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1.1.1 the cardiac HoawnWH

When a patilent is noumﬁwmm to a hospital bed, long continuous measure-
ments can be made by EmWﬁm of a cardiac monitor according to a concept
described by Haber nwwmwu. The continuous ECG-signal is evaluated

automatically and is recorded if a significant change in heart rate or

in width of the owmln05Wme ocecurs. An alarm may be sounded at the same
time. This method was used by Spann et al (1964) for patients in the
acute phase of B%oan&wWH infarction (MI) and by Criscitiello er al
(1965) for the detection of transient arrhythmias in patients with
palpitations, dizziness or syncope. It is still used today in the modern

coronary care unit.

1.1.2 exercise mHmOdHoownmwomﬂmﬁﬁw

Already in the early stiages of electrocardiography, there was interest
in the effect of mxmﬂnﬂmm on the ECG. Einthoven {1908) had his old
laboratory porter OHwﬁﬂwm flight of stairs in order to study the modifi-
cation provoked by ﬁ?%manH exertion. Bengtsson (1956) mentions reports
by Strubel in 1912, Rumpf in 1913 and ¥ahn in 1914. Goldhammer and
Scherf proposed in Hmwwwﬁrmn "the electrocardiogram be obtained after
exercise in order to wﬂmmﬂomm coronary stenosis early and objectively'
(see Scherf, 1960). :

Much discussion has wmmw devoted to the question which criteria should
be used to establish ﬁﬁwm diagnosis (Scherf, 1960; Mattingly, 1960). The
kind of exercise the mnvumnn should perferm is alsc of importance. This
might be a step~test mm proposed by Master et al (1942), riding a
bicycle ergometer ﬁwmﬂmnmm05, 1956) or walking a treadmill (Simonson &

Keys, 1956). Yu and mommmﬂ (1952) emphasized the importance of recording

the ECG during rather than just after exercise. The diagnostic value of

exercise electrocardiography may be increased by computer-assisted

quantitative analysis of the ECG (Simooms et al, 1981).

1.1.3 HwnHotmwmnﬂHonmﬂﬁﬁomnmvr%

Solutions were sought L&Hnﬁ would permit ECG~recording without gravely
interfering with the freedom of the subject. Holter (1949) was the first
to use radio transmission to eliminate the cables, an idea also origi-
nating from Einthoven mwmomv. This only required that the subject stay

within the range of ﬂrm radio receiver. This method was developed

~14
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1.2.1 ¢linically normal wumwdwncmwm

Hinkle et al (1969} ﬂmﬂmmﬂrm first to use this new ECG-recording technique
on & large scale. Six wowﬁ recordings were obtained from 301 actively
employed men who were ﬁaw through a standardized routine of activities.
This provided data nownmwmwpm the prevalence of different arrhythmias in
a population sample. mosm<mﬂq 20% of these subjects were known to suffer
from coronary heart awmmem.

Studies of subjects without clinical evidence of cardiovascular disease
such as the one HmﬁOﬂnmdew Verbaan et al (1977) have been reviewed by
Winkle (1980b) and Moss wwmwOU with regard to ventricular arrhythmias.
Prevalence of 'any wﬂmamwanm ventricular complexes' ranged from 15% te
100% and prevalence of <mﬁnﬂwnawmw tachycardia from 0% to 6%. Barrett et
al (1981) reviewed wHEHHWﬂ studies but also considered nom~ventricular

arrhythmias.

1.2.2 environmental mmnnmnm

Ambulatory moolﬁmnoanﬂmmeHoam registration of the ECG while the
subject is engaged in mnww<wnwmm which cause psychological stress, such
as driving an mcncBowHHmmﬁmmHHwﬂ et al, 1968; Taggart, 1969), public
speaking (Taggart et ww.wwmquvU performing psychelogical tests (Hinkle,
1964), coaching mQOﬂdeHMmmBmm (Gazes, 1969), or while the subject is
under circumstances Sﬁwnw cause physiological stress, such as high
altitude (Sanders et mHumHmmmuu during fasting (Wang et al, 1979), in a
sauna bath (Taggart, quwV. during sports (Odink et al, 1980) or during
sexual intercourse ﬁnowm%%v 1965). ECGs have also been recorded during
sleep (Shahaway, 1970; H@Sﬂu 1973) and in patients who had practiced
relaxation therapy ﬁwmﬁmmn et al, 1975). Naturally, some of these
circumstances including wwmmw occur during the ordinary recording of

24=hour ECGs in out-patients and contribute to the eventual results.

1.2.3 evaluation of munwwmnﬂwwnwswn therapy

Reduction of the mnmaﬁmﬁm% with which arrhythmias ocenr as detected by
24-hour ECG-recording some appear to provide an objective measure of

the effect of an mﬁﬂwlmﬂmwwnrﬂwn agent. This reduction should be measured
by comparing recordings @m each individual patient before and after
administration of the mﬂmm. However, critical application of this method

has revealed that reductions may occur as a consequence of normal

-16-~-
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al (1976) list studies of w#m prevalence of arrhythmias in patients with
witral valve prolaps, some|mmHWHﬁmow;zwwﬂm syndrome, bradycardia-
tachycardia syndrome, Hmwowmﬂwwo hypertrophic subaortic mnmﬁowwmu.
pacemaker malfunection and Wm patients with palpitations, dizziness or
syncope. They add that 4MAwnoﬂm of these conditions is the prognostic

significance of the mﬂﬁwwnwﬂﬁmm known'.

1.3 Ambulatory ECG-recording in The Netherlands

In The Wetherlands, the m@wwwomnwon of 24-hour ECG~recording was facili-
tated by the development of a service laboratory called Cardiolab, which
distributes all equipment needed for the recording of 24-hour ECGs to
individual hospitals. The analysis of these ECGs, however, is done in
one location (Rotterdam). This has several advantages:

- The instruments for the analysis, which are far more expensive than

the recording equipment, are used efficiently.
- Standards regarding mwsmnnwmnnﬂm and criteria for the detection of
arrhythmias are ﬁuHmoWB and are more easily kept up-to-date.
- Technical know-how nmf be concentrated among a few highly skilled,
specialized people. .
- Technicians who mﬂmw%%w these ECGs are more easily provided with
continuvous &wmrlwm4wwwnHmHnH5m and do not need to combine this work
with other duties. w
- Quality control is mmww and effective.
Cardiologists and Hﬂnmwﬂmem from all over The Netherlands make use of
the Cardiolab service. mwmwﬂm 1.1/1 illustrates the growth that has
taken place since its vmmw&uwﬂm in 1976. In 1981, more than 10,000
24-hour ECGs were mﬁmemmnw This growth reflects the growing popularity
of this non-invasive awmmﬁwmnwo method that is now within the reach of
every hospital, however mBMHH. All that is needed in the hospital itself
is 2 nurse or technician s&o has been instructed in the use of the
recording equipment and Hpmﬁrm correct application of the electrodes to
the patient's chest.
Each physician is free to Wmm his own criteria when deciding whether or
not the use of ambulatory wo0|ﬂmnOHmHnm is iIndicated. However, it is
possible to list several ﬂwvwnmw categories of patients for which the

method is currently being wmmmn
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recorded defore and after their administration. Often, however,

patients are monitored

some time but continue

who have been on anti~arrhythmic therapy for

to have symptoms. If the arrhythmias are

found to persist, a nmmmwm of therapy is indicated.

Patients in whom a pag
sometimes present with

intermittent) malfunct

emaker has been implanted. Such patients
symptoms which may point to (possibly

ion of the pacemaker. When the usuzl methods

of checking the vmn»ﬂ&#mn fail to detect any errors, a Z4-hour ECG

may be helpful.

i.4 Objective of the presen

The present study was
maticn can be derived from .

context of usual medical ca

t study

designed to investigate whether prognostic infor-

a 24-hour ECG which is recorded in the

Te.

