow
ing a warning this will be indicated by "group/variable 

disturbed". In some cases, the apparent usefulness of the 
warnings deviated from the usefulness which was assumed 

above at the definition of the classes. 

class AAPW: 94 warnings (12.9%) were related to 56 preced

ing actions of the anesthesiologist. 

GrouELVariable 
PART 

KR 

RES? 

Disturbed by 
intUbation and laryngoscopy-> stress 

(probably useful after all) 

the effects of drugs 
(useful if reaction different from 

expected) 

----------------------------~ stress 
(probably useful) 

external pacemaker switched on 
(less useful) 

change of ventilator settings, 

about 5*per operation 

and "big blow" 
(not useful) 

Class AS?W: 270 warnings (38.2%) were related to actions 
of surgeons and perfusionists. 

GroupLvariable 
PART 

Disturbed by 

cannulation and change of flow cpb 

apparatus, smaller manipulations, 

lifting heart (probably less useful) 
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MPAP 

MCVP 

HR 

RESP 

TEMPS 

sternotomy, cauteri~ation, mediastinal 
dissection, ~8ricardotomy, cannulation, 

closing mediastinum and skin 

-----------> stress 
(probably useful after all) 
manipulations of the surgeon 

(probably less useful) 
change of height cardiotomy apparatus and 

cannulation 

(probably less useful) 

manipulations of the heart by the surgeon 

(probably less useful) 

sternotomy, cauterization, mediastinal 

dissection, ~ericardotomy, cannulation, 

closing mediastinum and skin 

-----------> stress 
(probably useful after all) 
manipulations by the surgeon 

(probably less useful) 

covering patient with sterile drapes, 
cooling and warming up patient for cpb 

(probably less useful) 

ClasS ARTIFACTS AAPW(A); 254 warnings (34.7%) were related to 

preceding actions of the anesthesiologist 

Group/Variable 
P~T 

MPAP 

MCVP 

HR 

122 

Disturbed by 

sam~ling and flushing 

(not useful) 
manipulation catheter or transducer 

(not useful) 
sampling, flushing, CO 

(not Useful) 

derived from arterial waveform so 
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1l.ESP 

also sampling and flushing 

(not useful) 

disconnection of tube for sternotomy 

(not useful) 

class ARTIFACTS AFW(A): 15 warnings (2.1%) initiated 4 actions 

Group/Variable 
PART 

MPAP 

'l'CORE 

PART and HR 

Db;;turbed 

resulting in cuff measurement 

(useful) 

resulting in change of catheter 

(useful) 
resulting in use of another temperature 

sensor 

(useful) 

resulting in termination of pinching oft 

catheter 

(useful) 

Class ANW: 82 warnings (11.2%) could not be related to an action. 

Class AFW: 7 warnings (1%) initiated 5 actions. 

Group/variable 

PART 

MIVOL 

MIVOL 

C02ex and 

bloodgas 

Disturbed 

resulting in check of arterial line 

(useful) 

resulting in switching the ventilation to 

manual. 2* 

(useful) 
resulting in repair of a disconnection of 
the CO2 measurement line 

(useful) 

resulting in change of ventilator setting 
(useful) 
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5.2.4. Discussion 

By observing the actions of the anesthesiologists, in~ 

itiated by signal disturbances, knowledge about clinically 

significant situations was obtained. In our investigation 

the range of disturbances exceeding an interval of 4dk 
around the running average was scanned. The proportional 

contribution of each class to the total amount of warnings 

is given in figure 5.3. 

All 22 warnings in the classes AFW and AFW(A) were posi

tively identified as useful. However, in other classes some 

useful warnings were also detected. By oonsidering the 

AAPW 
12,9 % 

AFW + } 
AFW(A) 3% 

ANW 
11,2 % 

Fig. 5.3 The proportional contribution of each class 
to the total amount of warnings as generated during 
the 6 studies is presented. 
Action Followed Warning AFW 

Action Followed Warning (ArtifactJ AFW(A) 
ActiOn Anesth. Preceded warning AAPW 
Act. Anesth. Preceded warning (ArtifJAAPW(A) 
Act. Surgeon or Perf. pree. Warn. ASPW 
Action Not related to Warning ANW 
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number of warnings per class and per variable, and taking 

into account the level of usefulness whioh was stated on 

the basis of the corresponding aotions, we estimated the 

following number of warnings as useful; 

In the olass AAPW actions as intubation, induction, laryn

goscopy and administration of (vasoactive) drugs, may some

times disturb pART and/or HR and/or MPAP in such a way that 

the generated warning is useful. Say for each action, one 

disturbance results in a quarter of the studies and in 1/3 

of the variables, then we estimate the number of useful 

warnings in class AAPW on S (that is 1/12 f~om the warnings 

in this class). In the olass ASPW, actions such as cannula

tion, sternotomy, cauterization, pericardotomy, mediastinal 

dissection and closing of mediastinum and skin may som@

times disturb one or more of the signalS PART, HR, MCVP and 

MPAP in such a way that the generated warning is useful. 

say for each action one disturbance results in a quarter of 

the 6 studies and in 1/3 of the variables, then we estimate 

the number of usefUL warnings in class ASPW on 23 (that is 

1/12 from the warnings in this class). For class ANW we 

only make the rough guess that no more than 50%, that is 40 

warnings, might be useful. Taking together the (possibly) 

useful warnings from AFW,AFW(A) , ASPW,AAPW and ANW we come 

to a total estimated number Of useful warnings of 90 that 

is 12% of the warnings in the 6 studies. When we exclude 

the 40 warnings in ANW we come to a total of 50 that is 7% 

useful warnings. 

~he contribution to useless warnings is mainlY caused by 

the outspoken artifacts, class (AAPW(A») and by the manipu

lations of the surgeons which result in small artifacts in 

class (ASPW). Because of their specifio signal behavior it 

must be possible to realize an on-line detection and 

suppression of the artifacts in class AAPW(A). To this end 
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a preliminary study was perrormed (Coolegem 1984) and an 

extension to the disturbance detection algorithm is being 

developed. This is meant for suppressing the artifacts in 
PART and HR as caused by flushing and sampling of the ar

terial line. It can be derived from fig.5.2 that this way, 

about 120 (269-l5~MPAP-MCVP-RESP) warnings can be 

suppressed and therewith the percentage of useful warnings 

may be increased to 8 a 15%. 

Alcover et al (1984) came to a comparable conclusion about 

how to deal with the contribution of artifacts to false 

alarms. They investigated computerized arrhythmia detection 

in the ICU during an la-month period. The incidence of 

false-positive diagnoses ranged between 10 and 20 in 1000 

beats. Movement artifacts accounted for 55.3~ of all false 

positive- diagnoses. 0.8% or all interpreted beats were 

false negatives, and 3.8% were true positives. They stated 

that; "artifacts often cause full-scale deflections with 

nonphysiologic amplitude and time constants. If analysis of 

these artifacts characteristics could be included in the 

computer algorithm, the incidence or false-positive diag

noses would be significantly decreased". 

In principle, the test as described in this section, 

can be performed with various thresholds (n*d
k

) for the 

generation of warnings. In this way the inventory of clini

cally significant changes which was started above can be 

extended. 

However, we tried to get an impression of those clinically 

significant changes by observing the important actions not 

generating a warning. The following important changes were 

registered: about 5 slower changes (trends) and 5 changes 

in bloodgas values, electrolytes and fluid balance manage

ment Were observed to be action initiating. For these, a 

warning would have been useful. Bowever, the generation of 
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warnings for these changes is also not without problems. 

The not continuously available data can as yet not be sam

pled by DADS (sections 2.3, 6.2), and, the generation of 

warnings on slow trends will probably increase the problem 

of superfluous warnings. Namely, the oontinuous stream of 

information and therewith the number of trends to be moni

tored by the anesthesiologists in the OR is ena~oUs. So 

the relative number of trends for which a warning is useful 

will be even smaller than in the Case of the strong distur

bances. 

Concluding: it will require extensive research before 

valid solutions will be available which enable a system 

like DADS to warn exclusively for those changes which are 

clinically significant. At the moment we think that the 

solution might be found in the application of expert sys

tems (Schaor 1986). In the knowledge base of such a system, 

specific properties of the signal behavior can be stored, 

e.g., regarding concurrent changes in the signals. It fol

lows clearly from the test that often changes in related 

variables aooompany the actions of the medical staff. By 
always showing a red background behind each variable while 

their behavior is strongly correlated a redundancy of warn

ings results. Raison et al (1968) used this redundancy in

itially to lower the number of false warnings in their ICU. 

They stUdied the e!!icacy of alarms on the ECG and the 

pulse rate (from arterial pressure). DUring a 44 hours 

watch over eight days, ten patients passed through the two 

bed station monitored by a single console. "A huge number" 

of 160 false ECG alarms and 113 false Arterial pressure 

alarms Was registered. They also watched over a period 

twice as long (21 patients), but this time only the coin

cidence of ECG and arterial pressure alarms was registered 

and only eight false alarms resulted. 
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The efficacy of warnings can also be considerably 

enhanced when the actions of the staff such as sternotomy, 

drug administration etc. are (automatically) known to the 

system. For instance, when the system has an electrical 

connection with an infusion pump it could detect the ad

ministration of vasoactive drugs and adjust its warning 

mechanism accordingly (of course, again on the basis of the 

expert knowledge) (Beneken and Gravenstein 1986). 

In a study by Mitchell et al (1983), into the useful

ness of respiratory alarms on the ICU, the following impor

tant conclusions were made; 

-Useful alarms do not occur frequently. This is in agree

ment with our findings: per anesthetic procedure only about 

l2 of the 120 warnings were useful which corresponds to 2 

per hour. 

-In spite of or rather, because of the low frequency of 

useful alarms the computer based system is effective. rt 

provides a backup to remind the staff of the infrequent 

alarm states they fail to detect. Our opinion is that this 

conclusion is in agreement with the use of warnings by 

DADS. Namely: If a clinically significant situation remains 

undetected, it may give rise to a critical incident. During 

anesthesia the occurrence of such a critical incident is 

often not immediately recognized and sometimes only detect

ed afterwards. Because the disturbances as detected by 

DADS are indicated immediately, it is likely that the 

detection of critical incidents might be improved. There

fore it is important to proceed with the optimization or 

disturbance detection algorithms until those critical in

oidents which may be prevented by an early warning in DADS 

can be recognized. 
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5.3. controllability of Anesthesia 

5.3.1. Introduction 

In section 3.4 we described the Dardisplay of DADS. 

This display, based on the principle of the artificial hor

i~on, enables the anesthesiologist to check at a glance 

whether ten of the most important signals are within an 

(adjustable) normal range. The concept of the bardisplay 

stems in fact from the following assumption; controlling 

the patient's signals within defined ranges is possible and 

is beneficial for the state of the patient. 

In this paragraph we will describe a pilot study per

formed to obtain an impression whether DADS with the bar

display tends to influence controllability of anesthesia. 

In section 4.4 we mentioned that the number, duration and 

magnitude of disturbances can be ~sed as possible perfor

mance criteria. These three performance criteria are, in 

fact, combined in the following controllability concept: 

"The error of control in a variable is defined by the 

area between the signal and the normal range on the bar 

display dUring the time that the signal is o~t6ide this 

range" • 

5.3.2. Method 

The starting-point Was to collect data from two popu

lations: a control population (-D) where monitoring took 

place by means of the standard front-end equipment, and a 

population (+D) in which DADS could be used in addition to 

the standard front-end equipment. It was not possible to 

compare data from the control population with those ob

tained from a g~oup exclusively monitored by means of DADS, 

because the front-end equipment could not be replaced by 

DADS (section 3.2). Reasons for this were that: 

l' the signals have to be preprocessed by the front-end 

section 5.3.2 129 



equipment before they are suitable for input in DADS and 

2' at that stage of the investigation the anesthesiologists 

were not yet SUfficiently acquainted with D~DS to be able 

to do without the frontend equipment. For these reasons 

DADS could not be positioned closely enough to the patient 

to permit its exclusive use. 

In the +D situation the bardisplay functioned as the 

main display. However it was permitted to 8xchange the bar

display with a graphical display. The numerical display of 

DADS was kept at a fixed layout. In the -0 situation the 

data displays of DADS were blanked. However, in both moni

toring situations DADS WaS used as the unit for automatic 

registration of the patient signals and for recording ot 

the data concerning the protocol of the study. 

Apart from the quality of monitoring, there are, of course, 

other (more important) factors which influence the behavior 

of signals during anesthesia. These are: the patient, the 

type of operation, the anesthesiologist, the surgeons and 

probably many more factors. 

~rotocol; 

The following arrangements were made with regard to 

these main factors which influence controllability and 

therewith the character of the sub-populations included in 

the study. 

The anesthesiologist; Three anesthesiologists were in

volved in the experiment. This Qdded Ohe degree of freedom 

to the study. Not two 5ub-populations resulted from the 

study but six (fig 5.4Q), i.e. three groups, each with half 

(5) of the stUdies with and the other half (5) without mon~ 

itoring by DADS. 
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Fig.5.4 This scneme indicates between which sub-populations 
tests were performed in the study (marked with arrows) (a), 
whicn controllability values were computed (b) and which 
tests were performed (c). 
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Type of operation and the Patient: The study popula

tion consisted or 30 patients, all subjected for the first 

time to coronary artery bypass surgery in the period from 

August 1984 to February 1985. The patients were premedicat

ed with lorazepam and morphine. In all patients, an arteri

al line and a Swan-Gan~ catheter were introduced. The 

anesthetic technique used was one of pancuroniurn and high 

dose fentanyl (and etomidate and/or alfentanil if neoes

sary). The method of monitoring, with or without DADS, was 

randomly assigned to the patients included in the study. It 

was agreed that in some cases the patients would be exclud

ed from the study according to the following: 

~Unab1e to come from bypass without help rrom e.g. a bal

loon ~ump. 

-Unexpeoted occurrences during an operation n@oessitating 

an additional surgical intervention. 

-Intraoperative death. 

-lncompleteness or study measurements. The study continued 

until the requireQ number of 30 patients was reached. 

The surgeons: During the bypass phase of a cardiao 

surgical prooedure, signal behavior is primarily influenced 

by the surgeons and perfusionists. Thererore, this phase or 

the operation was excluded from the studies. Two 

timeperiods remained: 

I' rro~ the start of induction to the start of bypaSS. 

2' from the end of oypass to closed skin. 

computed surfaCes: 

In figUre 5.4b the surface areas which were chosen to 

bs representative for the error of control are given. These 

surface areas will be computed over several tirneperiods, 

variables and parameters and subjected to tests in order 

determine whether they are in(luenced by OADS as a monitor-
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ing system. 

Timeperiods: The surface areas will be computed over 

the two timeperiods which have been mentioned above. 

Variables: There is no agreement yet in the literature 

about the most essential set of signals/variables for moni

toring dUring anesthesia. Depending on the type of pati@ot 

some prefer haemodynarnic parameters others respiratory 

parameters. In our case, the participating anesthesiolo

gists, preferred haemodynamic variables and a ventilator 

essential for automatic ~ecording of respiratory signals by 

DADS was not available during the stUdy. Thus We chose as 

the 6 control variables the systolic, mean and diastolic 

arterial pressures, the mean central Venous pressure, the 

mean pulmonary arterial pressure and the heart-rate. To

gether with "l'delta", the difference between core and skin 

temperature, they constitute the 7 variables presented on 

the bar- display during the study. 

With regard to the width of the normal ranges, we could not 

find sufficient guidance in the literature. Therefore, we 

chOSe ranges of -15%--+15% around the selected absolute 

normal or target values of the variables. This was mainly 

based on our previous experience with normal fluctuations 

in arterial pressure and heart rate. Contrary to the 

description of the normal bands in section 3.4, it was con

sidered important for this stUdy to giVe the normal bands 

all the same physical width on the screenr this to stress 

the horizon function of the bar display. The alarm limits 

were scaled accordingly. 

l'he following rules of thumb were followed tor the 

determination of the norrnvalues to be used at the start of 

the first timeperiod: Normvalues for PSYS, MAP and PDIA 
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have to be chosen in suoh a way that adequate organ perfu

sion is warranted. Normvalues for ~cvp and MPAP have to be 

based on preoperative catheterization values. If these were 

not available, normvalues had to be chosen after placement 

of the Swan- GanZ catheter and before induotion. The upper 

limit of the normal range of the MCVp is 15 mmHg. The 

normvalue of the heart-rate must be chosen in such a way 

that the lower limit of the normal range stays above 50 

beats/min. In situations where it became evident that a 

signal could no longer be controlled within the planned 

normal range without detrimental effect for the patient, 

resetting of a normvalue was allowed. 

Parameters: There are, in principle, numerous ways to 

define and measure controllability. When monitoring and 

controlling a patient, we may assume that the anesthesiolo

gists are using a kind of model. Knowledge about this model 

is our ultimate goal. This knowledge alone can lead to im

provement in monitoring and control systems. Therefore, we 

defined the error of control in a number of different ways, 

each yielding specifio information about signal behavior 

and thus possibly about the actual models used by the 

anesthesiologists when monitoring and controlling a pa

tient. The basic definition we chose for the error of con

trol has already been given and is directly related to the 

method of data presentation on the bar display and thus 

(possibly) to the method of controlling by the anesthesiol

ogists when they were using DADS. 

The following are the definitions we used for the er

ror of control: 

1. The surface area outside a zone of -15% to +15% around 

the (adjustable) normal zone (fig.5.5a) 
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n~ the norm or control value as set by the anesthesiologist 

Fig.5.5a The 1st and original definition for the 
error of control: the surface area outside an 
adjustable normal (N) zone. 

However definition 1. does not take into account that the 

surface area may have been created with only a few strong 

fluctuations or with one very long but minor deviation of 
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th€ norm~one. To include this aspect we used an additional 

param€t€r: 

lao Th€ number of crossings minus one through the limits 

of the normzone. 

The values calculated according to definition I, lack the 

followihg information: surface area that results from wrong 

settings of normvalues while the signal behavior as such is 

rather stable without slow trends. This extra information 

is covered by the second definition for the error of con

trol: 

2. Th@ surfaoe area outside a zone of -15% to +15% around the 

mathematical mean of the variable (fig.5.5b). 

The difference in surface ar€a, as calculated according to 

definitions 1 and 2, can be interpreted as a measure for 

the improper placement of the normvalue. 
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Fig.5.5b The 2nd definition used for the error of 
control. The surface area outside a zone around the 
mathematical mean (M). 

Even so, the model on which the control actions of the 

anesthesiologist~ are based may not be completely described 

by these definitions. 
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Fig.5.5c The 3rd definition used for the error of 
control: the surface area outside a zone around the 
running average (AV). 

A model can be envisaged where the anesthesiologists try to 

obviate fast changes but which adapts to slow trends, of 
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course with the restriction that the actual values stay 

within reasonable limits. This is expressed by the third 

definition of the error of control: 

3. The surface area outside a zone of -15% to +15% around 

the running average of a variable (fig.5.5c). 

Apart from the total error of control also, seperately, the 

errors with respect to the upper and to the lower limit of 

the zones were computed. Thus 10 controllability parameters 

resulted. 

computations: 

For each patient included in the study, controllabili

ty was calculated over two timeperiods, for 6 variables and 

for ten parameters. 

A special program, an extension of the REPOnT program 

as mentioned in section 3.7, was written for the off-line 

computation of the surface area's. In this program the 

DADS-file was scanned twice: In the first run the data 

points belonging to an artifact (for definition see section 

5.2.2) Were mar~ed (see below). Also, the running average 

and mean deviation were updated with the 15 second data 

points, with exclusion of those which were marked as an ar

tifact. In addition, the file was checked on the messages 

stating that one or more variables on the bar display had 

been rescaled. At these points, the zone around the normal, 

and the mathematical mean over the previous interval with 

its corresponding zone, are computed. with artifacts and 

mean zone determined, the 120 controllability values can be 

computed in the second run. 

In this run the point5 marked as an artifact are ex

cluded from the controllability computations. The impor

tance of this measure is illustrated in table 5.1. 
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Table 5.1 

A sample of surfaces for study 2 as computed for 
FsYs with r~Sp8ct to the normal zone. In the lower 
part of the table the samples marked as artifact 
were not included in the surface computation. 