It was concerned with a sample of patients for whom a 24-hour ECG was

analyzed by the Cardiolab s

and presented with signs mﬂm\on symptoms of such a nature, that

physician decided to have a

ECG-analysis served as an 2

treatment strategy for the

Wﬂ<Hnm. They came to the out-patient clinic
the
24-hour ECG recorded. The result of the
1d in diagnosis and/or the selection of a

dndividual patient. The recordings were not

made to determine the prognosis of the patients.

Through the construction of
identify ECG-findings which

that routinely available cl

account. The resulting prog

tisk of (ecardiac) death.

As has been mentioned in se
significance of arrhythmias
disorders, particularly pos
considering patients with o
the more pragmatical questi

the cardiologist or interni

a stage that little may be k

patient's symptoms.

progunestic equations, it was attempted to
would indicate risk of (cardiac) death given
inical information had been takem into

rostic equations permit estimation of the

ction 1.2, earlier studies of the prognostic

have been limited to patients with specific
t-MI patients. The present study, rather than
wm specific disorder in isolation, addresses
mu of the prognosis of the patient with whom
t is confronted im the out-patient clinic at

crown about the underlying causes of the
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For cases, cause of mmmn#wﬂmm classified as cardiac, non-cardiac or
cardiovascular (see 2.7). Cases with a cardiac cause of death were then
separately compared with wosnnowm. Multivariate analysis was used to
examine patient characteristics and their association with mortality in
conjunction with each other (see 3.4).

Multiple logistic Hmmﬂmmmwon equations were constructed for the predictien
of (cardiac) mortality (see 3.4.1). These equations were used to estimate
the prebability of mnmﬂawmov death for the individual patient (see 3.5.1).
Receiver Operating Characteristic (ROC) curves were used to represent

the performance of in nmenmmanwnw equations in prediction and to compare

the performance value of &Hmmmwmum equations (see 3.5.2).
2.2 Instruments and procedures used by Cardiclab

2.2.1 recording .

HP 142458 adhesive mHmnnH&mmm are used. The skin is carefully cleaned of
hair and fat and the patiént is instructed mot to take a shower during
the recording. Patients are requested to keep a diary of their daily
activities and whenever symptoms occur, to note in the diary time,
nature of symptoms and mnmwdwﬁwmm during which they were experienced.
The recorder is started and a test-~strip is recorded to check whether
the system functions mmwnmmﬂmH%. After this the patient goes home and is
free to engage in any activities he or she wishes. This procedure
applies to all out-patient clinics that make use of the Cardiolzb
service.

Portable battery-powered mmﬁmﬂmnowmmﬂm (Oxford instruments, Medilog
series) are used. They are light {400 grams), small (112x86x36 mm3®) and
utilize ordinary Philips mmmmmnmm tapes. Four chaunnels are available of
which only three are normally used: one for a signal from a clock module
{30 or 60 HEz) and two for the signals of two independent ECG leads.
These are a vertical Hmmawfwnr electrodes high (-} and low {+) on the
sternun, for an optimal recognition of P-waves and a lead called CM5
with electrodes above the apex of the heart (+) and on the sternum (-).
Tape speed is either 1 or 2 mm/sec. The frequency response depends on
the recording and playback speeds and on the recording method (amplitude
or frequency modulated). ﬂhmwum the study pericd, only Medilog 1 amplitude
modulated recorders were used with a frequency response in the range of
0.15 to 100 Hz. _m
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audible signal is also produced so that irrvegularities can be heard as

well as seen. When irregularities occur, the analyst stops the tape and

a frozen picture is displayed of the ECG of the last 40 seconds

both leads. He or she th
Definitions of arrhythmi:

table 2.2/2. Arrhythmias

the analysis of the tape;

from
en. classifies the arrhythmias detected, if any.
15 as used during the study periocd are listed in
are documented on hard copy ECG-strips. During

specizal attention is given to the ECG recorded

at times when symptoms ogcurred, as indicated in the diary.

2.2.4 reporting

The outcome of the analysis of the tape is reported on a report form

(see appendix). The analyst scores how oftem a particular arrhythmia
occurs on 2 S-point manm with categories ¢ (never), 1 (sporadic),

2 (fairly oftem), 3 nomnwuuu 4 {(continuous). These categories have been
defined in percentages om recording time as: 1 (0-10%), 2 (10-50%),

3 (50-50%), &4 hmotHoon.mﬂrwm report form and the ECG-strips produced
are seen and commented om by a cardiclogist. The resulting file is sent
to the physician who Hm@mmmﬂoa the analysis. An identical file, as well
2s the tape, are kept in:the archive of Cardiolab. Each is uniquely
identified by a number H%mwnmﬂwnm the ocut-patient clinic where the tape
was recorded and a mm@ﬁmmﬁwmw number for each tape being recorded at a

particular clinic.
2.3 The sample

For the purpose of this mnﬁ@%u all repert forms which concerned recordings
made between January Hmum and June 1978 inclusive were retrieved from

the archives of nmnmwowmm. As data collection took place in the spring
of 1980, sufficient time had passed between recording and follow=up.
Only first reports were considered, leading to the exclusion of about
40C reports which concerned a second, third or even sixth or seventh
recording of one and the isame patient. It was estimated that zbout
50 reports of recordings made in this period could not be retrieved.

Thirty-five patients under 10 years of age at the date of the 24-hour ECG

were excluded as these were mostly treated for congenital diseases,
which were beyond the scope of this study. The result was a sample of
5130 patients, who cu@muﬂwuﬁ 24~hour ECG-recording for the first time

between January 1, 1976 wﬁm July 1, 1978,
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Table 2.2/2 (continued)

Supraventricular tachycardia

(svT)

Yodal rhythm

Accelerated nodal rhythm

Sinus bradycardia

Sinus tachycardia

Nodal escape

Atrial fibrillatiom

Arrial flutter

Sinus Arrest

Conduction disturbances

1° AV-block

2° AV-block type I (Wene

2° AV-block type II (Mot

3° AV-block

Intraventricular conduct
{IVCD)

note: a normal P-wave ig

upright or pesitiv

kebach)

itz)

ion defect

3 or more consecutive PSVCs
at a rate >100/min.

normal QRS preceded (PR <.12 sec.)
or followed by abnormal P-wave or

without associated or identifiable
P-wave; rate 40-60/min.

nodal rhythe at a rate 60-100/min.

heart rate <50/min.; each QRS preceded by
normal P-wave.

heart rate »150/min.; each QRS preceded by
normal P-wave.

normal QRS terminating a pause;
P-QRS relationship as specified
nodal rhythm.

for

no P-waves; RR totally irregular;
fibrillatory waves; QRS usually
normal but may be widened;
ventricular response may be slow,
normal or fast.

flutter waves; rate 250-350/min.;
QRS usually normal but may be widened.

pauses with PP at least 1.5 times previcus
PP interval but not a multiple of it.
every P-wave followed by QRS; PR >.20 sec.
not every P-wave followed by QRS;
progressive lengthening of PR interval

preceding blocked P-wave.

not every P-wave followed by QRS;
PR interval of conducted P-waves constant.

no relationship P-waves and QRS;
slow ventricular rate.

QRS preceded by normal P-wave;
QRS widened;

characterised by a width of .08 sec.;
e-negative polarity and a PR interval »>.12Z sec.

a widened QRS is defined as >.12 sec.
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From the sample, the od

The zbove applies to fo¢
present is more likely
is known to have died i
This leads to the alter
that F is present in p3
probability oo that F i
survived (case-control

Using Bayes' theorem, i

is mathematically ident

when we estimate (3) fr

which is identical to

Because it is possible

ds ratio is estimated as:

m\nw \n\uH _ad
b/ng [ a/ng  be (2)
1low-up studies. Now if a patient in whom F is

to die, it follows intuitively that a patient who

(s more likely to display F (Cornfield, 1951).
mative approach of comparing the probability DH

itients who are known to have died with the

s present in patients who are known to have
studies).

t can be shown that the odds ratio:
Q,/(1-))
Q,7T1-0,)

(3

ical to the edds ratio (l). This is alse clear

om the sample as:

m\BH \W\Ew )
n\Eo \ Q\Bo be

2).

to state the problem in terms of DH and oOu we

ad

(4)

can consider the 2x2 tgble given above as resulting from a case—-control

study with o,
5000 and 18-month morta
many times larger than
Since it is known that

greater than three or £

cases and

T, controls. However, as N is of the order of
lity is small, LA the number of controls, is

m, the number of cases.

in terms of statistical power a value of Wqu\BH

our is seldom worthwhile (Gail et al, 1976), it

was decided to reduce m

0 from all

0 by taking a random sample of size m

survivors and to amalyse the data in terms of a case-control study with

m, cases and Bo_ contre
table:
m.+.
cases a
controls e’
where ¢' and 4" are the

absent, respectively. F

1s. This results in the following modified 2x2

m-
numbers of controls in whom F is present and

rom this reduced sample the odds ratio (3) can

T
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date and place of death
certificate. If a patie
and the procedure was r
moved to another countr;
of departure.

For some patients this

were obtained, as well as the number of the death
nt had moved, date and new address were obtained
epeated with the new address. If a patient had

vy he or she was recorded as as living at the date

procedure was not successful. In that case an

attempt was made to contact the patient's general practitioner. Only

9 patients (.2%) could

included in the 5130 pa
The results were stored
identification, sex, da
at which the patient ha
variable indicated whet
survival. To this file

stated on the request £

2.6 Selection of cases

Cases were defined as p
ECG-recording. Controls
to be alive 18 menths a
fraction (9%) was chose
at least twice the numb
follows. Cards which re
according to the hospit
per hospital according
either cases or patient
cards were then drawn £

nine cards were chosen

numbers between 1l and 1

2.7 Collection of basel

In addition to the info
extra baseline informat
stored in a computer fi
The semi-quantitative t

2.2.4%4) were retrieved fi

not be traced in any of these ways. These are not
rients mentioned in sectiom 2.3.

in a computer file containing for each patient:
te of birth, date of ECG-recording and the date

d died or had been recorded alive. A binary

her the latter date indicated a death or a

was added the indication for ECG-recording as

orm (see 2.2.2).

and controls

atients who died within 18 months of 24-hour
were randomly selected from 2ll patients known
fter the date of ECG-recording. The sampling

n to emnsure that the number of controls would be
er of cases. The actual sampling procedure was as
vresented all patients in the sample were ordered
al in which the patient was under treatment and
to date of ECG-recording. Cards representing

s with incomplete follow-up were removed. Nine
rom each successive batch of 100 cards. These
by means of a computer gemerated table of random

00.

ine information for cases and controls

rmation collected for all patients, the following
ion was collected for cases and controls and

le.

esults of the analysis of the 24-hour ECG (see

row the archives of Cardiolab. Use of drugs at
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3 DATA >Z>_.<m_m

This chapter describes nﬁm various statistical methods which were used
to analyse the data ooHHmoﬂm& The estimation of the prevalence of
patient characteristics in the sample from the observed prevalence among

cases and controls is mmwnﬂhwmm in gection 3.1, zs well as the method

which was used to explo e possible relationships between indication and
age. In section 3.2, nwﬂwm measures are described by which mortality was
expressed. The QmHHﬁHnHon of different variables are given in section
3.3 together with some owwmu points pertaining to univariate analysis.
The basic approach of Bﬁwﬂwqmﬂwmnm analysis is explained in 3.4.1 while
3.4.2 describes the Boanm actually used for the selection of variables.

Section 3.5 addresses thi

question of what can be learned from the
equations resulting from multivariate analysis with regard to the
prediction of mortality.
The sections of chapter 3 correspond te those of chapter 4. Section 3.1
describes the methods which led to the results in section 4.1, section
3.2 the methods which led to section 4.2 etc.

The interactive statistical computer program package SCSS (Nie et al,

1980) was used for data management and general computations.

3.1 Description of the sample

3.1.1 estimation of prevalence in the sample.

The prevalence of vmnwmum characteristics in the sample was estimated
from the prevalence mBoum cases and controls, as many characteristics
which were known for nmm s and controls were mot known for the total
sample (see 2.5, 2.7). mcH this purpose, controls and cases were regarded
as random subsamples mﬂof the two strata of patients who did or did not
survive 18 months after womlnmnOHaHnm. For controls this is true by
definition (see section W.me for cases this is also true if we suppose
that cases for whom wnmowamnwon was lacking were randomly distributed
over all cases, i.e. nwmw there was no systematic influence which caused

this information to be lacking. Patients who were lost to follow-up

before 18 months had passed were disregarded for this analysis.
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confidence interval for ¢
mﬁwmvnw.uN. mﬁmmuum.mw wh
vields:

41.7% <P <50.3
When prevalences were not
e.g. age and sex, as in t

sizes were used and these

k=

Formla (1) is based on

&
b=

distribution. For small
mation is inappropriate.

should not be used when ¢

-~

Py

either of the strata, thi

standard error for is

3.1.2 relationships betwe

ases than for controls. Here mﬁwHuu.mN and

ich is again close to mnmmv. Using (1) this

¥4
estimated in the total sample but in strata of
able 4.1/6, appropriate stratum and subsample

are given together with the estimates.
normal approximation to the underlying binomial
ample sizes and small values of 28 this approxi-~
Armitage (1971) gives a rule of thumb thar it
he product nvmr is less than 10. Whenever a
reported in chapter 4 based on nwmwAwo in

s 1s indicated by an asterisk.

en indication and age

In order to explore possible relationships between indication and age,

patients in the sample were assigned to mutually exclusive categories of

age (l0-year intervals)

hierarchy of indications

nd indication. To do this, we devised a

1
and a patient with more than one indication was

treated as though the indication which was highest in this hierarchy was

his or her only indicari

excluded from other cate

mn. A patient with the indication 'other' was

ories, as he or she may be suspected of having

some unknown but important characteristics which might blur the relation-

ship of interest. Similar

was kept separate. A pati

ly, when a pacemaker was involved, the patient

nt with dizziness and syncope was regarded as

a patient with syncope, which seemed the more important of the two. A

similar decision was made

infarction and coronary h

distribution of patients

did not differ from the a
indication palpitatioms.

palpitations category. Fo
infarction or corcmary he
or dizziness were assigne
'coronary heart disease’,

"evaluation of arrhythmia

therefore placed lowest i

regarding patients with both myocardial

eart disease. Inspection showed that the age
with palpitations and syncope and/or dizziness
ge distribution of patients with only the

These patients were therefore assignmed to the

r the same reason, patients with a myocardial
art disease together with palpitations, syncope
d to the category 'myocardial infarctiom' or
respectively. 'Evaluation of therapy' and

' are rather unspecific indications and were

1 the hierarchy.

~ 4=
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formation is an appropria
log=scale which can be tr
the original scale. Calcu
BEMDP (Gentle & Gregory,

3.2 Mortality in the samp

From the dates of ECG-rec

te choice. This results in an additive model on
ansformed back into a multiplicative model on
lations were done using the IMSL subroutine
1980).

le

ording and of death or recorded survival, the

time of follow-up was computed for each patient in the sample. This

information was used in t
Firstly, a survival curve
Meier (1958). For each in

survival was estimated as

with o, the number of dea
of patients known to be a
excludes patients who wer
The probability mH for a

the product of the prebab

~

mw can be interpreted as

t with censoring (i.e. tt
before they reach the end;
To achieve a smooth curve
present calculations was s
Secondly, the age- and ses
with the age- and sex-spec
this purpose, four strata
60-69, 70 and over. This &
large number of deaths oce
and the second year of fol
beginning of the first and
age/sex stratum. For the T

on January 1 1977 in each

iree different ways.
was estimated using the method of Kazplan and

terval on the time axis the probability of

ks

.o om,
1

i
p

1

M+Hv and T the number
live at the beginning of that interval. This

*hs in the interval ﬁnwun

> lost to follow-up before k-
vatient to be alive at time t, is estimated as
ilities of survival in all intervals before t;:
{1
A@l AH. - My

=1 r.