VARIABLE TIME INTERVAL NUMBER OF AREA AROUND 
PERIOD (hours) SAMPLES NORMAL ZONE 

(mmHg.15sec) 
above/below 

PSYS T1 9.06.00-10.12.00 264 1388 93 
with -----------
artif. 1388 93 

T2 12.39.00-12.51.15 49 0 1006 
12.51.15-13.07.55 67 54 12 
13.07.55-13.27.00 76 567 0 

------_ ..... _ ........ 
621 1018 

PSYS Tl 9.06.00-10.12.00 239 284 7 
without -----------
artif. 284 7 

T2 12.39.00-12.51.15 49 0 1006 
12.51.15-13.07.55 48 20 12 
13.07.55-13.27.00 72 348 0 

-----------
368 1018 

In the first timeperiod, 3 artifacts such as sampling 

of the arterial line corrupted the actual area calculation 

of 391 by a factor 3.5 to 1481. It is clear that this dis

tortion of the values is unacceptable. To assure the detec

tion of most artifacts, DADS was equipped with a key for 

artifact marking. At occurrence of an artifaot, the opera

tor of DADS pressed this key. In the program for surfaoe 
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area calculation a special algorithm was included to deter

mine those data points around such a mark which belong to 

the artifact. Those points were excluded from surface area 

computations. This algorithm is described in Appendix 5.A. 

Operator tasks: 

AS mentioned above an operator for DADS formed part of 

the team and was responsible for the procedures related to 

this study, his tasks were the following; 

-TO enter the necessary commands to define or reset norm

values. 

-TO call the graph-display i! the anesthesiologist pre

f@rred this for monitoring. 

-To enter data by keyboard which are essential for a com

plete record of the surgical procedure but which are not 

automatically entered in DADS. These data are the admin~ 

istered pharmaca, the events, bloodgas and electrolyte 

values. 

-To mark possible artifacts by means of the special ar

tifact key. Occurrences for which an artifact mark had to 

be given included: Cardiac Output determination; manipula

tions of the table, transducers and catheters; sampling. 

flushing and drug administration through a measuring 

catheter. These artifacts are indicated by means of an as

terisk in the event list of Appendix 2.E. 

Finally, it is obvious that the operator had to maintain a 

neutral standpoint in that he must refrain from actions and 

remarks which could in!luence the controllability study. 

Performed tests: 

By means of statistical tests the controllability 

values were compared. 
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TWO hypotheses were tested; 

HOI: The display tormat with which the variables are 

presented has no influence on the error ot control. 

Because the material allowed it, the following subsi

diary hypothesis was tested: 

802: The error of control does not depend on the attending 

anesthesiologist. 

The statistical calcUlations were performed with programs 

from the SPSS paCkage. The distributions followed by the 

controllability values are unknown. Therefore non

parametric tests were used (Hollander and Wolfe 1973). 

To test HOI (two subpopulations, k~2) the (two~tailed) 

Mann-whitney/wilcoxon test was applied. 

To test H02 (three subpopulations, k=3) the Kruskal-wallis 

test was used. 

The pertormed tests are summarized in figure 5.4c. 

5.3.3. Results 

controllability values were computed for the thirty 

patients. One patient was excluded from the study because a 

balloon- pump was used. Thus a supplementary stUdy was per

formed. All patients but one had a medical history of myo-

cardial intarction; 27 patients were kept on a 

dose of fi-blockers, 17 had a maintenance 

antagonists, and 26 of nitrates. 

maintenance 

dose of C~-

Before the execution of the statistical tests a check 

was performed to determine whether the dependent patient 

142 Section 5.3.3 



variables (e.g. New-York Heart Association class (NYHA), 

duration of the procedure, Extra Corporal Circulation (ECC) 

time, aorta clamping time, average age, blood~pressure be

fore induction) were equally distributed over the sub

populations, and thus did not bias the tests. In table 5.2 

the NYRA values and average age for the sub-populations are 

given. No significant differences occur. The same holds for 

the blood-pressures before induction. 

Table 5.3 presents the distribution of the mean length 

of the various time intervals over the sub-~opulations. In 

this table the Eee and aorta clampinq time in the B +D 

group are signi!icantly shorter than in the B -D group. 

Another major bias on the tests may be the number of 

times the bars have been rescaled in the 0 +D opposed to 

POPULATION 

A -D 

B -D 

e -D 

A +D 

B +D 

C +D 

Table 5.2 

NYHA class and age distribution 

NYRA class 
1 :2 3 4 

o 2 J 0 

o 0 4 1 

013 1 

1 1 0 J 

013 1 

o 2 1 2 

Section 5.3.3 

AGE in yrs. 
lUean ;old 

53.6 10.5 

53.0 10.8 

59.2 10.5 

56.0 10.2 

57.S S.4 

62.6 6.0 
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Table 5.3 

The mean length of the various time intervals 
which may influence controllability. 

Popu- Duration 
lation Tl 

me<ln sd 

A -D 71.8 6.4 

:a -D 74.0 16.6 

C -D 75.S 16.3 

A +D 74.4 6.4 

:a +D 83.4 21.1 

C +D 64.6 10.7 

Duration 
T::l 

mean sd 

55.0 7.5 

58.0 12.::l 

49.2 7.4 

53.0 10.5 

57.2 17.6 

51.6 11.7 

ECC time Aorta clamp 
time 

mean sd mean sd 

118.4 30.7 62.8 22.2 

144.8 31.7 79.2 15.2 

106.2 31.6 53.8 14.1 

131.4 44.3 68.2 28.4 

79.2 24.4 42.2 19.5 

134.S 30.1 69.4 15.5 

the 0 -D group. In spite of the rules which only permitted 

rescaling ~hen the present norm value could not be main

tained, the bar display is the main display in the 0 +D si

tuation and thus rescaling might be more accurate (and thus 

more frequent), causing a lower error of control, though 

the quality of control is not necessarily better. The 

average frequency of rescaling ~as 7.9t5.5 in the 0 -D 

group against 5.9±15.2 in the 0 +D group, thus bias was 

not confirmed. 

The main results of the performed tests are given in 

figure 5.6: 

For the Wilcoxon tests, the third column gives the number 

of significant outcomes in favor of DADS. In the last 

colUmn the number of tests which showed a higher error of 
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control with DADS are presented. For the Kruskal-Wallis 

tests the third column gives the number of times that a 

significant difference in error of control between the 

anesthesiologists was found. In this case the last column 

indicates the relative values of the error of control. 

with respect to the two hypotheses the following conclu

sions can be drawn : 

When a great number of independent tests is performed, 

it is possible that by chance, a number ot these tests have 

........ ....... ..---r----'------ .---.-.... --
Reg-ilrcl~ Il" PopulOlition T01~1 

number of 
tc~t~. 
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Fig.5.6 The results of two statistical tests, 
performed to determine the impact of DAnS (and 
anesthesiologist), on controllability of anesthesia 
are given. No significant influence of DADS on 
oontrollability could be demonstrated (Wilcoxon), 
but there is a possible significant differenoe 
between the anesthesiologists (Kruskal-Wallis). 
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a low p value. Only when th~ number of significant p-values 

e~ceeds 5% of the total number of t~sts (column 4), can it 

be stated that the Dutcome of the tests was significant. In 

this study, the parameters subjected to testing ar~ not in~ 

dependent thus this limit of 5% should probably be set at 

an even higher level. This implies that only the v3+D -D 

tests give rise to a result which is probably significant. 

Thus; 

HOI: No significant impact of the display format with which 

the variables are presented, on the error of control was 

shown. 

H02: There is reason to presum~ that the attending 

anesthesiologist has a significant influence on the error 

of control. 

Apart from these conclusions some interesting tendencies in 

the results can be pointed out: 

l' Although controllability was not significantly better 

with DADS, it certainly was not worse either. In the O+Dj-D 

tests, 5 tests were in favor of DADS (column 3) with an 

average p value of 0.033 and 0 tests were worse with DADS 

(last column). When we consider the A,B and C tests we con

clude that both A and B show a tendency to be positively 

influenced by DADS but that this positive result is nulli

fied by C where 8 controllability values are significantly 

worse with DADS. 

2' The improved controllability is, in most cases, tound in 

the second timeperiod. One reason for this may be that con

trollability is better after the heart has been "repclired". 

Another possible reason is th~t, in the first timeperiod, 

the anesthesiologists learn to know the dynamics of the pa

tient concerned (in terms of sensitivity for drugs, abso

lute signal values) and thus are better able to ~et the 

correct norm values and to control the signal behavior. 
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3' On average it seems from the v tests that the error of 

control for B is on a somewhat higher level than for A and 

C. 

4' From V3+0 -0 and V3-0 it follows that there is a differ

ence in the controllability values of a and B. In V3+D this 

difference has disappeared. From A+D/-D and B+D/-O we see 

that both show a tendency to do better with DADS. Thus we 

may conclude one of the following: DADS helps B more than A 

so that they end up on the same level in V3+D; B does more 

rescaling than A so that an artificially lower error of 

control is obtained; controllability by B was influenced by 

yet another factOr. The last statement is the most likely. 

We saw in table 5.3 that for B the ~cc and clamping times 

are significantly shorter with DADS. Under the assumption 

that these shorter times may reduoe the error of control in 

timeperiod 2, this might be the explanation of this result 

in the controllability tests. 

In figures 5.7 to 5.10 the p-value distributions for the N 

parameter group are plotted, both for the O+O/-D population 

and according to the anestheSiologists. For the 0 and the A 

tests the expeoted tendency towards improved control with 

DADS can be seen. For the Band C tests no shifts are 

present. Improved control by B with DADS occurred in the M 

(2*) and AV (2*) values. This is not that surprising when 

we know that the rescale frequenoy of B equals 12 as op

posed to 4 for A and C. In this way the error of control 

according to definition one (N) for B was kept artificially 

at a certain level both with and without DADS. 
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Fig.5.7 - 5.10. The p-value distributions for the outcomes 
of the Wilcoxon tests on the error of control according to 
definition l are given. Tendencies in favor of DADS can be 
seen in the 0 and A tests. 
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5.3.4. case studies 

In section 5.3.5 we will continue with a further dis

cussion on the above results, dealin~ particularly with 

possible reasons for the low significance of the study out~ 

come. 

Previous to this discussion, some samples of signal 

behavior with the corresponding error in control will be 

presented below. The samples were chosen on notable proper

ties such as a high error of control with respect to the 

zone around the mathematical mean (M), versu~ a low value 

around the norm zone (N) etc •• Apart from this, they are 

illustrative for all the possible combinations in surfaces 

around the norm, mean and average ~one5. To show a possible 

relation between signal behavior (and thus controllability) 

and medical interventions, those interventions which seemed 

to be of influence on signal behavior are also ~iven. For 

studies 1,2,14 and l6 the graphs for two timeperiods and 

for study 20 the graph for the first timeperiod are given. 

Further comments on the samples are given in the legends. 
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Fig.5.ll Note: -relatively high N v~lue tor PSYS due to a 
number of minor transgressions of the zone (compositing 
surf~ces marked with arrows) . 
-rise in MPAP at induction. 
-considerable fluctuations in MCVP around 8h50, cause unk-
nown. 
-oscillating signal behavior in the blood pressures start
ing at 9h06, cause unknown. 
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5.3.5. Discussion 

Above we dealt with the results regarding the influ~ 

ence of monitoring (and anesthesiologist) on the oontrolla

bility of anesthesia as obtained in a pilot stUdy consist

ing of 30 patients. No unambiguous significant results were 

found. The question is now, what are the possible reasons 

for the low signifioanoe? The low level of significance im

plies that DADS in its present form has no relevant impact 

on controllability. However, because of the positive ten

dencies whioh were apparent, it is more likely that there 

are other causes for the outcome of the tests. One possi

bility is that the time the anesthesiologists were able to 

spend on becoming acquainted with DADS was too short 50 

they were not yet able to make optimal use of the new moni

toring facilities provided by DADS. This may be partly true 

but the small sample size is a factor of more importance. 

For a small sample size it is diffioult to detect small 

differences between the sub-populations. When no differenoe 

is detected this does not neoessarily mean that no differ

ence is present. Thers is a chance fi which incrsases with 

decreasing sample size that a oertain difference stays un

deteoted (Freiman et al 1978). For normal distributions 

this chanoe can be computed and at an a of 0.05 and a sam

ple size of 30 the chance that a shift of 10% is missed is 

about BO%. For the non-parametric tests which had to be ap

plied in this study this chance p is still greater. 

Apart from the sample size, a factor which probably 

obscures the possible shifts in controllability even more, 

is the enormous variability in the controllability values. 

For instance, over the thirty patients the error of control 

in the PSYS ranges from 100 to 2500. An attempt was made to 

detect factors which may cause the variability. From scan

ning the relevant patient data, e.g. age, se~, premedioa-
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tion, preoperative blood-pressures, it followed that the 

blood-pressure upon arrival in the operating room might be 

a factor of influence. Therefore a Wilcoxon/Mann-whitney 

test was applied to detect whether a high blood-pressure 

(PSYS>~l60mmHg and/or PDIA>-95mmHg) determined as the mean 

over five minutes before induction, has a significant 

(P<O.05) influence on the controllability of the arterial 

pressures. Of these tests 2l% Were signiticant, with l7% 

concerning the controllability in the first timeperiod. 

Thus the controllability is amongst other things strongly 

related to the blood-pressure before induction. From this 

fact we can derive the suggestion, that in a later study 

variability might be diminished by trying to better regu

late these patients with a high blood-pressure by means of 

a stronger premedication. 

If the assumption from which we departed, that a lower er

ror of control might be related to improved patient care is 

true, this adjustment of premedication should also ~e in 

the interest of the patients. 

However, this assumption can be made the subject of exten

sive discussions. Of course most major or long-lasting 

fluctuations are undesirable. But it is also undesirable 

that a patient should be anesthetized more deeply than re
quired. For each patient a threshold value exists, above 

which the state of the patient is more or less unstable 

(higher error of control). Below the threshold, anesthesia 

may become too deep, while the error of control probably 

stays for a while on the same level. rt is the art of 

anesthesia to balance around this threshold (see section 

2.2). With this and comparable studi~s, perhaps support can 

be given in the peroperative determination of this optimal 

threshold in depth of an~sthesia for each patient. 
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1'>.4. Summary 

with the studies described in this chapter we tried to 

determine objectively the degree of influence of DADS on 

the course of anesthesia. TWO tests were developed and ap

plied: The first regarded the disturbance detection algo

rithm of DADS, the second measured the "controllability" of 

anesthesia. 

In the first test it was investigated whether the new warn

ing method of DADS indeed warns for signal changes which 

are clinically significant. This was done by determining 

the relevance of the warnings after observation of the re

lated actions of the medical staff. The method of investi

gation worked satisfactory. It led to the oonolusion that 

between 7 and 12% of the warnings is useful. If a number of 

artifacts i6 suppressed this number can increase to between 

a and 15%. Although these useful warnings are very impor

tant for the detection of Critical Incidents they are still 

obscured by a oonsiderable amount of useless warnings. 

Moreover there are about 10 useful warnings per procedure 

which are not detected by the algorithm. Several measures 

are planned to improve the contribution of useful warnings, 

such as the automated system input of medical interven

tions, the use of signal correlations and further artifact 

suppression. Although the warning algorithm needs further 

improvement, the method which was followed to obtain the 

significance of the warnings is a useful approach to objec

tively charting anesthesia management. 

The second test regarded the so called "controllabili

ty" of anesthesia. It was investigated to what degree the 

deviation of signals with respect to their normal band is 

influenced by DADS as opposed to the conventional monitor

ing equipment. For the small population which was studied 
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no significant influence of DADS could be shown. 

The error of control was not significantly lowered but cer

tainly not heightened eitherr there were some minor tenden

cies which pointed in favor of DADS. 

The cases with a lower error of control were found mostly 

in the period after bypass. This seems in the first in-

stance to be caused by a more stable state of the patient. 

Although the controllability measure was not sufficiently 

sensitive to show an influence of DADS, it did show some 

difference in 

anesthesiologists 

controllability between the three 

who participated in the stUdy. Also with 

this second performance test, interesting relations between 

interventions and signal behavior can be detected. The most 

striking signal pattern was the strong (uncontrollable) 

rise in Mean pulmonary Arterial pressure at induction. 
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6. EVALUA~lON: REDESIGN CONSIDERA~IONS 

6.1. Introduction 

In this chapter we will deal with STEP 3 and STEP 5 of 

the evaluation method as composed 

concern the so-called redesign or 

this phase the designers needed 

in chapter 4. These steps 

improvement phase. For 

information covering all 

minor and major missions and aspects of DADS, ranging from 

the reliability of the bits of the display memories to the 

value of the design philosophy of the bar display. In order 

to obtain a complete picture of all the ~uggestions, re

marks and ideas regarding either the properties of DADS or 

new requirements for DADS, a checklist was composed con

sisting of the minor and major items of interest. As an ex

ample, item 14 of the checklist, which concerns the graphi

cal display, is given in table 6.1. 

Table 6.1 

Ch@cklist of evaluation items for the graphical display 

14. The graphical display: 
14.1 Layout (g,i)* 

14.1.1 More and/or other possibilities required 
14.1.1.1 MOre grids 
14.1.1.2 Variables against each other 

14.1.2 Colors (n,g,i) 
14.1.2.1 Rod graph 
14.1.2.2 Line graph 
14.1.2.3 Axes 
14.1.2.4 Names 

14.1.3 Location of scale values (q,i) 
14.1.4 Division of the axes 
14.1.5 Present value presentation 
14.1.6 principle of the possibility to select 

different scale values for the various 
variables 

14.2 status identification 
14.3 Time axis (q,i,n) 

14.3.1 Presentation 
14.3.2 Lengths 
14.3.3 other possibilities ** 
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14.4 Use 
14.4.1 Access frequency 
14.4.2 Presentation time 

14.4.2.1 Automatic change-over to other 
displays required (q,i)? 

14.4.3 Used graph compositions 
14.5 ReadaQility (i,q,n) 

14.5.1 From what distance 
14.5.2 Character size 
14.5.3 Symbol density 

14.6 Update frequency (i,q) 

* The characters in brackets give an indication ~hich 
techniques (in order of importance) are the most suitable 
for oQtaining the information on the subject (sect 4.3); i 
stands for interview, q for questionnaire, n for 
nonOQtrusive methods, s for self observation, 0 for 
observation. For example the requirements on legibility can 
be found unobtrusively by applying the ergonomic literature 
to the properties of the displayed information. However, by 
interviewing the Users or submitting questionnaires, 
valuable information oan also be obtained. ** DADS presents 
graphs on a small nulliQer of timescales with the end point 
al~ays at the present value. Another possibility would be 
to give a free choice in both begin and end times of the 
graphs. 

The use of such a checklist guarantees that attention is 

given to all ideas which arise and that the risk of paying 

too much attention to a specific idea just because it is 

frequently mentioned by one person can be obviated. The 

checklist concerns both technical, ergonomical and utility 

aspects. In this chapter the ergonomic aspects will be 

dealt with. Until now, the research which has been done 

into operating room ergonomics concerned aspects such as 

illumination and colors with respect to surgical require

ments (Putsep 1979) or the influenoe of climatic conditions 

on the performance of the medical staff (Graafmans 1986). 

However our present interest conCern~ the work-situation of 

the anesthesiologist and more specific the ergonomic re

quirements which apply when color monitors are included in 
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the monitoring equipment. As yet not much of this knowledge 

has ~een system~tically applied to the worksituation of the 

anesthesiologist in the O~. 

Three subjects of m~jor importance will be discussed: 

-man-machine interaction (section 6.2). 

-data presentation (section 6.3). 

-equipment layout (the integrated workstation) (section 

6.4). 

6.2. Ergonomics: man-machine interaction 

This section deals with the results of the evaluation 

with respect to the man-machine interaction between the 

user and DADS: this topic required extra attention accord

ing to Doring (l976~) (section 4.3). In section 3.5 the in

teraction protocol of DADS has been described, it includes 

both commands to operate the system, e.g to change the 

presented information, and free or structured comments with 

information about the surgical procedure. The device used 

for interaction is a keyboard equipped with an additional 

set of function-keys. In section 3.8 some of the different 

types of comments were listed. They concern events, drug 

administration, bloodgas values and electrolytes, fluid 

balanoe information etc •• Schneider (1982) determined that 

a complete anesthetic record requires at least forty of 

these time-independent entries for each prooedure, with an 

additional eight per hour duration of the procedure. It is 

likely that with the progress in automation of clinical la

boratories, initially, the values which are determined out

side the OR will become available for automated reading by 

DADS. Others will certainly follow when more uniformity in 

measuring equipment is realized. However at the moment all 

these values have to be entered by means of the keyboard. 