3

the estimated percentage of patients alive at
e fact that patients are lost to follow—up
boint) taken into account.
the length of the time~intervals in the
et to one week.
t-specific mortality in the sample was compared
:ific mortality in the Dutch population. For

of age (in vears) were defined: 10-44, 45-59,
lassification ensured that a sufficiently
urred in each stratum during both the first
low~up. The numbers of patients at risk at the
second year of follow-up were counted in each
uteh population, the number of persons alive

stratum was computed from figures provided by

36—
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history of MI, history of
present or absent. The se
of arrhythmias (see 2.2.4
indicated presence or abs
non~sporadic occurrence,
Where appropriate, the se

i.e. in category 4. Univa

variables for cases, for

angina, and pacemzker therapy were coded as
mi-quantitative information on the occurrence

) was summarized by two variables. The first

ence of the arrhythmia; the second indicated

i.e. in categories 2, 3 or 4 (see figure 3.3/1).

cond variable indicated 'continuous' occurrence,

riate distributions are given for all these

controls and, separately, for cases with a

cardiac cause of death (see section 4.3).

3.3.1 odds ratio

Crude odds ratios were es

timated from the absolute frequencies of

patients in the four cells of the 2x2 table:

F+
cases a
controls c
as ad/be. In this table =

equals the number of cont

T
b
d
+b equals the number of (cardiac) cases and c+d

rols. As explained in section 2.4, the odds

ratio is a good approximation to the relative risk if the risk of death

is small, as is the case
odds ratio is subject to
supposed to estimate and

hypothesis whether or not

in the present study. Of course, every estimated
random errcr around the "true' value it is
it may be necessary to statistically test the

this odds ratic is different frem unity. Such

tests have not been applied here because they do not take into account

possible confounding (i.

NEVER SPORADIC

a distortion of the association under comside~

. MODERATE QFTEN CONTINUOUS

ABSENT ' PRESENT

SPORA

Figure 3.3/1

i &

0IC" NON ~SPORADIC

The frequemcy of arrhythmiaz occurrence was indicated on a S-point scale

(see 2.2.4). In the analy
continucus occurrence wer
in categorxies 1,2 or 3.

presence, non-sporadic occurrence and

5
] stinguished. Non-continuous occurrence is

is,
di

38—




=qug Urd IIRWLIST

TWIYATH BARIIS TRIS

Z

3T “J @93inieaj puOdT

UT pPIqIiosep SEB O1IE

a1qrssod @3e81ase

STYa I0F UOTIBITITIS

i1sngox ® se (¥
—-TIuoD STYL *,53Ud1
—T3UOD YGp DIBWIXOI
Y3

TeurdTio

-sdnoad TE

JO SUBIW T0nI2S
Teiaaas JuTMBIQ
I0URISTP JYl pUE

ToTaINgTIISTIP TEITI
e gsoptacid 1T “{if61
ST

£1TeoTydead peardmod

STO11U0D JO PUER S$35eD IO SUOTIRG, 1STp 232 2y

A

pue Jurpunojucy I

POIBWI2S? 9IEB SOTIE

Y3 10 9SINOD I

pInoa pue (1861 °

~ PIGRTIEA PAT

TWIWTXEW=2 ‘2]Taienb
1s1TI=q *UNETUTH=E °
soTTzaenb 2yl Zuriu

o021 Teuotizod:

211 Jo uoIsu

,307dx0q, =2yl ° .S

.I@Ml

Nm JO 9nTEA 9Y1 YOTUAM

2

T1eI240 U¥ -JuEISUEY adey ST

T

ADS UI -j JO 0131 Sppo oYl 2IEWI3IS® 03 [qIssod ST

i~
25 ® Aq 23TWIISY STYl Jo SUTPUNOUOD PIOAR O "T°¢°¢
1 sppo oyl Surlewrilse Aq AI1TTRILIOW YITA UOTIBIIOSSE

1

AUT UED 2M 2IVP JULTOSRY Y WOIT J 3In3eaF AUP 10g

STSATEUR 9IBTLIBATITIH ¥°¢

*PINWIOT

[ TeoTaRIcayl ® 2pTacad (jg61) UITSROH pue UPWOTTAA

Na/d 8671
:se poandmos ST 1] -preids JO IANSEBIW

T URTPoW

2%uea I7Tr3IEnbaszuUT @Yl UO PISEQ ST TEAISIUT 2IUIP
ou, AQ PPIEOTPUT ST UERIPIW IYJ PUACIE TBAISIUT 3JUP
dde ue <4ATpuodag -(N) ozrs »ydues oya yo joor-axenbs
b1d 2pPW ST ,X0q, 2yl FO HIPTA Yl “£TISIATI -30dx0q
paxe progoml ® ST (8767 ‘TITHVW) 20Tdxoq pagoaiou =yl
19498 UY STQETIEA DUO JO STOTINGIIASTP 2yl Furxedmoos
n & ST IpTs £q 9pTs s3oTdxoq

-(z/€°€ 2In3TI) WOY1 UIIMIDQ

goTT3aenb s3t Jurieorpur £q
tdwo ue jo Arxpumns TeoTydexd
£a7n], "ML JO UWOTWRAUT U
q07dxoq payziouw, 3o suwsm 4Aq

us9q IABY W INOYITA 10 YIiTA

sioTdxoq 7°¢°¢

Pos) a9yl poITdde »1® s3533

03 DPPIDIAI0D USDG IAERY {OTIYA

1 Sppo SISATPUEBR 9IBRTIRATITON

1] "ssaTIuruesw 2q 2ACIVIIYI
S00I1ER (1R6T ‘ABQ R moIseaq
Y1 ® £q 1noqe 3ySnoliq UOTIBI

PITYI=p “uUBTpRW=> ‘oTTixenb
U0TINgTIASTP TeoTardus ug 3O
sso1dax joTdxoq ® Jo sydwexy
z/E"¢ @andta




sequently be computed as

individual strata ﬁzwanmw & Haenszel, 1959). When a third feature F

comes into play this pro
which the values of both
number of wvariables.

However, when the number
number of strata becomes

explanatory variables MH

0

a weighted average of the odds ratios in the

3

cedure can be extended by constructing strata in

F

2 and ww are kept constant and so on for any

of possible confounders becomes large, the

unmanageable. For instance, for 10 dichotomous

1024 possible combinations exist and as many

strata. Now it is evident that if sufficient information is to be

present for the estimation of an odds ratio in all these strata, vast

amounts of data will be |
available data are even

be plenty of informatio

eeded. Also, one would have to ensure that the
spread over all stratz as otherwise there will

in one stratum and none in another. Another

drawback of this approach is that we can only investigate the associatiom

of one feature with mor
different combinations

quickly becomes impracti

lity at a time. Estimation of odds ratios for
two or more variables simultaneously very
able.

The above limirations can be overcome when multivariate analysis is

used. In the above appro

ratios and their number

In & multivariate approacg

cients in a mulriple logi

v = wo + ¢HNH
in which the x's are the

while wnb_Mu

In

b
1-P (DX

with P(D|X) the probabil:

given a particular combi

For 10 variables of inte
to a muitivariate equati
10 variables of interest
Interaction variables ar
combinations of two, thri
In such an equation, 102
the odds ratio in one pa

combination of b's. In £

ach the parameters to be estimated are the odds
is equal to the number of strata.
h the parameters to be estimated are the coeffi-
stic regressiom equation:
+ ceea

%y > PRy

variables of interest and possible confounders
e = Jogit mnu_wv

ity of death within 18 months after ECG~recording

nation of the x's.

rest the situation of 1024 strata would correspond
on which contained 1024 x-variables, namely the

as well as all possible interaction variables.

> formed by multiplication of all possible

e, four, etc., of the original ten variables.

4 coefficients would have to be estimated and
rticular stratum would correspond to a unique

ict, b (or the sum of a number of b's) is the

—4
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distributed among both c

matrix in the two groups

here, this robust method
(Breslow & Day, 1980, p.
likelihood method and ha
Day & Kerridge (1967). W

assumptions do not have

ases and controls with a commen covariance

. Though these assumptions are not satisfied

can be used for an initial sereening of variables
204). The other method is known as the maximum

s been proposed by Walker & Duncan (1967) and

ith the maximum likelihood method the above

z0 be made.

3.4.1 selection of variables

In the present analysis,

were constructed on the

equation 1 : age,
equation 2 : age,
equation 3 : age,
equation &4 : age, m

In equations 2 and 3, 4MHMdemm were selected after age and sex had been

included in the equation

four multiple logistic regression equations

following variables:

sex

clinical information except ECG-findings
ECG-findings
ex, clinical information, ECG-findings

. In equation 4, ECG-findings were selected

after the variables of equation 2 had been included.

For the comstructiom of |

screened for possible in
analysis (see above).

A variable was selected
estimated coefficient to
1.%96. For large numbers
has approximately a stan
called the z-value. The
with a significance leve
resulted from this proce
likelihood (computer pro
were computed with the n

the significance level o
3.5 Calculations based o

3.5.1 estimation of risk
The multivariate logisti

logit POD|X) = b *
where Kis¥y ... X aTE t

each equation, all eligible variables were first

clusion by means of interactive linear discriminant

if the absoclute wvalue of the ratio of the

the standard error of that estimate exceeded

of patients in each group this test-statistic
dard normal distribution and this ratio is then
critical values chosen provided a two=-sided test
1 of 5%Z. The coeificients in the equations which

dure, were independently estimated by maximum

gram by Lee, 1974). The same test-statistics
ew estimates and variables which did not reach

£ 5% were again removed from the equation.
n the multivariate equations found

from multivariate models

¢ equations (see 3.4) are of the form:
b.x. 4+ b,x

171 ¥ Pa¥er - ol )
he variables selected and ¢Hu¢N e vw are the

~42—
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Figure 3.5/1

Schematic representation of ROC curves,
Below: cumulative distribution of the sum-score for
cases and controls, Above: the corresponding ROC curves,
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Figure 4.1/1
Distribution of patients
Netherlands. The number

is indicated for each pr
or more hospitals make u

e

Fryrpvet

Frervrr™oan

in the sample over the 11 provinces of The

»f patients of whom a 24-hour ECG was recorded
vince. The towns shown are those in which one
e of the Cardiclab service.
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Figure 4.1/3
Age distributions of the
population (N=13,815,000

A difference in slope is
(figure 4.1/3) the age 4
population on January 1,
were aged between 40 and

population were in this

5130 patients in the sample and of the Dutch
as recorded on January 1 1977.

also the predominant feature when we compare

Lstributions of the sample and of the Dutch

1977 (CBS, 1978). About 75% of the patients
70 years, while only about 30% of the Dutch

range. Median age was 40 for the Dutch popu-

lation and 55 for the sample.

Distributions for each s
form (see 2.2.2) are shon
for each sex exceeds 100

70% of patients had ome ;
while 2% had no indicatic
disease’, 'evaluatiom of
each applied to less thar
occurred substantially me
opposite was true of 'myé

Though indications were 1

>x of the indications as given onm the request
m in figure 4.1/4. The sum of the percentages
as patients may have more than one indication.
Indication, 23% had two, 5% had three or four,
n at all. The indications 'coromary heart
therapy’, 'evaluation of pacemaker' and 'other'
10% of patients. The indication 'palpitations'
re often for females than for males, while the

cardial infarction' and 'evaluation of therapy’.

cmown for nearly all patients, more specific
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Table 4.1/2 cases and contrels only. The esti-

Estimated use of medication in mated use of medication in the
the sample (¥=5130).

sample is shown in table 4.1/2. The

A se
category 'other' consisted mainly

digitalis 11 1.3 N . .
diuretics 13 1.4 of patients taking sedatives. An
nitroglycerin 5 1.0 estimated 467 of patients did not
beta-blockers 16 1.6 . .
anti=-arrhythmics 17 1.6 use any medicatiom.
anti-coagulants & 1.0
other 22 1.8 . .
none 46 2.2 4.1.2 relationships between

. indication and age
se = standard error of estimate

In order to explore possible
relationships between indication
and age, patients were classified
according to age and indication as described in section 3.1.2. The
result is shown in table 4.1/3, with indications in descending order of
"importance'.
The 'median polish' methbd (see 3.1.2) was then used to fit a multi-
plicative model to these data. Given this model, the mumber of patients
for each combination of indication and age (i.e. each cell of table

4.1/3) could be computed from the figures given in table 4.1/4, one for

Table 4.1/3

Numbers of patients in the sample classified according to indication and age

10-19  20-29 = 30-39 40-49 50-59  60-6% 70-79 80-89 TOTAL

OTHER 7 22 37 69 73 56 34 8 306
PACE 1 1 2 7 10 10 19 3 53
INF 0 4 24 109 238 203 84 6 668
CHD 1 1 13 51 Li0 73 31 1 281
PALP 40 184 274 350 399 280 128 18 1673
SYRC 17 30 42 76 144 173 154 51 687
DIZZ 3 23 31 41 71 80 70 27 346
THER 3 & 2 20 33 32 13 0 107
ARRH 28 83 115 165 230 175 105 23 924
TOTAL 100 352 53490 388 1308 1082 638 137 5045

4 patients over 89 years.of age and 81 patients for whom the imdicatrion was
unknown have been excluded. Abbreviations see table 2.2/1.

-50-
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Table 4.1/6

Estimated prevalence of

arrhythmias in 6 strata of age and sex

Stratum size(=100%)

No arrhythmias

Uniform PVCs
Multiform PVCs
Bigeminy
Doublets

Short VT

Long VT

PSVC

SVT

Sinus tachycardia
Sinus bradycardia
Atrial fibrillation

Nodal rhythm

1° AV=-block
2° AV-block
IvCD

Sinus arrest
Short ventr. arrest
Long ventr. arrest

Pacemaker rhythm

FEM.
40

525

o

57
18

16

41

33

o

o o O WU

ALES
40~60

815

P

78
40
11
16

67
13
14
19

[a*]

S O oW

60

816

%

78
60
20
33

79
37

14
13

MALES
40  40-60 60
480 1396 1063
% % %
8 6 0

80 82 96

30 53 71
8 20 19
5 28 43
2 1z 23
0 1 5

29 54 76

5 13 31
23 10 5
30 11 17

0 5 8

3 2 3

0 5 5

3 5 3

3 4 2
17 7 >

3 2 3

0 1 1

a 1 1

* normal approximation not appropriate see 3.1.1

Abbreviations see table

2.2/2. se

standard error of estimate

total
5095

Z{se )
6(1.0)*

81(1.8)*
49(2.2)
16(1.6)
26(1.9)
10(1.3)
1(0.4)*

60(2.2)
18(1.7)
13(1.5)
15(1.6)
5(1.0)
3(0.8)=*

4(0.9)
4(0.9)*
3(0.8)

mmw.ww

2{0.6)%*
1(0.4)*
1(0.4)%

—54=
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Table 4.1/8
Estimated prevalence of 2

'myocardial infarction’

rrhythmias among patients with the indication

Uniform PVCs
Non=-sporadic
uniform PV(:s
Multiform PV
Bigeminy
Doublets
Short VT
Long VT

% of 668 patients with tk
based on 62 out of 66 des

* normal approximation mnc

I

Abbreviations see table 2

% (se )
94 (2.8)%
50 (5.8)
s 74 (5.1)
26 (5.0)
42 (5.7)
25 (4.9)
3 (l.6)=%

1e indication

iths and 55 out of 602 survivors
t appropriate see 3.1.1

.2/2. se

standard error of estimate.