To reduce the workload required for entry of these data in 

DADS, a special extension to the interaction protocol has 

Section 6.2 165 



been designed for improving the etticiency of their input 

and presentation (section 3.8). This extension requires 

the keyboard to be expanded with an additional 20 keys to a 

total of approximately 50 funotion- keys. Though Galer and 

~ap (1980) cite a study where it was demonstrated that sub

jects may operate successfully when 137 keys are used, 

Oborne (1985, p91) mentions some studies where other input 

devioes were shown to be more efficient for a simple task 

such as the seleoting of an item from a SCre@n. 

During the use of DADS in the operating room the 

operators also detected some drawbacks in the interaction 

by means of the keyboard. one of these concerned the scal

ing of the bar display. In figure 6.1 a time line of a 

surgical procedure is given. During this period, the opera

tor tried to maintain an optimal setting of the bar 

display. This means that norm value and alarm values were 

adapted timely to a new (acceptable) state of patient sig

nals. In this case the bar display had to be rescaled 12 

times. 

In the stUdies described in section 5.3, where rescaling 

was allowed only sparingly, the average rescalinq rate was 

4 over the two time slices, excluding the bypass phase. 

Every rescale action requires about 15 key strokes. In both 

situations time and attention required for these key 

strokes were considered to be too much. It has been sug

gested that manipulation of the limits on the screen with 

the finger tip could be a solution. For this a 50 called 

"touch screen" would be requi:t'ed. 

The remarks regarding keyboard drawbaoks as stated 

above, combined with the possibilities which may be offered 

by alternative devices, led us to perform a study in which 

the total man-machine interaction was reviewed. 

The following steps were taken: 
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Fig.6.1 During an anesthetic procedure· lasting 5 
hours, the operator rescaled the bar display as 
otten as required for an optimal presentation of 
the signals. Twelve rescale operations were 
psrformsd. 

After inclusion 
inve.ntory was 
(6.2.1) ; 

of possible additional commands an 
made of the interaction facilities 

The possible interaction protocols 
(software) (6.2.2); 

we.re studied 

The existing input devices were studied (hardwars) 
(6.2.3); 

Possible combinations of input device and interaction 
protocol were made resulting in proposals for improved 
interaction (6.2.4) i 
In the sections below these steps will be discussed as 
far as relevant for DADS. 

6.2.1. The interaction facilities 

As mentioned above, the list of requirements of DADS 
was checked. This provided us with a number of minor points 

for improvement. 
Because these improvements require commands in addition to 

the set which was given in section 3.5, some of these will 

be mentioned below 

-A type of display will be added to the facilities or DADS 
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in which two variables can be plotted against 8qch other 

(GRAPH VARIABLE), e.g. Left Atrial Pressure against the ad

ministered fluids. A command will be required to call for 

this new display format. 

-For each user it will be possible to define and save 

several display versions; So different displays can be 

saved for different prooedures or patients etc. This will 

require on-line save and call functions. 

-In the GRAPH SINGLE and DOUBLE display, an event-bar and a 

cursor line will be introduced. 

The event bar enables exact readout of the relation between 

interventions and signal behavior. 

The cursor line can be positioned at a place in the plot 

where readout of time and signal values is desired; this 

entails that a means to move the cursor line must be avail

able. 

-It must be possible to choose freely the beginning and end 

of the interval over which a GRAPH has to be plotted. 

Although this will require additional entry of these times, 

no extra provisions have to be made. 

~Some commands are added to enhance the consistency between 

the bar- and the graph commands. 

In fig.6.2 the interaction facilities including the supple

mentary commands, are listed. 
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Fig. 6.2 The interaction facilities encompass in fact both 
the human output-> machine input, such as control commands 
and data entry, and the machine output->human input that 
is, the information presentation. Improv@rnents for the 
latter will be given in section 6.3_ 

section 6.2.1 169 



In figure 6.2 both the information as presented by 

DADS (machine output -> human input) and the input of con

trol and medioal data (human output->machine input) are 

given, the commands are subdivided in categories. Apart 

form the supplementary oommands also some new categories 

were included: 

-Within the scope of the integrated workstation it is our 

opinion that in a later stage the category "Instrument Con

trol" should be expanded, for in5tance with commands to ad

just the settings on a ventilator. If this is reali3ed it 

is probable that also a category will be neces58ry whioh 

presents "Control Related Data" to the user. 

-The oategory "Data Management" is also neW. It comprises 

instructions tor obtaining off-line access to the stored 

data, e,g. those necessary for composing a list for infor

mation transfer to the ICU. 

-The category "Other Data" oontains commands to call for 

time and date and for entering "private comments" which 

will not be listed in a standard report. These commands 

have been implemented already. Besides, in this category, 

extensions are planned which will enable the user to per

form simple arithmetics suoh as converting a drug concen

tration from mg/kg/min to the ml/hour as it must be set on 

the pump. 

The elements of such a command set, partially deter

mine the requirements to be met by the input devices and 

the interaction protocol. For instance free comments cannot 

be entered by means of function-keys or with a protoool in 

which only a choice can be made from items on a list 

(menus). BeCause of its variety p~rticularly the category 

"MeoiC<ll Data" makes high demands upon the choice ot input 

device(s) and interaction protocol. 
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6.2.2. The interaction protocol 

The current interaction with DADS is basically user

driven (Kasuga ~982}t the US8r has to enter a command and 

the system (re)acts accordingly. The overall command struc

ture is a tree with branches and nodes. Every command is a 

composition of a main command, a sub-command and a set of 

arguments (section 3.5). When a user enters an incomplete 

or faulty command, the protocol switches to the "system 

driven" mode in which the user is prompted with an eluci

dating question to enter the next segment of the command. 

The available command options in every node of the command 

tree can be displayed by means of the HELP faoility (menu 

presentation). In the ~lanned extension for entry of the 

medical data some additional interaction facilities had to 

be applied to assure efficiency. For the entry of events 

and drugs the user can choose from menus. The realized menu 

software is such that the most likely entry from the list 

gets the highest priority in the menu and is presented 

first. Next, when for instance a drug has been chosen from 

the drug menu, a kind of form-filling protocol is started 

which enables the user to enter the numerical value of the 

dose in a pre-formatted line. 

This interaction protocol, though rather diverse in 

its components, is very logical. A smooth and efficient 

data and command entry is reali~ed by automatic switching 

from one protocol principle to another. This was confirmed 

during the clinical evaluation of DADS. Apart from the lack 

of a line editor, no major problems were encountered with 

the protocol and user satisfaction was sufficient. There

fore it was decided not to revise the interaction protocol 

but restrict ourselves to improvements and adjustments re

quired by the choice of new input devices. 
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6.2.3. Input devices 

Although an interaction protocol h~s 'to he adapted to 

the h~rdw~re input device(s), minor and sometimes major ad

justments are possible and, depending on the flexibility of 

the software, easy to implement. How~ver, once a hardware 

device has been selected, the choice is more or le55 final 

~nd c~nnot easily he changed. Perhaps this is one of the 

reasons that in the ergonomic literature much attention is 

payed to hardware. Several authors spend extensive discu6-

sions on the (dis)advantages of the various input devices 

(Oborne (19S5), Murray (l98l)). 

Therefore, we will cover only briefly the existing hardware 

devices with respect to their suitability for the monitor

ing environment and for DADS in particular. General remarks 

regarding the functionality of the devices are cited from 

Ohorne (l985) and Murray (1981). 

Several input devices are currently available or under 

development: 

l-touch sensitive devices 
2-pointing devices 
3-positioning devices 
4-keyboard devices 
5-reading devices 
6-speech and handwriting recogni~ing devices 

When discussing the suitability of input devices for DADS 

we must keep the following considerations in mind: 

-In the current prototype of DADS; information presentation 

takes place on color monitors. BeC~US8 of the limited space 

available in the operating room, input devices shoUld re

quire as little additional space as possible. 

-It became clear from figure 6.2 and the accompanying dis

cussion that globally two kinds of commands are required 

for interaction with DADS; Simple, uniform commands for 

operating the system, consisting of a main command, a sub 

command and a set of arguments, and medicaL data with a 
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format strongly depencting on the char~cter of these ctata. 

In corresponctence with the current implementation with a 

keyboard far interaction, we maintained the starting point 

that to enhance user friendly interaction, new device(s) 

shoulct enable per.m~nent presentation of the first two lev~ 

els of the commands. Furthermore, until the level of ~uto

m~tion reaches ~ suitable level of advancement, it will be 

necess~ry to invest in special devices which facilitate 

medical data entry. 

ad i-Touch sensitive devices 

These inclucte all the devices where input takes place 

by pointing at preprogrammed data-items, with or without an 

aid. The most important examples are, the touch-screen and 

the graphics tablet. 

Trispel and Rau (1982) developed a so~called Anesthesi~ In

formation System. In the design of this system the emphasis 

was put on a new method of man-machine interaction in the 

operating room by means of a touch screen. 1n the interac

tion sever~l favor~ble properties of the touch screen were 

employed; 

+On a single screen the course of automatically sampled 

data is presented in graphs ~longside space reserved for 

entry of standard medical data. The entry of medical data 

is performed by choosing from menus. Mostly two menUs, one 

level apart, are presented on one screen. One "key" is al

ways reserved for going back to the main menu. 

+Different colors are applied for the presentation of the 

(sub)commancts/data on a oertain level; one color is usect to 

show the items which are activated. From the activated 

items one oan be selected for entry in accordance with the 

ccmmandstructure. Th@ entry of a specific item is then ack

nowledged with another color, and a third color is used to 

indicate the items which cannot be entered at that node in 
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the command structure. 

+On their touch screen also "manipulation teohniques" are 

applied. 

Hvirtual control elements" suoh as a dial or a slide can be 

programmed to appear on the screen. By sliding with the 

fingertip over the screen the simulated dial or pointer can 

be adjusted. In this way the highest input resolution pos

sible for the soreen is reaohed because each touch sensi

tive location can be activated and has its own numerical 

value. 

It occurs quite frequently that the time at wbich a certain 

intervention is entered into the system does not correspond 

with the time of the intervention itself. Therefore it is 

important to provide the user with an easy means of enter

ing this time afterWards. In the AlS this is realized by 

enabling the user to place the cursor line in the signal 

graph at the time corresponding with a medical interven

tion. In this way exact entry of the time is possible. 

The main limitation of such a touch screen is that the 

entry of free alphanumerical text is not possible. Further

more it is considered to be a tedious job to enter series 

of data. Speoial attention is required when positioning a 

touch screen in the work environment; the user must have a 

view perpendioular to the screen since otherwise the rela

tion between the presented data item and the touch sensi

tive spot may be lost (parallax). 

The other important pointing devioe is the graphics 

tablet. Newbower et al (198la} incorporated the graphics 

tablet in a prototype system for data-entry in oomputer as

sisted reoord-keeping. In this system data-entry takes 

place by entering the data on a modified, but fairly stan

dard anesthesia record which is placed on the surface of 

the tablet. In this way data entry and conventional record 

keeping are combined. The recognition of characters by the 
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tablet is facilitated by dividing the tablet in different 

active areas: One area for plotting the course of 9 "vital 

signs" by means of 9 different symbols. These symbols are 

recognized by the tablet and in this way the course of the 

signals Can be stored automatically. An area is reserved 

for drug and fluid administration. The name of a dru~ is 

entered by touching the name in a list on the reoord. The 

entry of doses is accomplished by writing the appropriate 

value numerically in line with the previously entered drug 

name and with the correct time of administration. In yet 

another area the remaining information is entered. 

In this example all data are entered manually. It is also 

possible to plot automatically sampled data on a record and 

enter the remaining data manually on the same record. Such 

a device for semi-automated record keeping was designed by 

Gravenstein and Paulus (1986) and is commercialiy avail

able. 

Since, for DADS, flexible data presentation by means of 

color monitors is the starting point, the use of a graphics 

tablet would have the disadvantage that the set-up is more 

extensive. Besides it does not seem logical to enter com

mands to control the presentation on the monitors via a 

separately positioned graphios tablet. For procedures where 

flexible data presentation is not required, manual data en

try is favored for reasons of vigilance, or automated data 

sampling is not available, the graphics tablet seems a very 

suitable dBvice. With progressively improving techniques 

for the recognition of handwriting, its use will become 

less restricted to symbols; this will eventually make its 

application more common. 

ad 2-positioning devices: 

Apart from the well-known cursor control keys imple

mented on almost every keyboard, there are other devices 
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which can be used to position a cursor on a data item which 

is to be entered, erased or replaced, or which has to be 

indicated for other reasons e.g. because knowledge on that 

specific subject is required. The most important examples 

are the joystick and the "mouse". 

The mouse is the newest positioning device. It has the 

shape of a pack of cigarettes, is attached to the computer 

and can be moved with a very high precision in every direc

tion over a flat surface. The cursor moves correspondingly 

on the screen. 

A joystick does require much less space but does not allow 

the same precision. A small movement with the joystick may 

result in a large movement of the cursor. 

Whatever device may be chosen as the most appropriate, the 

positioning of a cursor takes more time than a single key 

entry and it is an additional control task which directs 

attention away from the patient. Therefore, its application 

is only useful when it can replace the regular entry of 

several keystrokes as in the system described by Trispel 

and Rau (1982) where the entry of time is not needed. 

ad 3-Pointing devices: 

A device which is comparable to the mouse, in that it 

can be used to select items on a screen and to the touch 

screen in that coordinates of the selected item are record

ed , is the lightpen. It is a pencil shaped device which is 

mainly suitable for the tracking of lines for entering 

their coordinates into a computer. Its application is 

amongst other things found in systems for computer aided 

design where the attention of the operator has to be 

directed only to the screen. Its application is not suit

able for DADS. 
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ad 4-Keyboard devioes: 

These include all devices where entry takes place by 

means of keys, varying from the commonly used alpha

numerical keyboard to function keyboards and softkeys. 

~By means of the alphanumerical keyboard all data oan be 

entered and all interaction protocols are possible. Howev

er, for entry of only one item e.g. the name of a drug, 

quite a few key strokes may be required with the possibili

ty that errors occur resulting in a low efficiency. 

-A function keyboard consists of keys with a fixed meaning, 

for entry of an item which otherwise would require a few 

keyboard entries. Function keyboards are easy and fast to 

operate and do not need any speoial skill. Typing errors 

cannot occur and thus the echo of entries on the screen is 

not necessary, although a provision for acknowledging an 

operation is advisable. 

However, function keyboards are static hardware devices 

with the only flexibility, that other functions can be as

signed to the keys. Mainly because of the nuruber of dif

ferent medical data which must be entered, the control of a 

monitoring system such as DADS would at the moment require 

too many function-keys. Therefore, function-keys are 

currently not suitable to be the only means for command en

try. 

-Pads with softkeys are in fact function keyboards with a 

limited set of keys, the meaning of whioh oan be ohanged 

depending on the node in the command structure. The momen

tary meaning of the key is presented on a display adjacent 

to the keys. Softkeys are easy and fast to operate and 

flexible. The number of keys can be limited even in ela~ 

borate applications. However to present the meaning of the 

keys, some space on the display is required. For every step 

in a command, a selection fro~ only ~ li~ited set of data 

items is possible. The corresponding interaotion protocol 
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will thus be mostly menu-based: free commands and comments 

are not possible. 

ad 5-Reading ?evices; 

Some preoperatively obtained data such as demographic 

data and data from the medical history of the patients are 

essential for a computerized monitoring system in the 

operating room to enable complete record generation and 

Apart from typing and the possibilities as provided by au

tomation (communioation lines, floppy disks) these data can 

be stored on special information carriers such as bar codes 

and magnetic cards. By means of the corresponding reading 

device the information can be simply retrieved and stored 

by the monitoring system. Also for peroperative data this 

method of data entry may be suitable: Trispel et al (1981) 

performed a test to compare the speed of data entry con

cerning blood infusions by means of the touch screen based 

protoool of their Ars and a bar oode reader. With the 

latter teChnique, the time for entries regarding blood in

fusions was reduced to 30% of the original time. 

A bar oode reader has been extensively applied in the 

automated patient monitoring system as desoribed by Block 

et al (1~65). In the "DAME" system all data which could not 

be collected automatically were allotted a bar code and 

w€re enter~d by means of a bar code reader. The data in

oluded both commands to change the display, standard com

ments and administered drugs. This e~tensive application of 

the bar code scanner was unsuccessful. It was too much of a 

problem to select quickly the appropriate bar code. Also 

bar codes Were damaged because of their frequent use and 

the pressure e~@roised upon them during reading. Apart from 

this it followed that the bar code reader itself was rather 

vulnerable. Because of these disadvantages a bar code 

reader was not implemented in the second updated microDAME 
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version. Still we think that the possibilities of bar code 

readers should be investigated further. For in$t~nce bar 

code$ could be applied to the label$ on the drug syringes. 

In this way the entering of drug-doses might be simplified 

and still every code would only be used once or twice. 

ad 6-speech recognizing devices: 

Sarnat et al (1981) performed a preliminary evaluation 

of computerized speech reoognition for anesthesia. A number 

of anesthesiologists wa$ trained to use certain groups of 

words and short phrases. In sessions as yet outside the OR, 
the percentage of word$ recognized was determined. The 

overall recognition percentage was 95.9 percent which was 

judged as acceptable. Based on this outcome Sarnat (1983) 

work$ at 

of $peech 

sion of 

a subsequent more powerful system. The advantage 

entry is that it oan be applied without suspen

the other (manual) tasks to be performed by the 

anesthe$iologist. Therefore, in mO$t O~$es, it will ~l$o be 

pO$sible to enter the information at the exact time of 00-

currence of the intervention or event and this is very ad

vantageous for the accuraoy of the anesthesia record. 

Though, it is a type of devices whioh is growing fast in 

importanoe, for as now they are in a too experimental stage 

for considering implementation in DADS. 

Conclusions: 

A number of currently available input devices was re

viewed. With respect to their suitability for DADS we come 

to the following conolusions: 

-Touch sensitive devices: The touch screen seems very suit

able for implement&tion in DADS but a solution must PB 

found for the entry of free text. The graphics tablet rB

quires too much addition&l space and is not suffioiBntly 
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flexible. 

-Pointing devices: not suitable for DADS. 

-positioning devioes: Cursor positioning is necessary for 

some entries. The oonventional oursor control keys need the 

least space. 

-Keyboard devices; the function-keys and soft-key pads are 

both suitable for DADS but again a separate device would be 

required for the entry of free text. 

-Reading devices: these seem suitable for transfer of data 

from outside the operating room into the system. In addi

tion/ such devices might also be used for a more objective 

method of entering drug administrations into the system 

(seotion 8.2). 

-Speech recognizing devices are as yet not sufficiently far 

developed. In a later stage they must certainly be subject

ed to further investigation. 

6_~.4. Proposals for improved interaction 

We concluded that the touch screen, the keyboard dev

ices and the cursor control keys seem to be the most suit

able input media for DADS. we applied these devices in two 

proposals for improved interaction. The proposals will be 

illustrated by means of the control of some of the displays 

of DADS. 

In the first proposal, DADS is equipped with a touch screen 

and a row of function-keys for each of the two color moni

tors. A third touch screen is applied for functioning as a 

virtual keyboard for entry of free text and such like. 

In the second proposal the two monitors of DADS are 

equipped with a row of soft keys and a row of function

keys. A key board is used for the remaining entries. 

proposal 1 

When both monitors of DADS are equipped with a touch 

screen, this enables the application of manipulation tech-
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niques and complies with the interaction principle that 

commands regarding a specific screen must be entered at 

that screen (spatial compatibility, McCormick and Sanders 

1983). The use of touch screenS implies a menu driven in

teraction protocol. This means that all the segments of a 

DADS command have to be entered step by step by activating 

the relevant item from the menu of the actual level. This 

will result in a somewhat slower interaction because entry 

of a command in one line is no longer possible. Therefore 

it is important to prevent too many menu levels. sisson 

(1983) advised to use not more than 2 or 3 levels. To real

ize this, a row of tunction-keys is added to each touch 

screen to present the main commands. In this way these 

keys are always available for switching to another display 

and the number of menu levels is decreased. In fig.6.3 a 

possible realization of the bar display and its operation 

by means of touch screen and function-keys is presented. 

Apart from the commands which concern directly the 

format of a display, 60me general commands for data ac

quisition and for entry of free comments are still needed. 

For these entries a common alpha-numerical keyboard is al

most indispensable. It has the advantage of low cost and 

tactile feed-back. However when a small, good quality touch 

screen can be obtained, even this keyboard might be re

placed. 

section 6.2.4 181 



BAR [}15PlAJi 

W1g,til ;e~;I'l'I"~ 
~~I~~1p~~~~~~~~~~~q~:M 

44 36,1 33,S ~Rv 

rc.,,",,1' ~ "I~I<,IN VAi"c _M:TIVAUII 

Fig.6.3 A possible realization of the operation of 
the bar display by means of a touch sCreen and a 
row of function keys. A function-key is always 
availaQle to CALL directly for a bar or graph 
display. Editing of the Qar display takes place by 
two rows of virtual keys and manipulation 
techniques. In menu 1 the scale key was activated 
and the 8th bar was selected in menu 2 for 
rescaling. By manipulation, the concerning limits 
are adjusted directly on the screen. 