Table 4.1/9

Estimated prevalence of grrhythmias among patients with the indication
"palpitations'

% (se) Short VT 7 (1.9)%
Uniform PVCs 72 (3.3)% Long VT 0
Non-gporadic PSVC 58 (3.6)%
uniform PVCs 23 (3-.Q) SVT 15 (2.6)%
Multiform PVCs 33 (3.4)*% Sinus bradycardia 10 (2.2)*
Bigeminy g (2.1)% Arrial fibrillationm 5 (1.6)*
Doublets 15 €2.3) Simas tachyecardia 20 (2.9)*

% of 1673 patients with ¢t
based on 24 out of 28 dea
* normal approximation nc

"

Abbreviations see table 2

he indication

ths and 163 out of 1645 survivors
t appropriate see 3.1.1

-2/2. se

standard error of estimate

56—




aouaTeaRad SYl JO S9I1
© a9yrweded JO UOTIEBR]
aToys B
s2iIndTI 2S99l 2E'U
@19®1) ®IpIR2LpRiqQ
y8ry ® pey ,2doom
PuR (6/1°% 2T9B3
jo @ousTeasxd Y3
"BIPABTAYDR] IBINOTIL
PBU Z6L 3I®Y3
2UC IBUI PIIBWIISD

sauaTied UT SBPTWYIA
*UOTIBITPUT
seTmyIAYIIE IO 3
‘UOTIBDTPUL YIEBD I
,suctaeardied, ¢ uora

21® S1TRSSY ~pPI1EE

lhmf

*£1089380 STY1 UT SETUGIAYIIR JO
WIS 9TQRITEX 9w 03 T[ERUS 001 2Iam SISQUNU asayl
[BAS, UOTIBOTPUT oYl Pey STOIIU0OD ¢ pue S25BD f ATUQ
se aTdwes 2y3 ur sesusTealxad °y3 ueyl xsydry 10U 2ae
IsaRM0Y ‘smoys g/T7% 2TqF3 YaTa uwosTawdwo) - (D1/1°%
STIUTS PUE BTPARIAYIR] IABTNOTINIUBARIENS o 2ousTeARad

A, I10/PU® ,SS2UTZZIP, SUOCTIBOTPUT 243 yaTm sjustied

i
BIpIeoAloe] IeIndTijusseidns pue BIpPIEDAUDE] SNUTS
Iy e peq ,suorieirdred, woTiIBROTIPUT 943l YITM SIWITIBG
124 3X0US peY %CZ7 S® AUBm SB 1Byl PUR SOAJ WIOIFIATNE
50Ad WAcITun oTpeiods-uou pey siudrled assyl Jo JIEY
SBA 11 *,UOTIDABIUT TeIpaedodll, UWOTIIBDTPUT 9Yl YITAa
J1I® IRTNDTIIURA Jo @duafeasid o4l smoys ¢/1-y =TqB}
1Bl Yiata siueTaed Ul ANDI0 03 paoedxd °q APO UYOTYA
"I ‘ATuUC SBTHUIAGIIE JUBADTDI JO UDALIS 21 SIIPUWILISD
04 ~a9Y19203 udYe: ,ododuds, pue ,$S9UTZZTP, IOF puUBR
DIBIUT TRIPABDOAW, S91x0893v0 DYl 103 =33y pojussaad

1352 $em ([°1°f UOTIVIS UT PIqIAISIP SE PIaldnilsucd)

93IBWLIS? T

SIA0A

D 10119 PIRPURIS = 95 "g/7°7 2[RI 995 SUOLILTASIAQY
1°1°¢ @95 wsaerzdoadde jou uvorjemrxcadde Temiou .
Talns g9gp F© 3IN0O g/ PUBR SUIBIP /4 IO INO ¢ U0 pISe]

($)UOTIBDTPUT 2Y3 Y3ITs s1usIied £E0T 30 ¥

%(8 1) ¥ 92suodsai-I1Ua4A MOTS YITH

UOTIBTTTAALY TB®TIAV

x(0 1) 2 {98 g€« ) AS91I® -Ijusp

%¥(0°7) ¥ osuodsox-xluba 3ISEI YITA #(6°7) £ (o098 £-7) 1sdrie -1jusp
TOTABT{TAqEI T®TIIV #(072) ¥ 1$911® STUTG

#(0°¢€) & BIPIEDAYOE] SNUTS #(8°1) € HAIOTQ-AV LT
#{T°%) 0¢ LAS x(€72) 9 HIOTA-AY L1
*(8°2) 6 1A x(Z°6) 12 BIPIBDAPEXY STUTS
(28) % SETNIAQIIS~AGaE] ( @s) % SBTW I AYIAE-LPEIq

($)UOTIBITPUT 2Y3 H3ITA

,odovuds, r1o/pue ,SSPUIZZTP,

w 53ueTled Juome SeTWYIAUIxe JO duaTena1id polEWTISY

0T/17% 2Tq=L




a2

PERCENTAGE SURVIUOARS

[1:3

OVERALL SLAVIVAL

S

Ele:

260
FOLLOW UP TIME (WEEKS)

Figure 4.2/1
Percentage of survivors
and 95% confidence inter

4.2 Mortality in the sam

Survival status was asce
after ECG-recording for
from legs than one week
years and three weeks. T

time intervals after ECG

The percentage of patien
through the method of Ka
figure 4.2/1.

In order to compare the
with that in the Dutch p
who had died during the
in 4 strata of age for e
A total of 148 patients

Naturzlly, these patient

in the sample (WN=5130) by time of follow-up
val as estimated by the Kaplan-Meier method.

ble

rtained for 5130 patients. Time of follow-up
survivors and non-survivors combined, ranged
to more than four years with a median of two
hree hundred and five patients died at varying

~recording.

ts alive at each week of follow—up was estimated

plan and Meier and displayed graphically in

age-~ and sex-—specific mortality in the sample
opulation as a whole, the numbers of patients
first and second year of follow-up were counted
1ch sex separately (tables 4.2/1,2).

lied during the first year of follow-up.

5

were no lomger at risk of death during the

-58~




..lmm|

-SoTeW g ‘SOTBRWAF Y - {siwei) »Be Jo BI®AIS Inoy ul

votaerndod yoang oua UL ;/61 Surainp pue aydues oyz ur do-soTToF o IeaL
351ty 243 Suranp STE ' sauaraed puesnoyl ted SUYILLP IO ISGENU PIAIISQ

/7% 2Indtd

el 08, 09, 0, 0z,
uciymnded yagng
=2
=
E
Lg m.
=
Zduns Apnys -
- Fib &
- =2
- N
r 3
C 2
E g
3bo 08, 09, o, 0z
uouoinded Y400
gdus Apnys
\\\ =
-~ [
-~ - Im w
- 5
=X
oL
i
. a2
L7
FooX
=
H =]
: Y




Table 4.2/1
Comparison of mortality

during 1977. Females.

in the study sample and in the Dutch population

patients obskrved expected patients observed expected
at risk deaths deaths at risk  deaths deaths
at t=0 t=D-1 t=0-1 at t=1 t=1-2 t=1-2
age
(years)
1044 710 2 .40 707 0 .40
45=59 640 7 2.53 632 8 2.50
60-69 439 9 5.14 430 5 5.04
270 379 16 22.01 363 15 21.08
total 2168 34 30.08 2132 28 26.02

X2 (d.f.=3):

t = time of follow-up af

18.84 (P<.001) 14.25 (2<.01)

ter ECG-monitoring in years.

second year of follow-up,
follow-up did not exceed

death after one year are

The number of deaths per
plotted against age (fig
thousand in the Dutch po
mortality was considerad
tion. This difference gr

who were 70 years or ove

, nor were the four survivors whese rime of
one year. The numbers of patients at risk of

therefore also given in the tables.

1000 patients at risk during the first year was
ures 4.2/24,B} as was the number of deaths per
pulation during 1977 (CBS, 1978). At younger ages,
1y higher in the sample than in the Dutch popula-
ew smaller with increasing age until for people

r mortality was mearly equal. Tables 4.2/1,2

show the number of deaths that would be expected in each stratum of the

sample under the hypothe
the sample and in the Du
expected numbers of deat

4.2/2 was found in both

sis that mortality per rthousand is the same in
tch population (see 3.2). Comparing observed and
hs, the same pattern which was evident in figure

the first and the second year of follow-up. From

the values ¢f the test-statistics in the tables it can be seen that,

combining the informatio
are different in the sam
males and females and fo

However, differences wer

n from the four strata of age, mortality rates
ple from those in the Dutch population for both

r both the first and second year of follow-up.