Such a small tOUch screen can add considerably to survey

able interaction and display and can be used interchange

a~ly as a virtual alpha-numerical keyboard to enable entry 

of free text, and as a virtual function keyboard for enter

ing fixed medical data and for performing acquisition con

trol operations (fig.6.4). 
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Fig.6.4 In proposal 1, DADS is equipped with a 
third touch screen for entry of free text and other 
data such as medical data and acquisition control 
which do not explicitly belong to one of the 
screens. 

This results in a less interrupted data display on the 

lower monitor and, depending on the tasks which were allot

ted to the lower monitor, it may also reduce the number of 

menu levels for the lower monitor. Finally, it completes 

the separation of operation functions between the screens: 

first and second monitor display selection and formatting; 

third Screen medical data entry and acquisition control. 

Proposal 2 

In this proposal the two monitors are not equipped 

with touch screens but their lowest line is reserved for a 

row of soft-key labelS Which are operated by means of a row 

of keys below the screens. Thus in this proposal the two 

monitors are equipped with two rows of keys, one row of 

function-keys and one row of soft-keys. The meaning of the 

soft key labels depends on the level in the command tree. 

In figure 6.5 a possible key arrangement for the graph 

display is presented. 
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Fig_6_5 The graphical display is presented 
including new extensions such as the oursor line 
and a bar in which the events are presented. The 
display was retrieved by a call funotion and the 
labels of the soft keys have here the meaning 
corresponding to the "change" or "create" level. 
The cursor line can be moved with the (soft) cursor 
control keys_ 

Conclusions; 

The first proposal is somewhat more sophisticated than 

the second and enables manipUlation techniques_ However, 

some more experience with a touoh screen in the OR is 

desirable before this proposal is realized_ For the moment 

we favor the second proposal. It is potentially cheaper and 
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not necessqrily a less agreeable solution. In figure 6.6 a 

schematic is given of the functions allott€d to the input 

and output devices in the case of proposal 2. 

The devices as discussed above may become 

but the underlying guidelines for selectin~ 

remain: 

outdated, 

them will 

CRT 
SCREEN 

I SOFT KEYS 

r- - - - - - - BAR/GRAPH DISPLAY (PflD) 

r - - - - - -1 EDITING OF DISPLAY ( DC) 

I FUNCTION KEYS ~ _ ~ ___ ~ SELECTING DISPLAY ( DC) 

,OlsrURBANCE DISPLAY (PAD I 
CRT 

SCREEN 
__ - - - - . NUMERICAL-CHRONOLOGICAL-\ DISPLAY 

pAt:.OPERATIVE (PRD) 

I SOFT KEYS r- - ~ - -
[FUNCTION KEY>, I--- _______ _ 

. HELP OISPLAY (CRD I 

EDITING (DC) • DATA EN1AY (MD) -
ACQI)ISITION CONTROL (AC) 

,DISPLAY 
SELECTION BETWEEN 'ACO ,CONTROL 

,DATA ENTRY 

~ - ~ ~ ENTRY OF FREE: DATA ( MD) J 
Fig.6.6 To improve man-machine interaction the two 
color monitors can both be equipped with a row of 
soft keys and a row of function-keys (left), ~his 
way commands can be entered at the screen in 
question. The communication which takes place via 
each of the devices is given in the right pqrt of 
the figure. The abbreviations stem from figure 6.2 
qnd indicate th€ character of the interaction. 
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-A command set must bs adjusted to the various types of 

users both experiencsd and inexperienced. rn the OR en

vironment there will bs always a lack of time for interac

tion; operation of the system is a subordinate matter and 

attention must not be distracted away from the patient. 

-The input devices must be adjusted to the command sst but 

the number of different devices must ~e kept at a minimum 

while at the same time entering of all types of commands 

must be easy. 

-Some flexibility must be guaranteed to enable small 

changes in the software. 

-The interaction protocol may be a comQination of all dif

ferent principles as long as a logical and easy use is 

guaranteed. 

6.3. Ergonomics: information presentation 

In the previous section, proposals which focused on 

improved man-machine interaction were discussed. In this 

section we will discuss some aspects of information

presentation: the requirements for tne legibility of (a 

series of) characters and the use of color. 

6.3.1. Legibility 

An image on a CRT screen is formed by three electron 

beams which scan the screen with a high frequency. Each 

beam illuminates either red, blue or green colored phosphor 

pixels. Depending on the intensity relations of the il

luminating beams, dots in different colors can result. The 

quality of the symbols composed of these colored dots 

depends on many factors: 

l-hardware properties of the screen such as the di5tance 

between the dots, the frame repetition rate, the focusing 

of the electron beam, etc. 

2-the luminance of the scrsen, the illuminance from the 
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surroundings, diffuse and specular reflection and the con

trast of the characters. 

3-the properties of the character set. 

ad 1 Currently so called high resolution screens are avail

able. These meet most requirements with respect to the 

points mentioned under 1. Their frame repetition rate is 

50Hz or more. 

ad 2 Leebeek (1980) gives most of the necessary information 

on this point. The luminance of fields/information on CRT 

screens is mostly between 50 and 200 cd/m2. The contrast 

between text and background is not only dependent on the 

basic contrast between the characters and the background 

which can be realized with the intrinsic luminance of the 

screen, but also on the light coming from the environment 

which is diffusely reflected by the screen. For normal 

circumstances Leebeek advices illumination values of the 

work space ranging from 250-750 lux (100 lux~> 30 cd/m2 if 

100% diffusely reflected). For the surgical work in the 

OR's this value must be higher. Oborne (1985, p198) gives a 

table in which the type of work ~s listed against the re

quired illumination of the workplace. For minute work an 

illumination of 3000 lux is mentioned. putsep (1979) 

prescribes even values of 40,000 lux at the plane of inci

sion. Of course this value will be less at the monitoring 

equipment. 

Depending on the illumination and the reflection fac

tor of the screen, the contrast on the screen will be de

cr~ased. Diffuse reflection factors may range from 0.05 to 

0.30 and it is advised, in principle for light characters 

on a dark background, that the contrast (defined as the 

luminance ratio between information (Li) and background 

(Lb)) must be between 5 and 15, while contrasts between 7 

Section 6.3.l 187 



and 12 are favored (advis~s on this aspect differ see for a 

review Oborne (1935, p200». The Dutch "arbeidsinspectie" 

(1979, p29) presents a table in which the desired amount of 

light on the screen (basic luminance plus diffuse reflected 

luminance) is given as a function of text-luminance and re

flection factor. For instance to obtain a luminance ratio 

between 5 and 15 when the text-luminance is 150 co/m2 and 

the reflection factor is 0.10, the desired illuminance at 

the Screen must be in the range of 300-900 lux. 

Apart from the diffUse reflection the specular reflec

tion may influence legibility of the information. While 

diffUse reflection is not disadvantageous as long as it is 

included in the setting of the luminance ratio, specular 

reflection is always disturbing. It means that a specific 

light source is reflected at the transition from air to 

screen. Reflection causes the screen user to focus involun

tarily on the reflected image. The corresponding superflu

ous accommodative movements can speed up fatigue. Apart 

from this the luminance ratio on the screen is locally di

minished. Generally it is required that the luminance of a 

reflected image is less than 10% of the luminance of the 

information on the screen. The luminance of the reflected 

image depends on the luminance of the reflected object and 

the so called specular reflection factor of the screen sur

face following Lrefl~Lobj*rrefl' wherein for standard 

screens rrefl=4% (when looking from a right angle on the 

screen). The best way to reduce reflection is by applica

tion of a coating on the screen surface. It reduces rrefl 

to 0.5%. A simple solution is to take care of indirect 

lighting by the screening of fluorescent lamps and windows. 

This last measure is strongly recommended. 

Apart frOm these guidelines concerning the contrast of 

the information on the screen, guidelines are given with 

respect to the mean luminance of a display in relation to 
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its environ~8nt in order to minimize adaptation effort. It 

is advised that the increase in contrast from directly ob

served (low luminance) space to other parts of the visual 

field is gradual, with steps of minimally 3 and a maximal 

total contrast quotient of 10. This guideline gives reason 

to think that a light screen background is better than a 

dark background. An exa~ple: a screen with a mean intrinsic 

luminance of 100 cd/m2 and a reflection factor of 0.30, is 

illuminated by a surrounding with a lu~inance of 3000 

cd/m2. Then it can be derived that the luminance at the 

screen is 1000 cd/m2. Because of the consiperable reflec

tion, a SUfficient ccntrast ratio of 3 between screen and 

direct surround is reached. with lower reflection factorS a 

higher intrinsic screen luminance would be required. 

From investigations by Radl (1980) and Sauer and Cavonius 

(1990) it followed that indeed a light background with dark 

characters (negative contrast) significantly enhances legi

bility. Besides Bauer et al (1981) described the positive 

influence of a light 

However, they 5ho~ed 

background on specular reflection. 

also that a disadvantage of a light 

background is that flicker is more easily observed (Bauer 

et al 1983). They determined that if 95% of their popula

tion should not observe flicker at a CRT screen with a mean 

luminance of sO Cd/m2, a frame repetition rate of 87 H~ is 

required. This is a much higher value than what has been 

found in standard studies on the 50 called critical flicker 

frequency. 

ad 3 The quantities relevant for the legibility of a char

acter or strings of characters are defined in figure 6.7. 
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The relevant parameters are 

lh ; line width horizontal line 
1 ; line width vertical line 
t Y

h : horizontal dot distance 
t P : v@rtical dot distance 
kPv : number of dots in character 

matrix (horizontally) 
r : number of dots in character 

matrix (vertically) 
M : dimension of character 

matrix (k*r) 
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Cool en (1985) obtained the requirements for these 

quantities mainly using the work of Brauninger (1983), who 

performed a detailed literature study on this su~ject. The 

si~e· of the observed o~ject must be minimally 1/150 of the 

viewing distance (which corresponds with a viewing angle of 

at least 22') with a minimum character size of 3 mm. 

Leebeek (1980) recommends that the dots of which the char

acters are composed have sharp boundaries and Brauninger 

(1983) states that the dots must be round or square and 

that oval shapes must be avoided. The other requirements 

are listed in table 6.2. These are expressed in relation to 

the character height and rated from good to bad. 

We applied these criteria for the new DADS high reso~ 

lution screens. The results of the measurements are given 

in table 6.3. The results hold for a reading distance of 

.64-.81 m. 
From table 6.3 the following can be concluded: 

-The character size is insufficient for viewing distances 

of more than one meter. 

-Line inters pacing is bad 

-The ratio between vertical dot distance and horizontal 

line width is insufficient: the vertical lines are dotted. 

-The shape and the matrix dimension of the characters could 

be better. 

-The remaining characteristics are sufficient or good. 

Coolen (1985) considered some measures to improve the 

disadvantageous properties. These included: 

+an increased line interspacing 

+an increase of character height 

+the introduction of two character sizes 

All measures result in a considerable decrease in the 

number of characters which can be presented on the display. 

Thus only the most urgent measures which have the most ef

fect can be applied. Coolen determined that it is worth 
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Table 6.2 

The requirements tor the parameters which determine the 
legibility of the characters t. 
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h 

~J.1Jl < 75'%. <: 20% G 
Iv 75 ,. 100~/n 

II -I I 
20- 40% S 

and 100· 1~oo/.;l JW ~ 40- 60% , 
Iph . 150n/.;. Ih Iv ::- 601l-/<:> B 

Ih 
-''-'~~' 

(Uncoln 
Mitre) 

7<9 G 
M 5.7 
c;::,apit;;'l$ Ij<~ S 

7.7 
4.7 I .. 

G good (IPO 
nOl'm~~1 

S sufficient 

incl. 
, In.ufflclent 

:surround) B bad 

12.10 G R recommended 

t The symbols reter to the definitions given in fig.6.7 
* This range is as advised by Den Buurman (1977). 
** The IPO normal set is a complete alphanumeric set 
both upper and lower case characters (van Nes 1983)_ 
these requirements were in fact collected for 
characters on a dark background. 
*** It seems strange that distinction such as between 
(good) and 6-7% for tl/h (sufficient) is made. 
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Table 6.3 

The qualification of the information presentation on 
a high resolution screen. 

p .... r~m~t:(!:r .jb$ol-ute rne:.o:~aH"e: relative ~ea~ure qualification 

h 4,7 rom - $¢(>d 

b 2,4 nun bih - 51% t'i\l£fi¢ient 

Ih 0,6 """ Ih/h = 13% good 

Iv 0,5 rom Iv/h = 11% good 

t, 1,0 llIIIl tl/h ~ 21% good 

tl/b = .(~2% good 

q/l > 150% ~ood 

t" 4,} rom t,,/h = 91% sufficient 

tr 2 ~O mm tr/h n 4}% bao 

tph 0,48 mm tph/lv ;; 9b% sufficient 

tpv 0,67 """ t pv/ lh " >127- insufficient 

Itph/lv-tpv/lhl 161. - ~O<>" 
shape slightly oval shaped - 5uf£ic.:d ot'::nt 

M 5,,7 - sufficient 

while to inorease the line interspacing (wa~ implemented) 

and that the introduction of a second bigger character size 

must be tried. Such a bigger character size would be appli

cable for presenting very important information such as 

alarm messages. 
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6.3.2. Use and function of colors 

This sUbsection deals with the use and function of 

color (including black and white) 50 that it can be em

ployed to achieve an optimal effect on readability (see for 

definitions of readability and legibility Mccormick and 

Sanders (1983, p89)). We will check the colors currently 

employed in DADS on their suitability and when necessary 

suggestions for improvements will be made. It must be noted 

that the suggestions given in this section do not take all 

the fundamental properties of colors into account. 

When colors are applied we have to deal with two types 

of contrast. Luminance contrast and color contrast. The 

readability of colored information on a colored background 

depends on both. 

The luminance of a color is often expressed in its lumi

nance relative to white. The colors on CRT screens are com

posed by the illumination of red, green and blue phosphors 

with the property that the resulting color is tormed ac

cording to; 

Lrel~O.30*R+O.59*G+O.ll*B 

Usually the intensity of the electron beamS illuminating 

these basic colors is either on (1) or off (O) and this way 

the standard colors which are used on almost every CRT 

screen are composed. These include; black, blUe, green, 

cyan, red, magenta, yellow, and white each with a fixed re

lative luminance according to the formula above. However, 

all kinds of other colors can be obtained by chosing set

tings of the beam intensity between 0 and 1. To this end 

Coolen (l985) developed a circuit to enable control of the 

beam intensities between 0 and l. The question is now which 

combinations of fore- and background colors provide the 

best readability. There are three papers describing experi

ments for determining the best combinations of the standard 

colors as appearing on CRT screens. 
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Bruce and Foster (1982) made a selection b~sed on the 

recognition time tor a character. Colin (1983) measured the 

number of correctly read char~Gters. Murch (1984) deter

mined the preference of the users. 

FroID their results we extracted an average judgement re

garding color combinations both for dark characters on a 

light background and the reverse. This average qualitica

tion is presented in table 6.4. 

It is interesting to compare this qualification with the 

qualific~tion which can be obtained by judging the color 

combinations exclusively on their luminance ,ratio. We men

tioned in the former section that for black and white in

formation the acceptable range for this contrast is from 5 

to 15. In table 6.5 the luminance ratio for every combina-

Table 6.4 

The average qualification 
information as derived 
investigations. 

of color 
from three 

- bad, +/- moderate, + good 

~~r. " l:J 
~ 0 " (: "" .. ... .: ill OJ Cl 

foren~ ,,... ... 0) OJ 

I~ "" " OJ groun ~ ~ :>, '" OJ ~ ~ ", 

~,ite - - - ... + + ... + 
y~llow - - - - ;t; + + l' 

cyall ~ - - ~ - ± + + 
gre",n i ± - - :!:. ±. - + 
1??"genta ± ! :!: :t - - :!: !. 
red -t + .. .. - - ± ± 
~lue + .. + .. ± - - -
hlack -t + -\ .. ... + - -
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tion of stQndard colors is given, When we judge the combi

nations on their ratio we find that only combinations of 

white, yellow, cyan and green with black or blue are ac

ceptQble. Thus this way of judging provides less acceptable 

combinations thQn thB performance tests as done by Bruce 

and Foster, Colin and Murch. However when we expand the ac

ceptable ratio to between 2 and 3 (a range which can also 

be found in literature) the corresponding combinations in

crease (table 6.6). 

We find then that the judgement of color combinations on 

luminance alone agrees for rather a few combinQtions with 

the judgement on both luminance and color contrast as given 

in table 6.4, The cause of this may lie in a dominQnt lumi

nance component in the the tested color combinations. un

til further research will be performBd, we advise the use 

of standard color combinations which have been judged as 

Table 6.5 
Luminance ratios 
for stanoard colors 

~ 
:' '" (l) 0 d w 

~"n.·c '" OJ C 
.~ --< ;J OJ g!~ 

'rt'uun "§ '" :. .... , ... 
'" U NJ 

white 1,0 1,1 1.4 1.1 ',4 
--

ye [low 1,1 1,0 1, ~ 1.5 2,2 
-'--.-- _. 
c.V;·!.I1 
....:...-. 

1,4 1,' 1,0 I,' 1,1 

gr€.en 1,7 1,5 1,Z 1,0 1,4 

m<-1gCTl~ ',4 2r~- -1;7 1.-1 1,0 _ .... 

red ,,~ ~." >,' ',0 1.4 

bl"", 9,1 ",I 6,. 5,. ,,7 

tDJ.'ck ". ~ :- :- > 
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.,1 :>-
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5,4 0>-

- - .. 
),7 :;.-

~,7 > 
-
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Table 6.6 
Qualification of color 
combinations based on 
their luminance ratio (>2) 

~
'''Ck 

OJ) 

for. gr .. ::; 

g-roun' -'i: 
white 1" t .... ... 

f--f-.- ----. --- -- ~-- --- f--
Y"[\Q'" - t +_~.:' __ ... 
CYCLtl ±" 
f-----4---+-~--e_-~.~---~-~~ 

~t~E~ .. . t + -+-
~-- ---

n"":'lgen.m ! t + ... 

re-i + :! ~ ! 

blllQ .t 

bLack -+-
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acceptable according to table 6.4: 

This resulte~ in; 
good'combinations 

light characte~s 

on dark background 

good combinations 

dark characters 

on light background 

white on magenta,red,blue,black 

yellow on red, blue, black 

cyan on blue,black 

green on black 

black on white, yellow, cyan, green, 
magenta, red 

blue on white,yellow,cyan,green 

red on white,yellow,cyan,green 
The corubinations which were given regard the use at two 

colors. When more colors are needed, we will solve dilemmas 
by means of the guidelines for color coding which will be 

discussed later on. , 

As stated above, the combinations as judged to be accept

able in table 6.4 and in table 6.6, show a rather strong 

correspon~ence. Therefore, although it is a simplitication, 

we will in the following use the luminance ratio to judge 

the suitability of non-standard colors in case these seem 
necessary to improve the use of color in DADS. 

In general, when more then one color is used for data 

presentation on a screen, the colors have a specific mean
ing. That is, the color is use~ to enhance the information 

to be presented. For instance red is often used for alarms, 
or every element within a colored frame belongs to a single 

aspect of the presented information. 

This is called color coding. Coolen (1985) and Buys (1~85) 

derived the following guidelines for color coding; 
-The number of colors used must be limited, from about 4 on 

text displays to 7 tor a graphical display. 
-The colors must have a clear function and superfluous use 

should be avoided. 
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-The luminance quotients should guarantee acceptable reada

bility. 

-The coding must be simple and consistent, i.e. it should 

not change in time and place. 

-The coding must be simple and 

should not be too many categories 

to memorize which is facilitated 

surveyable, i.e. there 

and they have to be easy 

by making the colors 

correspond to their emotional value. 

-The coding must be at least partially redundant (color 

(blindness' may occur), implying that color should not be 

the only coding dimen5ion. 

Application of the color-criteria on the displays of DADS: 

Based on the requirements derived above, we checked 

whether the use of color5 on the displays of DADS 

corresponds with these requirements, and where necessary, 

recommendation5 for improvement will be given. 

The Graphical dis~: the luminance of the colors used for 

textual information is sufficient. The use of magenta for 

the rods dOeS not belong to the best combinations. 