B

smaller for females than for males.

~60—
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The observed number of d
each category of indicat
measure permits comparis
not mutually exclusive.

the mortality associated

for ML and evaluation of

4.3 Description of cases

eaths per 1000 person years of follow-up for

ion is shown in figure 4.2/3. Use of this

on of categories of indication although they are
The indications have been ordered according to
with them. In the sample, mortality was highest

pacemaker and lowest for palpitations and CHD.

and controls

Cases were defined as patients who died within 18 months of ECG-recording.

Survival status at 18 mo
35 patients (.7%, figure
213 satisfied the above

18 cases; of 5 cases no

physician or general prac

due to shortcomings in t
toe late. Four hundred a

4882 patients who were ki

recording. Seven controls had to be excluded because of lack of information.

nths after ECG-recording was not knmown for omly
4.3/1). Of a total of 305 deaths (see 4.2},
definition. No baseline data were available for
information could be collected from the referring
titioner, while 13 cases were not followed up

he administration or because they were detected
nd forty controls were randomly selected from

nown to be alive 18 months after the date of ECG~

5130

SAMPLE S1Z

35
FOLLOW-UP

< 15 MONTHS

5095
FOLLOW-uP
18 MONTHS

213
DIED WITHIN

T3 MONTHS

482
SURVIVED

AT LEAST
18 MONTHS

18
NO
INFDRMATION

195
CASES

Lud?
NO FURTHER
DATA COLLECTED

LLD
RANDOM SAMPLE

123
CARDIAC

35
CARDIOVASCULA

37
NON-CARDTAC

7
NG INFORMATION

433

R CONTROLS

i
!

Figure 4.3/1

Tree diagram showing the

sizes of different subsamples of patients
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From these it is clear ti
cases, though the age di

than for these without.

Seventy-eight percent of
£.3/1). For patients wit
subsamples {(table 4.3/3)
nearly three times more
in cases with a cardiac
was reported by the phys

higher for cases thaan wa

1at coutrols are significantly younger than

fference is smaller for patients with a prior MI

cases were male but only 56% of controls (table

h prior MI, this proportion was 87% in both

. The indication 'myocardial infaretion' occurred
pften in cases than in controls and most frequently
rause of death. The prevalence of prior MI which
icians after specific questioning was almost 20%

s apparent from the indications and was 7%

higher for controls. Frop table 4.3/2 it can be seen that about 60% of

prior MIs were reported

on the request forms. For about 10 patients who

had the indication 'myocardial infarction', the MI turned out to be
¥

insufficiently documente
(table 4.3/3).

Of the other indicatioms
because of the asscciate
means that patients with
than those without it (s
tables were not correcte
fore only a first approx
indication 'Tevaluation o
0f the medications, digi
highest odds ratios asso
medications were used mu
controls. The observatio:
ratios in table 4.3/2 ar
medication among control

those without a prior MI

It is important to note

deaths were compared wit?
This means that the incre
death associated with th
associated risk of cardis:

et al, 1956; see also Bre

d when the physician was specifically asked

, "palpitations’' is particularly noteworthy

1 odds ratio, which is smaller than unity. It
this indication have a smaller risk of death

ee 3.3). Of course, the odds ratics in these

d for effects of age, sex, etc., and are there-
imation. The odds ratio associated with the

f pacemaker' was one of the highest.

ralis, diuretics and anti-coagulants had the
ciated with them, reflecting the faet that these
zh more frequently among cases than among

1 that the values of the corresponding odds

n

much smaller is caused by the faect that use of

-3

with a prior MI was more prevalent than among

chat many odds ratics were higher when cardiac

v survivors than when all deaths were comsidered.
rased risk of non-cardiac or of cardiovascular

> characteristic concerned is smaller than the

1c death and may even be non-existent (Cornfield
:slow & Day, 1981).
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Table 4.3/2
Univariate distributions of sex, history of MI, history of angina pectoris,
pacemaker therapy, indication and medication for (cardiac) cases and controls
with a history of MI.

cardiac all OR OR.

cases cases controls cardiac  overall
number 81 105 85

% % %
male sex 85 87 87 .9 .9
myocardial infarction 100 100 100 - -
MI within 3 months 35 32 30 1.3 1.1
prior to ECG~recording
angina pectoris 56 54 44 1.6 1.5
pacewmaker 6 5 1 5.5 4.2
indication
myoczrdial infarction 62 61 64 .9 .9
CED g 9 4 2.6 2.6
palpitations 10 12 20 y .6
dizziness 7 9 7 1.1 1.2
syncope 11 13 9 1.2 1.5
evaluation of therapy 1l 10 8 1.4 1.2
evaluation of arrhythmias 41 40 37 1.2 1.2
evaluation of pacemaker 5 4 0 - -
other 10 11 5 2.2 2.4
medication
digitalis 38 37 19 2.7 2.5
diuretics 35 36 20 2.1 2.3
nitroglycerin 14 13 9 1.5 1.5
beta-blocker 20 17 18 1.1 1.0
anti-arrhythmics 42 38 37 1.3 1.1
anti-coagulants 19 17 19 1.0 -9
other 24 27 24 1.0 1.2
none 20 20 22 .9 .9
OR = odds ratio.
—66—
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Table 4.3/4
Numbers of patients in 3

arrhythmias were detect

2d

shom rare

A number of arrhythmias that were
originally distinguished, occurred
so infrequently in the 628 cases

and controls with whom we are deal-

Idioventricular rhythm 2 ing here, that it was impossible to
Ace. idioventricular rhythm 1 comsider them in a systematic analy-
Acc. nodal rhythm 4 sis (table 4.3/4). Other arrhythmias
Atrial flutter-normal VR 2 were combined in order te reach
Atrial flutter-slow VR 0 sufficient numbers. These included
Atrial flutter-fast VR 0 a) escape beats, combining nodal and
Veantricular fibrillation 1 ventricular escape beats, b) atrial
Ventricular flutter 1 fibrillation, where the ventricular
3° AV-block 5 frequency has been disregarded, ¢)
SVT-block 7 second degree AV-block, comprising
WPW 2 both Wenckebach and Mobitz patterns,
Parasystole 2 d) ventricular tachycardia, which

Ace.=Accelerated now denotes presence of either short

VR=ventricular response or long ventricular tachycardia.

Table 4.3/5 contains two so-called
'composite variables'. Composite variables form a useful combination of
variables already present in the table. They have been created in the

process of variable selection and model buildirng because of the need to

Table 4.3/5
Univariate distributiong of arrhythmias for cases, controls and cases with a

cardiac cause of death

cardiac all OR OR

cases cases contxols cardiac overall
Number (=100%) 123 195 433

A %(ze ) Z(se )

No arrhythmias 1 2( .3)* 6(1.1) .1 .3
ventricular
Uniform PVCs 95 95( .5) 80(1.8) 5.¢ 5.7
Multiform PVCs 80 75( .9) £8(2.3) 4.3 3.3
Bigeminy 33 30(1.0) 15(1.86) 2.8 2.5
Doublets 57 53(1.3) 25(2.0) 3.¢ 3.3
VT 32 29(C .9) 10(1.4) 4.4 3.9
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Table 4.3/6
Univariate distributions

with a histery of ML

of arrhythmias for (cardiac) cases and controls

Number (=100%)

No arrhythmias
ventricular
Uniform PVCs
Multiform PVCs

Bigeminy
Doublets

vT
supraventricular
PSVC

SVT

8inus bradycardia
Sinus tachycardia
Nodal rhythm
Atrial fibrillation
other

1°aAV-block
2°AV-block

IVCD

Sinus arrest
Ventr. arrest (2«3 sec)
Ventr. arrest { >3 sec)

Escape beats

L
non-sporadic

Uniform PVCs
Multiform PVCs
Bigeminy
Doublets

PSVC

cardiac all orR OR
cases cases controls cardiac overall
81 105 85

% % %

1 1 1 L.1 .8
g5 95 96 7 .7
78 79 71 1.5 1.6
31 32 25 1.4 1.5
56 57 41 1.8 1.9
31 35 19 1.9 2.3
68 68 58 1.6 1.5
25 24 19 1.4 1.3
17 14 20 -8 -7