The Bar disElax: their use is not a~ways consistent with 

their emotional value. For instance the (safe) norm zone is 

blue instead of green. The present value is in green while 

not necessarily at a safe level. The red of the alarm bands 

and also the blue of the norm bands are somewhat too con

spicuous relative to the small white time plots. 

The numerical/disturbance/communication display: The number 

of applied colors is rather high. Only the use of red on 

black to indicate bad prooessing does not conform with the 

luminance criteria. The use of two different colors for 

presenting time and text ot a disturbance message is super

fluous. 
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With ~ somewhat ~dju5ted set of colors the Use of 

color in the bar ~nd graphic~l display can be improved: 

This set consists of 4 background and 4 foreground colors 

(table 6.7) from which no more than 7 combinations are to 

be used in each display. 

Table 6.7 

The adjusted set of color combinations for the 
graphical ~nd the bar display with their relative 
luminances. 

~ i "" g OJ 

for" gr. 'Il " I-< .-" 

'"' .-< " '" -'" OJ U 
• .-< .-< '" 'Il i H ::J '" ~round -~ g:, ~ ~ 

OJ .-< ..... 
""C> .D .0 

010r' ly,,1 

whi.te -+- + + + ~hite 1.00 

~ellow + + -I- -+ vellow O~89 

r' 
£L~.I'l + 4- -I- -I- yan 0,70 

green ± -+ + -+ iSreen 0.59 

darkgr""t -+ -+ -+ ± ~arkgreen 0.20 
r--- - :--
darkr"d + + oj. + darkred CorZO 

"". -" .. "-

191ue + -+ + -+ blue 0.11 

Iblack 4- + -+ -+ ,1aCl<. 0 

The modifications we suggest for the graphical display in

clude, dark blue for the rods, and cyan for the lines of 

the plot of related variables. 

In the bar displ~y the new color set can be ~pplied as 

presented in fig.6.8. 
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I'-"--"--,--LLL"-""""t 

HA .---- WHITE 

NORM 
BANO 

._.- DARK REll -.'" ALARM REGION 

.. ".- alACK ... - BACKGROUND 

.. - WHITE _ ... _ - NI:UTRA.L 

- VlLlQW - connESPQNOING 
10 Pr.l1j ~N 
NUMI:.HICAL DISPLAY 

...... ------- DARK Gf1El.:.N - SAFf: 

+--.... . ... -._--._._.- BLA.CK 

35.5 : 

TeORE 
:)7.0 
37.2 

".-- WHITE .. _- i=RAME 

.----- DAliI'i O!=I) -- ALAHfJI OEGION 

LA .- -WrIlTF 

VAR .--- VW.OW 
NRM - ..... . - O'REEN -- :!iAFE 

PRII -- .'- VfUI:lW 

Fig.6.S The advised colors for the bar-display. 

The colors of the zones are less dominating and overall the 

use of color i5 more consistent. 

for the numeric/disturbance/communication displ~ also an 

adjusted color set is advised (table 6.8). 
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Table 6.8 

The adjusted color set for the lower color monitor. 

Iilit ~ <I> gr. <I> t.I) .... 
for 

., ,..., 
~ 0: u .... .... <ll '1J <ll 

f <Il ... , H <Il .... 
groun ,.., <! 0 H .0 color L,..,l 
white + + white ltOO 

yellow + + 
1---" .~ eyan 

yellow O~89 

r-"O~ 

cyan 0,70 _ .. 

orange + ora.l\ge o.~o 
-,,-

rad + + rad 0,,0 
- ._. 

h18ck + -t- + + 
~.-

0 

Only orange is different from the former color set. orange 

can be used for the disturb~noes because it has a warning 

character. The neutral colors white and cyan are recommend

ed for the communication display. The color for the numeri

cal values is yellow thus in correspondence to the present 

values on the bar display. Yellow on red can be used to in

dicate transition of alarm limits. In this way the use of 

colors is kept at an essential minimum. The dark colors as 

advised for the bar display are not inCluded. Because of 

their low luminance they are not the most suitable for the 

detailed information on the numeric display. 

6.4. DADS4 the integrated workstation 

To obtain oriteria for redesign of DADS, we mentioned 

in chapter two the necessity of considering the whole 

operating team as it functions within the operating room. 

From thOSe observations we derived the following conclu

sions; 
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-Optimal use of the facilities provided by DADS is only 

possible when DADS, just as the other monitorinq equipment, 

is placed as near as possible to the head of the patient, 

within direct reach and vision of the anesthesiologist. 

-To provide real centralized monitoring without groups of 

variables presented separately, all variables including 

respiratory values, cardiac output and even clinical la

boratory data, should be made available to DADS. 

-To avoid the situation in which the anesthesiologist moni

tors respiration by means of DADS, while being required to 

set the parameters on the ventilator, DADS and the conCern

ing front end equipment should be integrated in such a way 

that DADS can be used to set the desired values on the 

front end equipment. 

-Just before and during bypass and while weaning from 

bypass, transfer of information between the anesthesiolo

gist and the perfusionist takes place. 

Thus automation with centralized display etc. should 

not only be available for the anesthesiologist but as far 

as useful also to other disciplines; data transfer should 

be improved. 

-Efficient patient monitoring can only be enhanced and is 

less prone to errors when more integration and uniformity 

is achieved and when equipment set up is according to human 

engineering standards. 

continuinq on these lines and taking into account all 

the ideas for improving DADS, it was decided to start the 

design of an updated version of DADS (DADS4). To this end a 

sequence of focussed group discussions took place. partici

patinq were engineers, physicians and industrial partners. 

The following phases were completed: 
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Determination of the objectives 
the type of surgioal and/or 
which DADS4 should be designed. 

of the new version and of 
anesthetic procedure for 

- Determination and mapping of basic components and 
facilities. 

- Finishing and perfecting of the design. 

There are several objectives with which a neW DADS can be 

designed: It is possible to Use all the newest ideas and 

hardware devices in a design of a futuristic DAbS. However, 

this will not result in a workable design for which the 

components are directly available. Another possibility is 

to design a manufacturable "top of the 'line" prototype 

which must be tested prior to production. But, such a pro

totype is not suitable for studying facilities which are as 

yet not marketable, Therefore it was decided to de~elop a 

compromise: a "maxi" DADS, a feasible design Which can be 

developed at a short notice, with optimal research capabil

ities and with flexibility for incorporating new ideas. 

Suitable algorithms, design criteria and principles of 

man-machine interaction etc. WOUld, in a later phase, be 

incorporated by the industrial partners in a manufacturable 

product. 

The design of DADS4 would again be directed on complex 

surgical and anesthetic procedures: 

cardiac surgery, Neuro surgery, Transplantations, 

Orthopaedic surgery, Major Vessel surgery. 

Farrow et al (1984) selected 9 types o£ surgery on their 

mortality rate: 

Fractures, Larynx and 

Open-heart, oesophagus, 

gastro-int8stinal tract. 

Trachea, Laparotomy, Am~utation, 

Colon and ~ectum, Joints, Upper 

These last procedures are not necessarily the most complex, 

but might be those where prevention of critical incidents 

by means of advanced monitoring has the greatest impact. At 

this stage the value of DADS for high risk patients (high 
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ASA score) or young healthy patients has not been dis

cussed. 

Based on the conclusions from the beginning of this sec

tion, regarding the position of DADS and the required cen

tral operation of all equipment, the major requirement for 

DADS4 is that the ventilator must be part of the design. 

This is already common use at simpler surgical procedures, 

there ventilation and monitoring equipment are placed on or 

around one cart. Also, both Boquet (1980) and cooper et al 

(1978) combined ventilation and monitoring in their design 

of a new anesthe~ia delivery system. For designing an 

anesthe~ia delivery/monitoring workstation, De Roo (1980) 

investigated po~ition changes of the anesthesiologist with 

respect to his equipment. He concludes! It Many changes in 

position of the anesthesiologists can be prevented when in

tegration of anesthesia delivery and monitoring equipment 

is realized." 

Apart from the ventilator more devices are placed very 

close to the patient for reasons of frequency of use, ease 

of reach etc •• Therefore, apart from the ventilator, also 

the capnograph and the cardiac Output computer will be in

cluded in the design; and, if possible, the 02 analyzer, a 

noninvasive blood-pressure monitor and an analyzer of the 

Activated Clotting Time. 

The specific DAD54 components will consist of: 

-A monitor (with softkeys) for presentation of the bar and 

graph displays (14' '). 

-A monitor (with softkeys) for presentation of the Numeri

cal, Medical Data and Disturbance information (14"). 

-And, as a replacement of the CRT screen ~n the main con

ventional mon~toring rack, a third additional monitor (with 

softkeys) for displaying the analogue signals (12 or 14' '). 

In this way a first step is made towards the incorporation 
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of the haemodynamic monitoring equipment in DADS. 

-~n event pad. on the previous version of DADS one event

key was implemented for fast marking of clinically signifi

c~nt·events. In this ~ay however, event entry is still not 

optimal. In the case of a few sequential events it becomes 

troublesome to memorize which event number corresponds to 

which event, and there is ~ reasonable chance that entry ot 

some events is forgotten. Therefore, an event pad based on 

ideas presented by Ornato et al (19Bl) is in preparation. 

-A keyboard for the remaining interaction. 

-2 Floppy drives for storage and retrieval of programs and 

data. 

-The electronic components (processors, memory boards, 

power systems) • 

In DADS4 all essential information should be presented on 

the screens. Therefore it is likely that the plotter for 

generation of the anesthesia record will not be required in 

the direct proximity of the anesthesia equipment. position

ing in a corner or directly outside the on seems useful. 

Above We mentioned the hardware devices to be included 

in DADS4. At this stage it is not possible to anticipate 

all the requirements regarding software specifications. 

However, the improvements suggested for the man-maohine in

teraction (seotion 6.~) and the data presentation (section 

6.3) will be implemented. The event pad will require addi

tional software, as will the presentation of an~logue sig-· 

nals. Moreover a new algorithm for the detection of distur~ 

bances will be implemented CElom et al 1985, Meijler and 

Beneken 1986). 

After three intermediate drafts, a final design was com

pleted (figs.6.9 and 6.10). 

Some specifics about the design: 

-protuding parts sucn as tubes and knobs belonging to the 

humiditier, the vaporizer and the ventil~tor had to be in-
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J.eOOL~N 

Fig.6.9 The final design for the DADS4 system. Its 
main property is that it integrates all the various 
devices to be used by the anesthesiologist in 
monitoring. It i5 a first step to "cockpit'· based 
monitoring. 
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corporated. It is essential that these devices are accessi

ble. Amongst other things, it must be possible to change 

tubes and to refill the vaporizers. 

-A special problem was the location of the ventilator. At 

first the ventilator was planned below the keyboard. How

ever, as long as the control of the ventilator does not 

take place via DADS this implies that the positioning of 

this critical control is too low and does not meet ergonom

ic requirements. To solve this, it was decided to place the 

electronic part of the ventilator (the part with the con

trols) just above th~ keyboard. The pneum~tic part of the 

ventilator remained below the keyboard to prevent clutter

ing of the upper part of DADS4. In case of failures, this 

pneumatic part must be fast and easily accessible from 

above. To enable this, the entire panel with keyboard and 

writing tablet was fixed on a drawer which can be pushed 

inward. 

-The location of the electronic part of the ventilator in

fluenced the overall impression of DADS4. The central part 

of the set up was designed as a standard on which the upper 

and wider part ot DADS4 with the monitors could rest. With 

the ventilator, the central part had to be made as wide as 

the upper part this way giving the design a heavier appear

ance than planned. 

Besides it had been planned to place the lower monitor in a 

small angle with the vertical plane to assure also for this 

lower monitor an optimal viewing angle from the standing 

position of the anesthesiologist. Because this would ob~ 

scure the view on the ventilator controls, this idea had to 

be left as well. 
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Fig.6.10 The front view of DAOS4. 

Discussion of the design: 

0 

DO 

0 

The dimensions and composition of DADS4 were primarily 
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determined by the devices to be included and the physical 

circumstances in the operating room. 

This implies that compromises had to be made between human 

engineering requirements and feasibility. Below we will 

check the ultimate set-up of DADS4 in two ways: 

1, The vertical positioning of the main co~ponent5 of DADS 

against the absolute measures which were derived from 

literature. 

2. The relative positioning of the components in the entire 

set-up. 

ad 1. In table 6.9 the qualification of the vertical posi

tioning of the main components of DAOS4 is given based on 

guidelines as derived from Dreyfuss (1967) for consoles and 

panels applied in the office and in control rooms. 

From table 6.9 it can be seen that the absolute height of 

most components is satisfactory, but that some components 

are positioned somewhat too low. 

ad 2. Doring (1976b) describes the teChniques applied to 

the design of cockpits of aircrafts. In order to place 

every component at its optimal position, the devices are 

rated with respect to a number of requirements (*ccormick 

and Sanders 1983, p343) as frequency of use, criticality of 

use etc .. From the resulting tables component positions can 

be derived. Below we will apply this technique to check the 

placement of the DADS4 components. TO this end, the com~ 

ponents incorporated in the system were rated on their im

portance for: 

-the effioiency and efficacy of the control and monitoring 

task from the anesthesiologist (lMP) (high,medium, low) 

-their frequency of use by the anesthesiologist (FREQ) 

(high,medium, low) 

-the duration of one action of the anesthesiologist at the 

device (TDUR) (continuous, extensive, brief) 

-the critical value of the device for the immediate well-
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Component 

Displays 

Controls 

Table 6.9 

The qualification of the height 
of the main components of DADS4 

height 

analogue 150-170 cm 

bar/graph 150-170 em 

numerical 120-l40 cm 

function/sort 145-155 ern 
keys analogue 

function/soft 145-155 cm 
keys bar/graph 

function/soft 115-125 cm 
keys numerical 

ventilator 105 em 

keyboard 90 cm 

writing pad 95 em 

being of the patient (CRIT) (high, medium, low). 

judgement 

good 

good 

moderatE! 

good 

good 

sufficient 

moderate 

SUfficient 

moderate 

We judged the design of DADS4 on these criteria with 

respect to: -the required distance to the patient because 

of tUbes, connections etc. expressed in terms of the 

overall width of the system (DIST) (close,middle,tar) 

Table 6.10 shows the resulting qualification. 

The overall impression we get from this table is that the 

relative positioning of the devices is satisfactory. A 

problem can be expected in the control of the CO computer, 

In fact, all equipment positioned below the keyboard is un

suitable fOr operation and display. However the display 
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functions of most of these components will b~ taken over by 

DADS4 and th~ir frequency of operation is low. Facing the 

desire for integration and positioning near the patient, no 

alternatives wer~ possible. 

FUNCTION I 

monitor and 
control 
patient 

Analogue 
display 

Bar/Graph 
display 

Numerical 
display 

Ev~nt 

pad 

Floppy 
drives 

co 
computer 
control part 

Electronic 
part ventilator 

Keyboard 

writing pad 

Table 6.9 

The qualification of the relative 
positioning of the components of DAPS4. 

H H B-E H 

H H M L 

M M M H 

H H B M/L 
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6.5. summary 

In this chapter we worked at ergonomic guidelines con

cerning three aspects of DADS. These included; man-machine 

interaction, information presentation 

anesthes~a equipment. 

and layout of 

When a selection of devices and protocols for man-machine 

has to be made, the following rules must be kept in mind: 

-The interaction must be easy both for experienced and 

unexperienced users. 

-It must be virtually self-learning. 

-Not the system but the patient needs and gets attention. 

-Some flexibility must be provided to enable minor changes 

in the interaction. 

-The number of different devices for interaction must be 

kept at a minimum, but at the same time easy entry of the 

various inputs must be guaranteed. 

-As long as it is logical, the interaction protocol may be 

a combination of several principles. 

When departing from CRT'S for data presentation, currently 

the touch-screen, soft and function-keys and the conven

tional keyboard are the most suitable devices for interac

tion. However, this may change with new technical develop

ments. In particular, the number of medical data which as 

yet, cannot be automatically sampled and processed is con

siderable. This number may be reduced when progress in au

tomation is further introduced into the hospitals. 

The stUdy of guidelines on information presentation taught 

us that it is not self-evident that a "high-resolution" 

oolor screen guarantees optimal readability. When a new 

screen is bought, the properties of the default character 

set must be checked and where necessary and possible im

p~oved. Items must be checked, such as line distance, word 

distance and matrix size but also the intrinsic sizes of 

the character such as width relative to height must be suf-
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ficient. 

The use of color can be very meaningful in enabling 

enhanced presentation of information by means of color cod

ing. No more than 4 a 7 combinations must be applied. There 

are 23 acceptable combinations of standard colors in which 

on the average dark characters on a light background are 

somewhat more favored than light characters on a dark back

ground. 

If non-standard colors are applied, it was derived that 

their luminance ratio must be at least two. For DADS non 

standard colors as orange, dark green and dark red were in

troduced. 

The arrangement of the work-space of the anesthesiologist 

should be done in the same way as for an airplane cockpit. 

The following objectives must be pursued: integration, uni

formity, uncluttering, comprehensiveness and positioning in 

accordance to priority rules. Priority rules include; the 

importance for the control task of the anesthesiologist, 

the frequency of use, the task duration of one action at 

the device and the critical value of the device for the im

mediate wellbeing of the patient. These criteria have to be 

judged against the required distance of the component to 

the patient because of tubes and such like. 

If these guidelines are followed, an integrated workstation 

can result which is less prone to mishaps than the current 

mixture of devices. Moreover, when a modular set up is sup

plied, the workstation can be stripped down or extended to 

be applicable in many different procedures. 
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7. ~ AUTOMATED ANESTHESIA RECORD 

7.1 •. Introduction 

In section 2.4 it was shown that record keeping takes 

up about 12% of the time of the anesthesiologist. Apart 

from this, as will be illustrated below, there are consid~ 

erable disadvantages in the use of handwritten records. 

Based on these con$iderations this cha~ter will deal with 

the design and evaluation of an automated ane$thesia 

reoord. The importance of realizing such a record was one 

of the outcomes from the evaluation procedure. 

History: 

Because they wished to improve their technique of ad

ministering ether, Cushing and Codman started around 1895 

with the registration of Heart-rate and Respiration on what 

they called ether cards fig.7.1 (Beecher 1940). Some years 

later, Cushing'::; "blood-pressure chart" is already compar~ 

able with current reoords. It presents vertical plots based 

on five-minute measurements of heart-rate, sY$tolic and 

diastolic arterial pressure and of respiration. The most 

important events are written perpendicular to the plots at 

the corresponding time (Cushing 1903). Cushing writes that 

there are people voicing the opinion that over-elaborate 

records might take the administrator's mind of his primary 

task, but that he himself feels most emphatically that it 

keeps his mind on the task. He advises keeping the old 

record$ for later: "please put [these cards] in a corner of 

the Library, where some day some young fellow may brush the 

dust from them and say: 'Who were these fellows anyhoW, and 

what is this "ether" they are talking about? Do you mean 

that people used to be put to sleep by the inhalation of 

drugs in the 19th century?" (Beeoher 1940). 
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Fig.7.1 The two sides of an early anesthesia record 
as used by Codman in 1884. (By permission of 
Surgery, Gynecology and Obstetrics.) 

Since that time the records have become more complex, 

and record-keeping is becoming more time-consuming with the 

increasing complexity of the anesthetic procedures (section 

2.2). However, no essential changes have occurred in the 

principle of record-keeping. Much has been written about 

the value of record-keeping, the various methods of 

record-keeping and the processing of the collected data. 

Hallen (1973) mentions the most important articles, Collins 

(1976) gives a concise survey. That there has not always 

been a uniform opinion regarding the need for record-
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keeping, can ~e illustrated by a rather unexpected question 

in an international examination paper for post-graduates 

(Mushin 1953): 

The candidate had to indicate which answer was the correct 

one. "A well kept anesthesia record 

a) demonstrates the artistic ability of the anesthesiolo

gist; 

b) helps the anesthesiologist to pass the time while 

squeezing the bag; 

c) helps to support the paper industry; 

d) by its very production contributes to th~ well-being of 

the patient, is an aid to the surgeon in his further care 

of the patient; helps the anesthesiologist in his evalua

tion of the drugs he uses, the techniques he employs, and 

the abilities and knowledge he has or does not have, and in 

a course such as this, is an obligation which each 

anesthesiologist has to his fellow trainees 50 that all may 

share to the fullest extent many more experiences in 

anesthesia than could be encountered on an individual basis 

in the same length of time". 

currently, the anesthesiologist is in fact obliged to make 

an anesthetic record for the provision of the medicolegal 

documentation about the anesthetic procedure. 

However, from a questionnaire submitted to a large popula

tion of anesthesiologists in Great-Britain and Ireland 

(Seed and Welsh 1976), it followed that 3l,6% of the 

anesthesiologists do not make records during minor opera

tions and ~3,8% r~gard it as a nuisance. As th~ reason for 

completing a record, 74.2% of the respondents mentioned the 

medicolegal aspeot. 

Functions: 

Beneken et al (1983) and Schneider (1982) give the 

peri- and per-operative functions of the anesth~sia record: 
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- Pre-operatively; recording of demographic data, ASA 
score, diagnostic remarks, drug history, premedication, 
current physical condition and appropriate laboratory 
values. These are then available per-operatively and can 
be used for planning the anesthesia management. 

- Fer-operatively; recording of type and volume of all 
fluids ana blood products administered, as well as dose 
and time of administration of anesthetic agents and other 
drugs, and other events occurring during the course of 
the operation. Furthermore the annotation of 
observations and signal values from the patient. This 
provides the legal evidence of monitoring during the 
procedure and enables the anesthesiologist to discover 
trends in signals and to evaluate the reaction on given 
drugs and other interventions. 

- Post-operatively: recording of the assessment of the 
patient's condition and for transfer of information to 
the lcu. Other purposes are research, teaching, legal 
matters and review prior to subsequent surgery. 

Layout of the anesthesia records: 

Most records consist of the same type of components: 

- Time-independent pre-operative data, such as patient 
data, diagnostic remarks etc. 

Time-independent per-operative data, for instance, size 
of the endotracheal tube, type of monitoring etc. 

- Lists with remarks and/or numerical data. 

- Tables with special subsets of data as for instance 
bloodgas values. 

- Graphs/charts. 

However, the arrangement of these components may differ 

strongly between the layouts. Seed and Welsh (1976) give, 

derived from the questionnaires, a thorough review of the 

various types of records which are used. They found that 

varying sizes of charting space (from 5*10 em to 10*15 em) 

are used for graphical recording. In 82% of the records a 

blood-pressure chart was available, and 53.9% had time

scale spaces on the chart for recording the administered 

drugs. The most common arrangement (76.3%) was for the 

time-scale to be on the horizontal axis and in 28.6% of the 
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charts, symbol~ were suggested for the different parame

ters. A few of the reoords had a separate chart $pace for 

reoording the concentration of inhalational agents given. A 

separate header and separate annotation spaoe were avail

able for: 

the induction (15.5%) 
airway management and intubation (32.0%) 
maintenance (2l.4%) 
anesthetic teohniques (26.7%) 
fluids (53.4%) 
notes/remarks (45.6%) 

Problems with handwritten records: 

Irrespective of their layout, problems always occur 

with the handwritten anesthesia records (Gravenstein 1980). 

Legibility and comprehen$iveness; The legibility of 

handwriting is always a problem and even more so in the 

case of the anesthesia record where often data must be en

tered in a hurry and mostly only a limited space on the 

reoord is available. 

Completeness; One of the per-operative functions of 

the anesthesia record is to record monitored variables. 

currently there are some guidelines as to what constitutes 

proper monitoring (Noback 1983, Gezondheidsraad 1982). How~ 

ever, regUlatory authorities do not specify the frequency 

at which vital signs should be measured. At present, inter

vals of five minutes are common clinical practice (Schneid

er 1982). However, mishaps resulting in permanent brain 

damage can occur within five minutes while there are also 

cases in which the blood-pressure varies little during the 

entire procedure. Another deficiency of the records is 

that they almost never show why a particular drug was 
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given. Also clinical observations suoh as tnose of the 

patient's color, responsiveness etc. are almost never 

recorded. 

Correctness; Record keeping takes about 12% of tne 

anesthesiologist's time and normally does not present a 

problem. However, in moments of peak load, e.g. before and 

during induction, it is a problem. Zollinger at al (1977) 

compared 100 cases of hand- reoorded measurements of 

blood-pressure with those obtained and plotted automatical

ly. They noted that in many of these oases the physician 

did not begin to write until almost thirty minutes into the 

case, and it appeared that measurements were incompletely 

and inaccurately recorded. A similar stUdy was performed by 

Whitesell et al (priv carom). They also found that physio

logical data were roore reliably recorded by the computer

ized monitoring system and that most discrepancies occurred 

during periods of maximum activity for the anesthesiolo

gist. For the purpose of deteoting differences in record

keeping of data which could not be sampled automatically, a 

study was performed by Baetz et al (1979). Two sets of 

twenty cases each were collected. For the cases in the 

first group an experienced nurse recorded the data as her 

only task while the anesthesiologist as usual, manually en~ 

tered data in his record. For the second group again con

trol records were kept by the nurse and the anesthesiolo

gists could use a so-called semi-automatic keypad. The 

record keeping of the anesthesiologists was oompared with 

the "perfect" nurse-kept records. In the first group, of 

the 1379 required entries, 230 entries (17%) were missing, 

including 97 unrecorded blood-pressure measurements, and 82 

entries (6%) were incorrect in time or amount. In the 

second group 1615 required entries were noted. of these, 99 

entries (6%) were missing, including 31 missed blood pres

sure entries. 137 entries (8%) were incorrect in time or 
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amount. Again, the advantages of automation are clear. 

7.2. The automated ane$thesi~ record. 

One of the important features of DADS is the central

ized collection and storage of all data of interest during 

a procedure. This feature can be exploited by subsequently 

extracting these data for the automatic generation of an 

anesthesia record. This may reduce a number of the afore

mentioned problems. 

Summarizing, the advantages are: 

- Reduction of the administrative workload; leaving more 
time for patient care. 

- Improvement of the quality of the record because of 
objective and consistent recording (no rejection of 
"unusual" measuring values) and becaUse of continuous 
recording also during critical periods when the 
anesthesiologist needs to oenter his attention on the 
patient. 

- The machine-written record is more legible than the 
hand-written record, which is an advantage as the 
anesthesiologist is expected to make each and every 
record as if he were going to defend it in court 
(Schneider 1982). 

~ The machine-written record is flexible. Small Changes can 
be easily realized. 

Figure 7.2 shows a hand-written record such as used 

dUring cardiac-surgery at the University Hospital Leyden. 

The lack of legibility is obvious. It lacks graphical 

presentation of 
and heart-rate. 

common 

This is 

variables such as blood-pressures 

due to the fact that the 

anesthesiologists recognized the inoompleteness and thus 

inoorrectness of possible interpolations when putting the 

irregularly monitorect variahles in a graph. Furthermore, 

the layout of the record is outdated. Headings and contents 

of columns no longer correspond. 
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Figure 7.2 A sample of a handwritten anesthesia record. The upper part con
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Another problem is the disorepancy between the amount of 

oomments (irregularly entered medical data) and the inter

val reoordings (regularly entered signal values). This 

prevents a definite correspondence between time of entry of 

oomments and recorded data. And it is just this exact time 

correspondenoe which is so very important when it is neces

sary to retrace a procedure (Linnarsson 1985 priv comm) • 

TO facilitate the introduction and acceptance of the 

automated record and enable switching to manual recording 

in case of problems, it was decided that the first design 

of an automated anesthesia record should be'a "look-a.-like" 

of the hand-written record. This requires that the new list 

should consist of the standard record components (lists, 

graphs, tables and such like) with an arrangement mainly in 

columns. 

The design of the automated record coincided with the 

desire of the Leyden University Hospital, Department of 

Anesthesiology, to design a new record. It's design was ac

complished after many detailed discussions between the 

anesthesiologists and the developers and has been described 

by van Kessel et al (1986). It consists of two pagesr a 

first page with pre-operative information and possibly com

ments regarding the induction, and a second page for the 

per-operative data. Page two of a sample record is given in 

figure 7.3 .. Central are the graphs including a time axis 

for continuous registration of automatically sampled 

blood-pre5su~@s and heart-~ate. Heart-rate (RR) and system

ic arterial pressures (FSYS,MAP, POIA) are plotted against 

the scale at the left (30->180 mmHg), mean pulmonary ar

terial pressure (MPAP) (and in most cases also the central 

venous pressu~e (MCVP» are plotted in the scale at the 

right (-10->40 mmHg). 
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Figure 7.3 A sample of an automated anesthesia record (page 2). The color 
information is lost in the printing process. The lower part of the record 
contains two tables; one for bloodgas- and electrolyte-values and one for 
coagulation information. 
The main part shows from left to right: 
-1st time axis belonging to the next two columns 
-column for administered drugs (bolus, perfusors and volatiles) 
-column for activated clotting times 
-2nd time axis, belonging to the graphs 
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-graphs of heart-rate and arterial pressures in the left range, graphs of 
mean central venous pressure, mean left atrial pressure and mean pulmonary 
arterial pressure in the right range 
-a column in which duration of bypass and clamping time can be indicated 
(timelines) 
-columns for cardiac output values, skin and core temperatures, C02ex and 
possibly other respiratory values and/or fluids 
-a column for comments and for the time being, values of bloodgases and 
electrolytes (later these will be entered into the seperate table left 
below) 
-3nd time-axis belonging to the alphanumerical columns at the right of the 
graphs 



In order to provide the direGt rel~tion between comments 

and graphs, it was decided to draw the graphs in the verti

cal direction, with the comments perpendicular to them. The 

advantages of horizontal present~tion of the comments and 

the definite relation between graphs and Gomments outweigh 

the p05sible disadvantages of vertical presentation of the 

graphs. To further enhance presentation in the graphs, four 

different colors are used for plotting the variables. 

All text has a Gertain height, which, rel~ted to the time

axis, represents a certain duration of time (in our e~ample 

5 minutes). So, when many alphanumeric data are entered 

(more than 1 line per 5 minutes) the text columns will be 

filled before the graphs reach the end. To prevent a great 

discrepancy between the time-a~is of the graphS and the lo

cation of alphanumeric data, the alphanumeric columns are 

divided into two sections, each with its own time-~~is. On 

the left of the graphs two columns are used for the admin

istered drugs and the Activated Clotting Time (ACT). This, 

because the ACT is directly related to the administered 

(anti)coagulant drugs. On the right of the graphs one 

column is reserved to indicate start and stop of bypass and 

aorta clamping. At the right of this column and with a 

time-scale corresponding to the far right axis, the remain

ing alphanumeric data are recorded in an order reflecting 

their relation to the blood-pressure curves. From left to 

right: the cardiac output (which during bypass is the Flow 

at the pump), the Skin and Core Temperatures and the ex

piratory cO
2 

concentration. The remaining columns can be 

used for other respiratory values and settings or fluid 

balance numbers. Thus, to prevent the read-out of data 

without an exact time marking, the anesthesia record shows 

three time-axes, one for the graphs and two for the al

phanumeric data. The resolution of the graph time-axis is 

fixed: in one graph 3.5 hours of data can be recorded. 
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Thoracic proc@dur@s usually last about 6 hours 50 2 pages 

are necessary. 

During generation of the anesthesia record, the time-axes 

correspond as much as possible. This is achieved by placing 

the alphanumeric data as closely as possible to the 

corresponding time in the graphs, but never above this 

time. So when only a few alphanumeric data are entered 

there will be empty lines in the corresponding columns. 

When many alphanumeric data are entered the time~axes may 

still show discrepancies because the time-axis or the al

phanumeric data runs ahead of the time-axis on the graphs. 

However, in all situations exact times of all data can be 

extracted from the different time-axes. 

An extra facility is the entry of the events which are 

listed in Appendix 2.B. 

By pushing the special event-key the time is recorded and 

in the comment column the word EVENT and a reference number 

is written. Later on, the event can be explained by using 

the possibility or entering free comment referring to this 

reference number. The event-marks are recorded immediately. 

The same holds for the entries made by the keyboard, such 

as free comment and event explanations. The signal values 

for the graphs are determined every 15 seconds and stored. 

Every 3 minutes the graphs are updated with the stored 

data. continuouslY monitored, alphanumerically recorded 

signal values are updated every 10 minutes. 

Apart from the central chart with graphs and alphanumerioal 

data, two tables below this chart have been included: one 

for the presentation of bloodgas-values and electrolytes 

and one to plot the amount of administered (anti)coagulant 

drugs against the Activated Clotting Time. The values can 

be plotted there as seon as they are automatically 

transferred to DADS and thus oan be reoognized by their own 

entry code. For the moment they have to be entered as a 
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comment by means of the keyboa~d. 

7.3. Evaluation of the automated anesthesia record 

In the design of the automated record as described 

above, the guidelines for (re)design as given in section 

4.3, (such as knowledge retrieval, requirements definition 

and determination of alternatives) were followed. This 

resulted in, within the conditions, a reasonably optimal 

design. This was confirmed by the positive reactions from 

the users. However, we thought it useful to optimize the 

design based upon remarks ~ade by a somewhat larger group 

of anesthesiologists and on practical experience with the 

record. To this end, a questionnaire was composed consist

ing of 9 open ended questions, 3 multiple choice questions 

and 5 multiple choice questions Which included a section 

for additional remarks. The questionnaire waS meant to ob

tain information regarding toe following items: 

1 The recorded variables; more/less/others desired (4 
questions) 

2 The subdivision in columns (2 questions) 

3 The expansion of the layout with additional tables (1 
question) 

4 The number of variables to be plotted in graphs (2 
questions) 

5 The ranges for the graphs (2 questions) 

6 The presentation of artifacts (1 question) 

7 The ev~nt ~ar~~ng (1 question) 

B The use of colors (1 qu~stion) 

9 The desirability of units (1 question) 

10 The frequency of numerical recording of automat~cally 
sampled data (1 question) 

To be assured of valid, useful answers and to eliminate 

possible confusion amongst the interviewees, strict rules 

were followed when formulating the questions. The rules 

were derived in a study into the efficient method of infor-
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mation extraction (van dar stap 1982). Some rules: 

Use alternating types of questions. 

Eetore formulating the question determine what the infor

mation is that has to be extracted by the question. 

Take the foreknowledge of the respondent into account. 

In a two-way question or a multiple choice question ei

ther all alternatives have to be explioitly given, or 

none at all. 

Keep the questions short. 

The questionnaire was handed out to 30 staff anesthesiolo

gists and residents familiar with thoracical procedures. It 

was accompanied by a sample anesthesia record and an intro

duction to explain the questionnaire and the design con

straints underlying the automated record. 

Results: 

Seventeen completed questionnaires (57%) were re

turned. one of the thirteen anesthesiologists who did not 

respond stated not to have enough knowledge about DADS to 

complete the questionnaire. ~he remaining 12 gave no expla

nation for their lack of participation but possible reasons 

are 1) not enough experience with DADS (though knowledge of 

DADS was not necessary), 2) not interested, 3) 

forgotten/lack of time, 4) bad questionnaire. 

In the returned questions, all were answered and the most 

relevant deductions with respect to the ten items mentioned 

above will be discussed: 

1. 

-As soon as a Cardiac output value is entered, DADS com

putes derived variables such as the Cardiac lndex 

(CI=CO/Body Surface Area) and the Systsmic vascular Resis

tance (SVR-(MAP-MCVP)/CO). It would be appreciated to have 

these values plotted in the CO column. 
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-The graphical presentation of the Diastolic pulmonary 

Pressure (DPAP) was favored above the Mean Pulmonary pres

sure (MPAP) because the former is a better representation 

of the Mean Left Atrial Pressure. Currently, the only rea

son that the DPAP is not plotted, is that it is not (yet) 

available at an output port of the front-end rack. 

2. 

-To enhance the presentation of administered drugs it seems 

useful to divide the pharmaoa oolumn in a column for drugs 

administered in a bolus and drugs administered with a infu

sion pump. 

-A fluid balanoe column for drip infusions, urine produc

tion and blood loss/transfusions should be placed at the 

left of the comment column. 

-The comment column is too wide. 

3. 

~No comment 

4. 

-Though not the majority, 7 respondents preferred a graph 

of the C02ex. Two others wanted more detailed information 

on the Co 2ex in case of problems, and one preferred the 

real time capnogram. 

5. 

-Nine respondents opted for a larger range for systemic 

blood-pressures and heart-rate. This enables the presenta

tion of more deviating values but at the expense of the 

resolution of the majority of the graphs. One solution 

might be to plot all graphs on one scale along one vertical 

axis. This would increase the resolution for the arterial 

pressures and heart-rate but decrease the resolution for 

MCVp and MPAP, to Which there is probably no objection. 

6. 

-Currently the actions such as flUshing, sampling and Car

diac Output measurements give rise to an artifact in the 
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plotted signals. It seems desirable to mark the artifacts, 

for instance with an arrow at the corre~ponQing point in 

the graph. It might then be even considered to remove the 

artifact~ from the graphs. 

7. 

-We suggest marking an event in a separate column near the 

time axis of the graph possibly with the serial number. 

8. 

-Almost unanimously positive were the respondents on the 

usefulness of colors in the record. 

9. 

-The majority (11) of the respondents did not consider un

its to be necessary, however, for scientific reasons they 

will be added anyway. 

10. 

-one interesting answer regarding the rate with Which the 

numerical values are plotted was given. At the moment this 

is every 10 minutes and in the case of an event. It was 

suggested that it should be possible to choose this rate 

during the operation. 

Concluding; 

The principle of arranging the main part of the record 

in columns will remain unchanged. But there will be some 

changes within the columns. In particular the plotting of 

additional variables in graphs (C02ex and perhaps also tem

peratures) and the readjusted range for the blood-pressures 

and heart- rate will give the record a somewhat different 

appearance. Moreover, the presentation of artifacts and 

events will be reconsidered, units will be added to the 

headers, the comment column will be made smaller and plot

ting of SVR and CI values will be combined with the plot

ting of CO values. The tables belOW the record will remain. 
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7.4. Discussion 

The first att~mpts in generating an automated record 

were macts by American researchers toward the end of the 

seventies (priv comm Newbower (~985»). currently, with the 

introduction of automation in the European OR's, automated 

records were designed independently at at least five insti

tutes (Hartung et al (1983), Karliczek et al (~985), van 

Kessel @t al (1986), PrakaSh et al (1984), Trispel et al 

(1985» . 

Though it will take some time 

tions will be in common 

before commercial applica

use, it is to be expected that 

there will be much interest for this new development. This 

is not surprising when we consider the time required for 

hand-written recordkeeping and the dubious quality of the 

result. 

An important constraint for the expeoted time savin~ at the 

moment is that, as yet, many variables have to be entered 

manually into the system. This will change with progressive 

automation in the hospitals. Again amongst the designs of 

the automated records, differences in layout are manifest. 

These will only be eliminated if attempts to standardize 

are made. Whether this is necessary i5 questionable. Namely 

with an automated record the most important objectives have 

already been realized : a legible, objective and complete 

record. 
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8. CRITICAL-INCIDENTS, A POSTSCRIPT 

8.1. Introduction 

In this thesis the concept of critical- incidents has 
been emphasized a number of times. 

The co~cept as such is rather new and was only recently in

troduced by Cooper et al (1978), in the form of a study in 
which the "critical-incident technique" (Flanagan 1954) was 
applied to anesthesia management. until that time, terms 

such as 'mishaps' and 'adverse occurrences' etc. had been 

used in studies which exclusively discussed anesthesia pro

cedures with a fatal outcome. 

Below we will label the different studies either as indica

tions apply we will use the term 'mishap', The reason why 
studies with respect to critical-incidents are so important 

has been formulated as follows by Newbower et al (1981b): 
"The present level of risk in anesthesia, while small, is 
not irreducible ... Quite possibly, a more systematic ap
proach to the analysis of errors and failures and to the 

design of corrective action could help to produce a better 
anesthesia result". And; "Preventing the problems related 

to hUman factors and equipment failures whiCh lead to near 

miss incidents is believed to reduoe the probability of ul

timate disaster." 

In ohapter 4 the critical-incidE!hts we.re. me.ntioned both in 

relation to performance oriteria and (re}design criteria 

for automated monitoring systems. The use of critical - in

cidents as a criterion to measure the performance of a sys
tem was not considered to be feasible. 
But, in this thesis a systematic analysis of circumstances 

and patient signals in the operating room was performed in 

order to select those aspsots where the use of automation 

may lead ultimately to a decrease of critical-incidents. In 

the soope of redesign a number of suggestions for improve-
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ment of info~mation presentation in the OR by means of au

tomation were given in chapter two. Some of these improve~ 

ments may prevent smaller adverse occurrences which may 

lead to a critical-incident. In chapter 5 it was shown that 

specific signal behavior precedes cBrtain clinically signi

ficant events and an investigation into the use of signal

correlations to warn for some critical-incidents was recom

mended. 

Based on the suggestions from chapter 2, chapter 6 dis

cussed the (re)design of an integrated workstation. It 

represents our view on the direction in which the layout of 

operating rooms should go in order to minimize errors asso

ciated with both scattered information presentation and in

strument control. 

In view of a reduction in peroperative mortality and morbi

dity a di~ect study of critical-incidents might well lead 

to useful recommendations with respect to automation in the 

operating room and perhaps could yield clues regarding the 

requirements for alarm algorithms. 

For example, a disconnection of the tracheal tube is a fre

quently occurring incident. It can be prevented by a spe

cial mechanical construction (Fogulanik 1980), but also by 

providing an alarm triggered by the signal behavior result

ing from the disconnection (McEwen and Jenkins 1983). 

In this chapter we will mention some of the most im

portant publications on the subject of mishaps. Further

more, we will list the results from 6 recent survey studies 

in order to obtain an indication of the mishap incidence 

and therewith of those aspects which most urgently require 

the application of automation (Meijler et al 1982). A cou

ple of illustrative suggestions will be given. We will do 

this with some reservations however. The material published 

on the subject of mishaps is enumerable and the diversity 
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of the performed investigations is such that comparing and 

using their results is a precarious enterprise. An adequate 

description of this literature, and its use for automation 

in anesthesia merits a thesis of its own and we will res

trict ourselves to a tentative reconnaissance. 

8.2. Critical_lncident$ as a means 

Several authors give outstanding reviews of the 

literature re~arding mishaps in anesthesia (Phillips and 

capizzi 1974, Keats 1979, Davies and Strunin 1984, Pierce 

1984). In the history of anesthesia th~ first reported 

mishap occurred in 1848, well over a year after the first 

administration of an anesthetic. Apart from a remarkable 

mortality study by Snow published in 1858, all subsequent 

studies were primarily "case reports, compilations of case 

reports, or collections of compilations" (Phillips and Cap

izzi 1974). Then the first systematic survey was published 

by Beecher and Todd in 1954. They investigated 599.500 

surgical procedures and divided the 384 cases of 

anesthesia-associated mortality into different categories 

according to their cause. An enormous wave of publications 

followed. In the period between 1980 and 1985 alone, more 

than fifty articles were published. Roughly, they can be 

divided in three groups: those describing specific equip

ment problems such as Cooper and Newbower (1975) and 

RendellhBaker (1982) on anesthesia machines, case studies 

(Gordh and Mostert 1978) and survey studies of mishaps. 

Generally it is con~idered useful to comp,are. results of the 

surveys to obtain improvements in anesthesia. However, one 

main problem is caused by the differences in the study 

methodology followed. This discussion about the uniformity 

of the collected data was initiated by Collins (1960): "The 

lack of uniformity in compilation of operating room statis

tics makes it difficult to appraise complications and death 
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occurring in patients who undergo anesthetic and surgical 

procedures." 

In the Netherlands, Smalhout (1972) listed the results from 

seven mortality studies and concluded: "Although th@re are 

large differences between the outcomes, there ~re some 

causes of mortality which reoccur in every study". Accord

ing to him many mishaps could have been prevented by b8tter 

organization, more knowledge about the situation, improved 

tschnic~l equipment ~nd mors careful management. 

Phillips and Capizzi (1974) mention some of the differences 

in data collection, such as: the period over which the d~ta 

were collected, the patient populations, and the applied 

classifications. The major problem in obtaining comparable 

results is the uniformity in classifications. In an ECRI 

technology assessment (1985) it is stated that: "no two 

studies have used identical classification systems to 

analyze the faotors underlying anesthesia deaths". 

The problem of classification can be illustrated as fol

lows: an incident can originate at many different places 

in the total setting of men and equipment in the operating 

theatre. After its origination the incident evolves. This 

means that different people can easily have different in

terpretations and indicate: different instants and/or dif

ferent places for the origination of th@ incident. 

An example:: due to haste, a gastric tube has b8en placed 

incorrectly, resulting in aspiration of gastric contents 

followed by respiratory failure. Some investigators will 

give as cause the misplaced gastric tube, others the as

piration and again others classify this mishap as inap

propriate airway maintenance. In fact, all this information 

is essential for describing the mishap. When we combine the 

suggestions of the various authors for a complete classifi

cation, haste should be listed as the reason or associated 

factor, the misplaced gastric tube and (thus) inappropriate 
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airway maintenanoe as oause, the aspiration is the direct 
consequence and respiratory failure the subsequent conse

quence. 

Table 8.1 

Sp~oifications of six studies on mishaps during anesthesia 

p~ri(Jd o[ U.H.1 

c.·ol1.:~~·.t!c)n ","t9 67-7~ 70-75 75 75-9/1; 

rmmbl:!t" elf mi ~;hap.o.; 

on which data ~r. 

b"l~;[~d. 41 ~'3 348 67 81 809 

rl1.lmhct of t:CJnccrni.ng 

su r p,i.c,1.l l proc:cdurGs 34145 ?4()483 338934 8312 
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'II The m stands for mortality study and oi for critical- in
cident study. 

Until now the classifications of causes, associated factors 

and consequences have often been mixed up which resulted in 

very different outcomes. This complexity in pinpointing the 

causes was also confirmed by a study performed in New South 
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Wales (1970) which says that an average of 4.3 mistakes 

preceded patient-death. 

Irrespective of all the problems induced by the vari

ous methods of data collection which were applied in the 

surveys, we decided to compare the outcomes o! some of 

them. To this end, 6 surveys were selected in which 

causes, associated factors and consequences were not con

fused, or not to any great extent. These six surveys are 

given in ta~le 8.1. 

Bowever, still the classi!ications of the causes from 

these studies were diffsrent. Thus to enable a global com

parison between the data the causes as determined in these 

studies were converted to a generalized classification in 

which all could ~e fitted. 

Table 8.2 presents an example: on the left the classifica

tion as used by craig and Wilson (1981) and on the right 

our generalized classification to which we converted the 

causes. 
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Table 8.2 

An example of the conversion of results from a mishap study 
(Craig and wilson 19B1} to a generalized olassifioation. 

Craig and Wilson 

Transmission of anesthetic gases 
anQ vapors: disconnections 

Traoheal tube oonnector problem 

Tracheal tube problem: intubation 
cuff/pilot tube 

Transmission of anesthetic gases 
and vapors: obstruction 

Gas supply problems 
Leaks in transm. of anesth. gases 
Valve problems 

Halothane/trilene left on from 
previous case 
Inaccurate oalibration 
vaporizer 
Drug swap 
Drug omission 
OverQose/unnecessary drug 

------------------------* 

IV-route problem: air in 
drip line 
IV in wrong arm 

------------------------* 
Miscellaneous 

Meijler 

Dis- or wrong connect
ion in breathing 
system 

Problems with in- and 
extubation 

Inappropriate airway 
maintenance 

Incorreot gasflow 

Drug administration 

Inadequate fluid 
replacement 

IV-apparatus 

Monitoring problems 

Others 

* From other surveys mishaps fall into this category of the 
generalized classification but this is not the case with 
mishaps olassified by Craig and Wilson. 
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It is a matter of course that to enable this conversion, 

our classification had to be less specific (generalized). 

The conversion tables for the remaining studies are given 

in Manteleers (1985). The resulting mishap incidences of 

the six studies with respect to the generali~ed classitica~ 

tion are given in table 8.3. The tirst six oolumns present 

the incidence of the mishaps tor eaoh study in percentages. 

Because all studies now have a common classification, the 

incidences can be compared. The next two columns give the 

weighted means of, respectively, the mortality and the 

critical-inoident studies. The mean of both the mortality 

Table 8.3 

The incidence of mishaps in percentages acc:o.:ding 
to our classification as based upon six surveys. 

t 
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1 ; Dis- or wrong connection. ~.2 1.5 13.5 9.8 2.4 10.1 7.3 
2 ; Problems with tn· and extuDatlon. 36.4 17.Q 14.4 11.5 2Q.9 7.7 16.5 8.9 11.7 
3 : Inappr. airway m3~nten3nce. 13.8 22.7 7.4 11.5 1_2 6_8 10_1 6_3 i.7 

4 : Incorrect gasflow. 13.8 1.9 6.4 11.5 27.1 31.1 8_6 30_7 22_" 
5 : Drug 3dmir"liSlr;3ti(:lr'l. 14.9 26.4 16.7 1.5 18_6 17.1 15_6 17_2 16_6 

6 : Inadequate fluid I'eplacemen~. 6.4 7.6 1.7 26.9 ~_a 6_0 j_5 4.4 

7 : IV·apparatus_ I.e 2.4 6.8 0_2 6.4 4.1 
8 : Monitoring problems. 7.1 6.$ 4.1 
9 : Olners. 12_7 22_7 4<1_1 3S_6 1!;.Q 9-8 40_6 10.4 ~1.5 

mOrt.lity e.i. 
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and the critical-incidents studies is given in the last 

column. The number of mi5haps on whioh the studies are 

based determines the Weighing of the study-results in the 

computation of the mean. Although there is a oonsiderable 

variation between the incidence~ (as expected), the mishaps 

with the highest incidence can be seen clearly. Most 

mishaps occur in relation to: 

incorrect gasflow (22.6%) 

drug administration (16.6%) 

problems with in and extubation (11.7%) 

Also inappropriate airway maintenance en dis- or wrong con

nection have a considerable contribution with each more 

than 7%. As a possible reason for the differences between 

critical- incident and mortality results we want to mention 

a reason which stands apart from the differences in study 

methodology as discussed above. This concerns the different 

sensitivity of critioal~incident and mortality studies for 

a fatal outcome. Some mishaps may occur often and be 

recorded as a critioal-incident but they do not always 

result in a fatal outcome. For instance, a critical-in

cident with the gasflow occurs very frequently (30.7%), 

although in the majority of the cases it does not lead to a 

fatal outcome (8.6%). 

We mentioned before that causes, associated factors 

and cOhsequences are all essential to 

Several authors have investigated which 

most freqUently associated with the 

(Cooper et al (1984), Craig and Wilson 

Mushin (1982): 
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describe a mishap. 

are the factors 

observed incidents 

(1981), Lunn and 
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-lack of experience 
-inadequate familiarity with the equipment 
-haste 
-omission of routine inspections 
-fatigue 
~lack of communication with cOlleagues 

suggestions: 

Above we presented the main causes and associated fac

tors whiCh are related to mishaps. with respect to further 

research on the application of automation, we think that 

further research on the mishaps in category 1 (dis- or 

wron9 connection), 4 (incorrect gasflow) and 5 (drug ad

ministration) should be instigated. 

Many of the mishaps in 1 and 4 may be prevented by the ap

plication of e~isting monitoring devices such as oxygen 

analyzers, CO 2 analyzers and by ventilation and disconnect 

alarms (Spooner and ~irby (1984), Duberman and Bendixen 

(lS84». The former advise as well the USB of better equip

ment checks (see below) . 

oUr opinion is that" as a first step an automated system 

could take care of the central presentation of alarms gen

erated by these devices. This could be easily implemented 

in D~OS. 

Also the positioning of additional sensors at some other 

critical places in the routes of the gases to the patient 

must be considered, for instanoe to prevent N20 instead of 

02 supply (Footerman 1983). central alarming facilities can 

again be provided for by the computer. 

The prevention of errors in drug administration (oategory 

5) (~arner @t al 1985, Harrison and Ludwig 1983) and fluid 

replacement (category 6) is, in our opinion, a tremendous 

challenge for physicians and engineers alike. An extension 

for future monitoring systems is ne~d~d, whioh could take 

the form of a software package which performs checks on the 
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administered drugs and fluids, and alarms when necessary. 

For this to function, the system will need information 

about demographic data, patient history, allergies, phar

macokinetics and type of operation. The easy entry of these 

data into a computer requires further steps in the automa

tion of hospitals. On that subject suggestions were already 

given in section 2.5 (networking) and 6.2.3 (bar-code la

belling). In section 3.8 we mentioned the planned medical 

data display facility which was developed for OADS. This 

display will present all the interventions including the 

administered drugs and fluids with the corresponding cumu

lative doses. If limits were known to the system, a message 

could be generated when exceeded. 

With respect to the associated factors we think that 

the improvements as suggested in chapter 2 may deal with 

the lack of communication. TO prevent the omission of rou

tine inspections we refer to the checklist as published by 

Spooner and Kirby (1984). Such a list could easily be gen

erated by an automated system in the operating room. As far 

as necessary the system can ensure the acknowledgement by 

the anesthesiologists or the technicians of the points on 

the list. 

Further strategies into the prevention of associated fac

tors which do not belong to the scope of this thesis are 

given by Cooper et al (1964). 

8.3. Discussion 

Above, We were able to give a number of recommenda

tions for future automated patient monitoring systems. Be

cause of the generalized classification which had to be ap

plied to enable comparing of the outcomes, some details 

from the surveys were lost and recommendations COUld only 

be given in general terms. Much effort has yet to be spent 

Section 8.3 



on research before implementation of the suggestions can be 

effected. Some of these ideas, or parts of them are also 

recognized by the industry. For example, programs are being 

developed for the computation and updating of drug adminis

tration and fluid balance records. 

The classification problem has been extensively dis

cussed in a symposium in Boston on preventable mortality 

and morbidity. Several suggestions for classifications have 

been given (Keats and Siker, 1985): "For example, the 

mechanism (prooess) of a harmful outoome was desoribed by 

one contributor as a oascade initiated by an occurrence, 

followed by a potentially harmful outcome, a complioation 

and a final outcome. Intervention may halt the cascade at 

any point, and these interventions require classification. 

Another participant defined undesirable outcomes in thera

py, diagnostic oosts, and length of stay in terms of devia

tions from expectations of the patient and the physician. 

Other approaches were based on classification by organ af

fected, by anesthesia management area (airway circulation, 

drugs) or simply a list of all adverse anesthesia oc

currences". But, acoording to Keats (1979), even when the 

errors could be correctly identified "all published esti

mates of their incidence are unacoeptable" because there 

are mishaps which are not preventable and thus should not 

be included in the results. In addition, Cooper et al 

(1978) make a distinotion between equipment failure and hu

man errors. 

In our opinion, many of the above-mentioned problems in

curred during the classification of mishaps can be avoided 

if causes, reasons or associated factors and consequences 

are clearly discriminated and each has its own classifica

tion. 
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For the causes, we believe that a classifioation in which 

both topological and chronological aspects are interwoven 

might be useful. For instanoe, with respect to drug ad

ministration the classification could Qe; 

* drug supplies 
* drug storage in OR 
* drug preparation (peroperatively) 
* drug administration 

We suggest, partly based on Cooper et al (1979), that the 

main classification of associated factors cquld be: 

-whether the incident is workplace induced, 

that is, caused Qy the spatial arrangement of the equipment. 

-design-induced, that is, resulting from equipment 

failure or characteristics enhancing the probability of error. 

-operator-induced, caused by inadequacies of individuals. 

-organization-induced, caused by shortcomings in the 

hospital, or OR organization. 

-procedure-induced, long surgical procedure etc. 

Finally: for the future we again advise, the utiliza

tion of the computer as a centralized, collecting system. 

It should Qe applied not exclusively for monitoring and 

processing of patient signals (as already realized by 

DADS), but should also register and process information on 

administered drugs and fluids. Furthermore, the control, 

read out, and checking of all anesthesia and monitoring 

devices should take place by means of this system. It must 

be realized that human errors can never be completely 

avoided. An 

anesthesia is to 

important contribution of 

help alleviate unwanted, 

consequences of such errors. 
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SUMMARY 

In this thesis the development, clinical evaluation 

and ergonomic revision of a Data Acquisition and Display 

System (DADS) for patient monitoring during anesthesia is 

discussed. DADS was developed with the aim of improving 

deficiencies in the organization of information presenta

tion and the low standard of information processing in the 

operating rooms (Chapter 3). 

Particularly during cardiac-anesthesia, on which this 

thesis focuses, the number of patient variables to be moni

tored may amount up to 30, and their presentation is vari

OUs and scattered. Still, it is expected that the 

anesthesiologist swiftly makes the Correct decisions and 

acts accordingly. In this thesis the worksituaticn of the 

anesthesiologist in the operating room is systematically 

described (Chapter 2). In this way it became clear that an 

efficient task performance is almost impossible and a 

number of recommendations for improvement by means of auto

mation could be given (section 2.5). Some examples: 

- The automated acquisition, processing and centralized 

display of measurement data should not exclusively concern 

the anesthesia equipment, but also for instance, the 

cardio- pulmonary bypass apparatus. Transfer of information 

between Buch devices should be possible as well. This 

aspect will not be elaborated in this thesis. - The cri

terion of centrali~ed and comprehensive presentation of 

information should also be met by the layout of the equip

ment controls. This implies that further integration and 

adjustment of equipment is required. To give expression to 

our recommendations on this point, a design of a new "maxi 

DADS" was realized in collaboration with a commercial 

partner. The steps l~ading to the design of the "maxi DADS" 

are comparable with thOse for the cockpit of an aircraft 

(Chapter 6). In that same chapter ergonomic guidelines for 
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information presentation (use of color, legibility) and 

operation of such a workstation are given. - It was found 

that the need existed for a reduction of the workload by 

the automatic generation of an anesthesia record. In addi

tion, such a record promised to be much more objective and 

le~ible than the handwritten record. Therefore an automated 

record was implemented which, according to a questionnaire 

submitted to the users, clearly lived up to the expecta

tions. 

The deficiences as described in chapter 2 and the 

revisions of DADS induced by them, all torm part of an 

evaluation method Which we developed and applied to DADS 

(Chapter 4). This method gives a strategy which prescribes 

in the first place knowledge-acquisition on the subjects of 

task-analysis, ergonomics and "critical-incidents". Depart

ing from this knowledge, the criteria both for redesign of 

the system and for testing its (clinical) performance could 

be composed. 

TWO important facilities of DADS have been subjected 

to clinical testing (Chapter 5): 

1. An alarm algorithm that warnS for fast changes has been 

implemented in DADS. By relating the generated warnings 

with the actions of the anesthesiologists, the usefulness 

of the warnings could be determined. It was shown that use

ful warnings can be expected mainly for unexpected problems 

with the equipment or catheters, at the moments of 6tre~S 

arousing interventions and after the administration of 

(vasoactive) drugs. We demonstrated that it must be p06si~ 

ble, because of their deviating signal pattern, to suppress 

part of the false warnings which are triggered by 

artifacts. We also postulate that by making sure that the 

system i6 (automatically) provided with time and character 

of medical interventions, the percentage of useful warnings 

can be increased. In spite of these measures, we expect 
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that for the time Qeing the number of useful warnings will 

remain between 10 and 20%. This is not surprising, when we 

take into account that the study revealed only about two 

fast signal changes per hour which are sufficiently clini

cally signiticant to cause a warning. we estimated that in 

addition, some 10 slow clinically significant changes per 

procedure occur. The continuous trend presentation in DADS 

(graphical display) contributed to the detection of these 

unwanted slow changes. 

2. In a second test it was investigated whether the system 

display of DADS that is based on the principle of the 

'artificial horizon' (bar display), has an influence on the 

behavior of the hemodynamic signals as measured at the 

patient. Although no significant conclusions could Qe drawn 

for the small population inVestigated, the expectation was 

confirmed that controllability of anesthesia depends only 

to a minor degree on the monitoring equipment and to a much 

greater extent on the type of patient, his preoperative 

status and the attending anesthesiologist. However, we 

noticed that an experienced anesthesiologist tended to have 

a lower error of control when using DADS. In addition a 

better picture of the way in which variables are controlled 

was obtained. Not all signals receive the same attention 

during control. tn general, most effort was put into the 

control of the systemic arterial pressures. The mean pul

monary pressure Shows, especially at induction, apparently 

poorly controllable peaks. The mean central venous pressure 

mainly shows smaller changes and reacts slowly. In this 

signal the trends seem to be most important. 

Further improvements in alarm algorithms can be 

achieved by using correlations Qetween signals. At the 

moment, the knowledge gained with the present study is 

being applied in an expert system which will be developed 

in subsequent research within the division, with the goal 
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of raising alarm algorithms to a more intelligent level. 

Finally, we wish to stress the important recommenda

tion that aspects to which automation might be most effec

tively applied, are those where the most critical-incidents 

occur. Critical_ incidents are defined as those mishaps 

which, if not recognized and obviated in time, could be 

detrimental to the patient. Aspects to which automation 

should be initially applied are, amongst other things; 

drug administration, - incorrect gasflows and - disconnec

tions in the breathing circuit. 

On the whole, the investigations described were suc

cessful in leading to an objective charting of anesthesia 

management and the corresponding signal behavior. This 

proved to be very useful in achieving improvements in moni

toring. 
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SAMENVATTIllG 

In dit proefschrift worden de ontwikkeling, klinische 

evaluatie en ergonomische herziening van een Data 

Acquisitie en Display systeem (DADS) voor patientbewaking 

tijdens anesthesie beschreven. Met de ontwikkeling van het 

DADS werd begonnen om verbetering te brengen in de 

gebrekkige organisatie van informatiepresentatie en 

-verwerking op operatiekamers (Hfst 3). 

Met name bij de in dit proefschrift bestudeerde open

hart chirurgie wordt de anesthesist geacht op basis van een 

dertigtal verspreid gepresenteerde meetgegevens in hoog 

tempo beslissingen te nemen en alle daarmee samenhangende 

handelingen uit te voeren. In dit proefschrift wordt met 

een beschrijving van het Werk van de anesthesist en zijn 

werkorngeving aangetoond dat een efficiente taakuitvoering 

in de huidige omstandigheden in feite onmogelijk is (Hfst 
2) . Hierop gebaseerd worden een aantal concrete 

aanbevelingen gegeven, waarop met systemen zoals DADS zou 

kunnen worden ingespeeld (section 2.5). Enkele voorbeelden 

hiervan: 

- Niet aIleen bij de anesthesie apparatuur maar ook bij 

onder andere de hart-long machine zouden gegevens 

automatisch moeten worden verzameld, bewerkt en centraal 

gepresenteerd. Ook overdracht van informatie tussen dit 

soort apparatuur onderling zou mogelijk mosten zijn. Hierop 

zal in dit proefschrift niet verder worden ingegaan. 

Niet aIleen de informatie-presentatie maar ook een 

centrale, overzichtelijke rangschikking van 

bedieningsmiddelen lijkt zeer gewenst. Dit betekent dat een 

verdergaande integratie Van de apparatuur noodzakelijk is. 

Om onze aanbevelingen ten aanzien van apparatuur integratie 

tot uitdrukking te brengen, is in samenwerking met de 

industrie een "maxi DADS" ontworpen; een geintegreerd 

werkstation waarvoor de ontwikkslingsstappen vergelijkbaar 
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Z1Jn met die vaar de cockpit van een vliegtuig (Hfst 6). In 

dat zelfde haofdstuk worden tevens richtlijnen gegeven voor 

de l~~sbaarh~id van informatie en het gebruik van kleur op 

d~ b~~ldsch~rm~n van zo een werkstatian. 

- Oak blijkt er grote behoefte te bestaan aan een werklast 

verlaging door het automatisch genereren van een (daarmee 

ook vee1 obj~ctiever) anesthesievers1ag. ZO een automatisch 

anesth~$i~v~rslag is door ons ontwikkeld als uitbreiding 

bij DADS. Het bleek vOlgens een enquete onder de gebruikers 

in de praktijk uitstekend te voldoen (Hfst 7) . 

Bovenbeschreven herzieningen van DADS en de ertoe 

aanleiding gevende 

allemaal deel uit 

probleematelling 

van een door 

in hoofdstuk 2 maken 

on5 ontwikkelde en 

toegepaste evaluatie- methode (Hfst 4). Deze methode geeft 

een strategie die in de eerste plaats kennis-acquisitie 

over taakana1yse, erg-onomie en "critica1-incidents" 

voorschrijft. Aan de hand van deze kennis moeten criteria 

worden opgesteld op basis waarvan enerzijds het systeem kan 

worden herzien en waaraan anderzijds het (klinisch) 

functioneren van het systeem moet worden geteat. 

Twee belangrijke aspecten van het systeem zijn getest 

op het klinisch fUnotioneren (Hfst 5) ; 

1. Het klinische nut van het geimplementeerde dynamische 

alarmerings algorithme, dat waarschuwt voor relatief snelle 

signaa1verandering~n, werd bepaa1d aan de hand van de eraan 

gerelateerde handelingen van de anesthesist. Hieruit vo1gde 

dat de nuttige alarmeringen vooral gevonden moeten worden 

in onverwachte problemen met de apparatuur of meetlijnen en 

verder bij alle stress inducerende interventies en na de 

toediening van (vasoactieve) medicamenten. Veel valse 

alarmeringen werden veroorzaakt door artefakten. Daarom is 

een off-line werkend programma ontwikkeld dat een groot 

aantal van de artefakten onderdrukt. Oak hebben we een 

begin gemaakt met on-line onderdrukking van de meest 
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uitgesproken artefakten. Verder postuleren wij dat door een 

betere bekendheid van het systeem met de momenten van 

interventies het percentage nuttige alarms opgevoerd kan 

worden. Ond~nks al deze maatregelen, zal voorlopig het 

aantal nuttige alarmeringen tussen de 10 en 20% van hat 

totale aantal blijven hangen. Dit is echter niet zo 

verwonderlijk aangezien er 

alarmeringen per uur, let wel, 

veranderingen, bleken op te treden. Naar 

twee 

op snelle 

schatting 

nuttige 

signaal 

treden 

er dan ook nog eens 10 langzame klinisch signi!icante 

ve;nmder ingen per operatie op. Er is gebleken dat de 

continue trend-presentatie van DADS (grafiebm display} 

bijdraagt aan de detektie van deze ongewenste, langzame 

veranderingen. 

2. De invloed van het systeemdisplay dat gebaseerd is op 

het principe van de "artificial horizon" (balken display) 

op de stuurbaarheid van parameters zoals gemeten bij een 

patient onder narkose is onderzocht. Hoewel bij de 

onderzochte, kleine populatie geen 

over de bijdrage van DADS kon 

verwachting bevestigd dat ds 

eensluidende uitspraak 

worden gedaan, lijkt de 

stuurbaarheid van de 

anesthesia slechts in geringe mate van de monitoring 

apparatuur afhangt en in vee 1 grotere mate van andere 

type patient, zijn preoperatieve factoren zoals het 

toestand en de behandelende anesthesist. Toch was er een 

tendens waarneembaar dat een ervaren anesthesist een 

stabielere sturing bereikte met het gebruik van DADS dan 

bij uitsluitend gebruik van de conventionele apparatuur. 

Van de wijze van sturing hebben we een beter beeld 

gekregen. Niet alle variabelen krijgen eenzelfd€ 9€wicht 

bij het sturen. Met name aan de arteriels drukken wordt 

nogal wat aandacht besteedt. De gemiddelde longslagader 

druk vertoont vooral bij de inleiding nogal eens een 

5chijnbaar slecht stuurbare uitschieter. De gemiddelde 
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centraal veneuze druk vertoont meer kleine 

veranderingen en reageert langzaam. Hierin lijken vooral 

de trends van belang. 

rn de toekomst ~ijn verdere verbeterinqen in de 

alarmering te Yerwachten door gebruik te maken van 

correlaties tussen signalen. Mornenteel wordt onder andere 

de kennis die met de studies naar alarmering en 

stuurbaarheid is verkregen, bij vervolg-onderzoek binnen de 

vakgroep toegepast in een "expert -system" dat wordt 

ontwikkeld am alarmering op sen intelligenter peil te 

kunnen brengen. 

critical-incidents zijn die fouten, die als ze niet 

worden gecorrigeerd, nadelige gevolgen kunnen hebben voor 

de patient. Een aantal van de critical-incidents wordt 

waarschijnlijk al voorkomen door het gebruik van DADS en de 

bovengenoemde herzieningen. We pleiten er echter voor dat 

in de toekomst kennis over de oorzaken van werkelijk 

optredende critical-incidents gebruikt wordt om 

geautomatiseerde patient bewakingssytemen zo doeltreffend 

mogelijk te ontwerpen. We leiden af (Hfst 8) dat er als 

eerste ingegaan zou moeten worden op critical-incidents die 

optreden bij: de toediening van medicamenten, door 

incorrecte gasstromen en door disconnecties in het 

beademings circuit. 

over het geheel genomen heeft het in dit proefschritt 

beschreven onderzoek geleid tot een ordening en indeling 

Van het anesthesie-baleid en het eraan gerelateerde verloop 

van signalen zoals gemeten bij de patient. pit bleek een 

zeer efficiente methode om tot verbeteringen 

monitoring te komen. 
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APPENDIX 2.B 

A SURVEY OF EVENTS DURING CORONARY BYPASS SUEGERY 

The events are given in alphahetical order. The events 

marked with an asterisk give rise to an artifact and can be 
marked by the operator of DADS by means of the artifact 

button. 

Activated Clotting Time (ACT), 
start determination 

ActiVated Clotting Time, 
readout value 

Blood transfusion 
Bypass start 
Bypass stop 
Callibration * 
Cannulation aorta 
cannulation Left Ventricle 
cannulation lnferior Vena Cava 
cannulation superior Vena Cava 
capno-line pinched 
Cardiac Output (CO) determination * 
C<l.rdioplegia 
Change flow 
Change perfusor setting 
Change ventilator setting 
Clamping aort<l. 
Clamp from <l.orta 
Decannulation aorta 
Decannulation Left Ventricle 
Decannulation Inferior Vena CaVa 
Decannulation Superior vena Cava 
Defibrillation 
Disconnect ventilator 
Oraping 
Drug administration 
ECG electrode disconnected 
Fibrillation 
Fluid infusion (intra venous) 
Flushing * 
Incision 
Induction 
Intubation 
Laryngoscopy 
Manipulation heart 
Pacemaker on 
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Pacemaker o;ff 
Pericardium open 
pericardium closed 
Sampling arterial line * 
sampling venous line * 
scrub 
Side-clamp aorta 
Side-clamp from aorta 
sternotomy 
sternal spread 
sternal spread maximal 
sternal closing start 
sternal closed 
stomach-tube 
Swan-Ganz catheter manipulation * 
Table head up 
Table head down 
Transducer plateau up * 
Transducer plateau down * 
Urinary catheter 
urinary production 
wedge 
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APPENDIX 3.A 

GROUNDS 

THE DISTURBANCE DETECTION ALGORITHM: BACK-

Every second the variables derived from the measure

ments at the patient (to be called data points or obser

v~tions) are subjected to a check to determine whether 

they exceed their static alarm limits. These limits have 

been set by the user of the system and correspond to 

limits as presented on one of the displays of DADS. When a 

limit is exoeeded the status too high (7) or too low (6) 

is attached to the variable and its presentation on the 

displays is enhanoed. 

If the variab~e is within the static limits it is ohecked 

on dynamic disturbances. This part of the algorithm has 

been developed by Gieles (1973), Jorritsma et al (1979) and 

Blom at al (1981). 

Giales oollected a set of signals from patients during 

gynaeoological procedures. He found that within a period ot 

two minutes no signifioant trends appeared in these sig

nals and the amplitude followed approximately a normal 

N(r,u2
j distribution. The running average i k is an estima

tion of the mean of the distribution with 

The filterconstant tx is set at 128 sec (2 7 ). The mean 

deviation dk is an estimation of the standard deviation 

(or more accurately dk~3/4a) with 

Where filterconstant td equals 1024 sec (2 10 ). The value 

for tx was chosen to allow the assumption of normality 
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and to ensure a good tracking of the signal 

corresponding to an accurate average, which in turn is 

essential for reliable values of dk • 

However, such a small filter constant should not be chosen 

for the mean deviation. The mean deviation would then fol

low the disturbanoes in the signal, instead of detecting 

them. In figure 3.Al the flowchart of the algorithm is 

given. 

The null hypothesis for the detection test is, that the 

data points are taken from a normal ~robability distribu~ 

tion with parameter values estimated as indioated (above). 

It is rejected as soon as a sample xk+l satisfies 

This is the same as saying that x
k

+1 is exceeding the con

fidence interval ranging from -4dk 4 +4dk . Except for a 

probability of 2.8% One can then be sure to have detect

ed a disturbance, assuming the assumptions of the signal 

model hold. When a data point exceeds a limit of 5d
k 

it 

notably widens the confidenoe interval and therewith 

reduces the chance for detection of the next distur

bance. On the other hand it can be stated that except 

for a probability of .02% it belongs to a disturbance. 

No big mistake is made in computing xk+1 if such a data

point is being weighed much less. Therefore, the filter 

constant tx is increased to 512 sec. (2 9 ). With each out

lying datapoint a "disturbance counter" is incremented, up 

to a maximum of 15. This counter is decremented with each 

datapoint found within the confidence bands, down to 

zero. As soon as this counter is 15 a message regard

ing the di5turbance is generated. 
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Figu~e 3.Al Flowchart of the 
distu~bance detection algoritnm. 
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such a message reads for instance: 

"C02BX disturbed, above limit" 

In two initial learning phases after a signal has been 

switched on, smaller time constant5 will result in accurate 

starting values for xk and dk within 30 sec. After thi5 

learning period normal processing begins with the original 

time constants (fig 3.A2). ~he described algorithm detects 

strong, statistically significant disturbances. However it 

is intended to warn for situations which are also clinical

ly significant. In chapter 5 the outcome o.! the algorithm 

is compared to clinically significant situations. 

tx 

td 

24 27 27 2
9 27 

I I I 

I , I 

I 24 2
10 

' 2
10 210 

1 I I 

I I 1 
I ..( I 
1 I I 
I I I I 
I I I I ........... ______________ .... _____ ._ T 

5 30 0 

t L. t 1· 
~t[sec] 

I 
start start normal normal 
learning learning processing disturbanCe processing 
phase 1 phase 2 ::0 Sdk « 5dk ) 

Fig.3.A2 ~he values of the time con5tants t and tk 
in the different conditions of the disturbance 
detection algorithm. 
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APPENDIX 5.A 

ARTIFACT SUPPRESSION 

AS mentioned in section 5.3.2, the operator of DADS 

marked occurring artifacts by means of a special key. The 
program for off line computation of the surface areas was 
extended with a speoial subroutine for identifying those 
points around such a mark Which belong to the artifaot. If 
these are determined they can be excluded {rom the computa

tion of the sUrface areas. To be able to suppress the ar
tifacts it was neoessary to determine whether the artifaots 

were composed of recurrent patterns. To this end We made a 

small inventory of the occurring artifacts for two of the 
stUdies. 

The following points were recorded: 
+ begin time of arti{aot 
+ time of deteotion (marking) by the operator 
+ end time of artifact 
+ number of maxima respectively minima 
+ difference between the first and 

the last two successive samples 
+ minimal difference between two successive samples 
+ caUSe 
+ highest and lowest value 
+ number of samples 
+ number of samples with DADS state 4,5,6 or 7 
+ form of the artifact 
From the inventory we concluded: 

Most artifacts have a duration of about one minute, 
however SOme last as long as three minutes. Artifacts may 

have only one extreme, however two maxima and one minimum 

are no exeption. Artifacts with more then one extreme often 

have a crossing with the (DADS) confidence interval (width 

for a~tifact detection on 3 times the mean deviation of 

the signal around the running ~verage). However this cross
ing consists mostly of one sample. Two suocessive samples 
within the oonfidence interval generally mark the end of 
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the artifact. ~he start of an artifact, i.e. the 5amples 

preceeding the artifact marking, are only part of the ar

tifact if from artifact mark looking ~ackward5, they lie 

consistently out5ide the confidence interval. The num~er of 

samples preceding the artifact mark, does not generally 

exceed four (or one minute). 

Based on these conclusions we designed an artifact 

suppression algorithm. To this end four samples preceding 

an artifact mark and eight samples following the artifact 

mark have to be tested again5t criteria to determine wheth

er they belong to the artifact. ~o keep up with this ad

ministration we mark the 5 most recent samples with a 

pointer: four samples corresponding to the accepted maximum 

length of one minute before the artifact mark; one pointer 

for the most recent sample. With each new sample the 

pointers are shifted one place. By means of these pointers 

we are able to delay the whole offline data processing with 

four samples. This must be done, since upon detection of an 

artifact mark the four preceding samples must first be 

checked before further surface computation can take place. 

Thus, previous to the computation of the surface areas the 

program REPORT scans the data on occurrence of the artifact 

mark and marks the datapoints which are part of it. 

In pseudo fortran: 

For I~l,4 do 
if(XT(pntr(5-i»>AVT+3*DEVT) 

Pflag(pntr(5-i»~.false. 

~hus at the moment of identification of the la5t sample 

(pntrS) proce55ing does not yet take place on this sample 

but on the sample detected one minute previou5ly (pntrl) 

and thsn only when that sample is accompanied by a flag 

which indicates whether processing is allowed 

(pflag{pntrl)=.true .). 

A150 eight samples following the artifact are being checked 
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against the same criterion: 

For 

If 

Then 

PACNTR=S down till 0 

XT(pntr(5»AVT+3*DEVT 

Pflag(pntr(5))~.fal~e. 

The first sample for which holds that 

XT(pntr(5) ) <AVT+3*DEVT still gets the pflag~.f~lse. mark. 

This enables the detection of an artif~ct with two ex

tremes. 

As soon as two adjacent samples both lie within the confi

dence limit, or only one which however is the last data 

point in the series of eight, these are marked with 

Pflag(pntr(5) and pflag(pntr(4))=.true. The artifact is 

considered to be over. 

Remark1: In the case of two sUbsequent artifacts, the 

datapoints marked as unfit for surfaoe computation by the 

first artifact are being blocked for remarking by the next 

artifact. Also datapoints which were marked as not belong~ 

ing to the first artifact as yet can be marked as unfit by 

the next. 

Remark2: Data points which are marked as unfit for 

surface area comput~tion are also considered as unfit for 

updating of running average and mean deviation. It may hap

pen that after an artifact the signal behavior lies on a 

somewh~t different level As a consequence it can last a 

long time before AVT and DEVT have returned to reali~tic 

values. This of course influences the detection of ar

tifacts over these periods. 

Remark3; Sometimes it may occur that the operator 

misses an artifact. To prevent these artifacts from dis

torting the controllability values, the algorithm for ar

tifact suppression is also initiated when one of the vari

ables exceeds a certain limit. These limits were set at 
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200mmHg for PART, 40 mmHg for MPAP and 20rnmHq for MCVP. NO 

separ~te limit was set for the HR because of its close re

lationship with the artif~cts in PART. 
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Het 
dan 

I 
ontwerpen van een nieuwe bureaustoel 
h~t vaststellen in hoeverre en waarom 
nit proefschrift 

ll: 

is eenvoudiger 
hij !:leter zit. 

Wanneer geaccepteerd wordt dat het optreden van menselijk 
talen onvermijdelijk is, kan automatisBring worden 
toeqepast o:m de Ineest frequente "critical-incidents" te 
voorkomBn en/of de gevolgen ervan te beperken. 

Dit proefschrift 

De hUidige 
anesthesist 
kamer. 

III 
stand van de techniek vereist zowel een 
als een anesthesie-technicus op de operatie-

IV 
De "preferential looking" tBchniek voor de bepaling van de 
visuele qBvoeligheid bij babies, verdiBnt qee.n preferentie 
vanwege zijn onqe.voeligheid. 

Meijler AP et a1 (1982) 
Doc ophtal Proc Series 31: 229 

v 
Bij de bepalinq van het ~aargenomen contrast van 
informatle op beeldschermen, moet naast het uit de 
o:mgeving aan h~t $oherm gereflecteerde licht ook de 
lichtverstrooiing in de optlek van het oog worden 
betrokken. 

Van den Berg TJTP (1985) 
Ooc ophtal:mol 61: 327 

VI 
Het kubisme. is mogelijk een gevolg van het feit dat Paul 
Cezanne aan diabetische retlnopathie leed. 



VII 
Statistische standaard programmatuur 
eenvoudi9 tot numerieke resultaten 
conclusies. 

VIII 

leidt vaak even 
als tot onjuiste 

Atopisch eczeem kan in sommige gevallen verergeren door d@ 
zalven die worden voorgesohreven om de symptomen ervan te 
bestrijden. 

Braun-Falco 0, Plewig G, Wolff H (1983) 
Dermatolo9ie und Venerologie. 
3.Aufl. Berlin, springer: 313 

~x 
Het huidige sohoolsysteem biedt qeen ruimte voor voldoende 
ontplooiin9 van het goed lerende kind. 

X 
Men kan zioh afvragen hoe de geestvermo9sns van de 
emeritus hoo9leraar worden ingeschat ala hij wel als 
promotor, maar nlet ala gewoon lid deel uit mag maken van 
Ben promotiecommissie. 

Algemene toelichting bij artikel 1 
van het promotle-reglement van d@ TUE 

XI 
Het DADS systeem geeft door zljn transparantheid Ben beter 
beeld van de patient onder anestbesie dan de conventionele 
apparatuur. 

XII 
Gelijke kansen voor vrouw en man zijn een illusie. 
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