5 & 5 1.1 .8

5 5 1 44 4.2

9 9 1 7.9 7.9
14 10 4 4.3 3.2

6 5 5 1.3 1.0
14 12 5 3.2 2.6

& 5 5 .8 1.0

3 3 o - -

3 2 0 - -

3 3 0 - -
60 60 52 1.4 1.4
35 36 26 1.5 1.6
15 14 7 2.3 2.0
16 16 g 1.8 1.9
23 22 11 2.6 2.5
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Table 4.3/6 {continued)

patients with a history of MI

cardiac all OR U

cases cases controls cardiac overall

nonnwﬁﬁoamw % % %
Atrial fibrillation 4 4 0 - -
1°AV-block 9 7 4 2.6 2.0
IVCD 10 9 4 3.0 2.6
composite variables
D2vT 35 39 21 2.0 2.4
ESCNR 7 8 1 6.7 6.9
. 'non-sporadic’ denotes occurrence during >10% of recording time, see 2.2.4
2 'continuous' denctes decurrence during >90% of recording time, see 2.2.4

Abbreviations see table

2.2/2. OR = odds ratio

summarize the available
possible. DZVT denotes t
the presence of ventricu
escape beats and/or noda
variables is clear, as d

distinguished by the num

predictive information in as few variables as

he occurrence of non-sporadic doublets and/or
laxr tachycardia. ESCNR indicates the presence of
1 rhythm. The interpretation of both these
oublets and ventricular tachycardia are only

ber of PVCs in a sequence and nodal rhythm may

well be an escape mechanism.

Ventricular arrhythmias

than among controls (tab
differences were smaller
arrhythmias among surviv
without a prior MI {(tabl
Supraventricular prematu
lent in cases with a pri
tachycardia was consiste
Sinus bradycardia, on thi
than in cases, resulting
£ibrillation was clearly
was also true for first

rhythmias occurred so in

any differences between

generally occurred more frequently ameng cases
le 4.3/5). For patients with & prior MI these

» due to a higher prevalence of ventricular

ors with a prior MI as compared with survivors

e 4.3/6).

re complexes appeared to be slightly more preva-
or MI than in other groups. Supraventricular

ntly more prevalent in cases than in controls.

B

other hand, was more prevalent in controls
in odds ratios smaller than unity. Atrial
more prevalent

degree AV-block

in cases than in controls. This
and IVCD. The remaining ar-
frequently that it was difficult to determine

Y OUpS.
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Table 4.4/1

Estimated coefficients (b) and test~statistics (Z) of multiple logistic
regression equations for the prediction of cardiac mortality
and overall mortality.
Equation l: age and sex as the only variables.

vnmﬂmwmo wodemHH Nnmﬂmwwn No<mHmHH
age (years) . 064 .073 7.04 8.96
sex (l=male,0=female) 1.188 1.046 4.56 4.80
constant -5.787 -5.777 -9.242 -10.45

These equations were cot
cardiac mortality and ox

equations, which were ed

given for both analyses

As other variables were

age and sex became small

these variables and age

Table 4.4/2

Estimated coefficients

regression equations for

and overall mortality.

Equation 2: age, sex and

structed separately for the prediction of
erall mortality. The coefficients of the four
timated by the maximum likelihood method, are
in tables 4.4/1~4.

entered into the equatiom, the coefficients of
er, indicating a positive correlation between

and sex.

b) and test-statistics (Z) of multiple logistic

the prediction of cardiac mortality

clinical information but not ECG-findings.

age (years)

sex (l=male,O=female)
*
MI

*
palpitations
*
digitalis
*
diuretics

constant

*
l=present, (Q=absent

womﬂmwmn woqmﬂmpw Nomﬂmwmn No<mHmHH
.052 .061 5.11 6.95
.796 .670 2.62 2.66
1.527 .972 6.05 4.40
- -.586 - «2.33
1.015 .861 3.41 3.26
722 _ .833 2.33 3.19
~5.856 . -5.393 ~8.35 -8.67

Tl
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Table 4.4/4

Estimated coefficients
regression equations fo
and overall mortality.

Equation 4: age, sex, Cc!

(b} and test-statistics (Z) of multiple logistic

r the prediction of cardiac mortality

linical infeormation and ECG-findings.

age (years)

sex (l=male,0=female)

%
M1

*
palpitations

%

digitalis
%

divretics

§

*
doublets” and/or VT

%
sinus bradycardia

svr?
atrial fibrillation'
1° bdldponw+

r

IVCD
%

escape beats
constant
*

O0=absent, l=present
§ O=absent or present i
+

=absent,l=present in
1

O=absent,l=present in

Abbreviations see table

b b Z Z

cardiac overall cardiac overall
.0456 .057 4.28 6.19
.470 .606 1.42 2.27
2.059 1.165 6.79 4.78
- ~.565 o -2,12
.891 .792 2.84 2.79
- .708 - 2.58
.73C .634 2.33 2.33
- ~1.104 - -3.04
1.6856 1.579 2.41 2.40
2.655 1.795 4.11 3.10
2.248 1.797 3.74 3.15
1.670 - 2.17 -
1.701 1.008 3.38 2.09
~5.997 -5.443 -7.97 -§.28

1 category 1, l=present in categories 2,3 or 4
category 4

categories 1,2 or 3

2.2/2

significantly smaller tl
palpitations have a smal
indication. The odds rat
2 {table 4.4/2) to be O
prediction of cardiac dé
When ECG-findings were :
found to contribute to

table 4.4/3). Of these,

1an zero. This indicates that patients with

Llex risk of death than patients without this

io for palpitations was estimated from equation
56. This variable made no contribution to the
ath, however.

1dded to age and sex, seven arrhythmias were

'he prediction of cardiac death (equation 3,

two were ventricular arrhythmias, two were

-76-




887" [~ A
€62 60"
09°¢ 68°1
|HZN +IR,

199° (- 11471~ AUBSUOD
900" 1 ov0” (aTemeI=p oTeU=]) X3S
%80° £z0° (saea£) 93®
Ty +IRg

squaTied UT YIEI

2Tast3o7 oTdraTou B 3

STyl 25NEYIq °,UOT

POOYTToMTT WAWTX

“IW Fo AXoasTy B U3

smes 243 PEY 3T §

ut poiuasaid ax

BUTIZPTISUCT UTE:

‘goTqETIEA L£TUO Y3 Se xos pue 28e :] uorlEnbi
s (IW) woIaaBIuT TEIpAED0fm (=) INOYITH X0 (4) YITa
P o®IpPIED 30 ToT3dTpaad sy: oz uorienbs uoTsseadal
(Z) SoTISTILIS-159] pue (q) SIUSTOTIILOD PIJTWLISY

S/ y 9TqEL

BTTTIIGT3 TRIIIE SNONUTIN0T, STQETIEA 3Y3 10J poylsl
ewl 217 JO SuRIW Aq PRIBWTISS D¢ PTNOI IWITITIF20D OU
rm squaTaed 1og “dnoa8 suo up saudTied TTE® I0F 2nTeA
¢ pOPNTOUT 10U SBA JTPSIT IW 2TqeTIBa ayl ‘ATTBINIEBY
Tg-g/y % S9IqE
P p-1 SuOTIENbD 107 sSaTnsaxl 2yl “ATUC SYIEIP JEIPIED

g <Aroieiedes dnoid yowe UT POIBWLISD 2I9A 138 BIEP

2IT1U2 PU3 UT YILIP OSEIPATD JO UOTIDTPaid 2yl 107 pad’d[as SITQETIEA

ITE I0F SAUITILS

pue sosed 3o saTdues

2pn3TuUdeW JO IIPIO

1905 Moy IR INOYATA PUP Y3Tsa $3usT3ed 03uUT STOIINOD

qns 2ya 2pIaIp 01 SEM STsLTrue 2yl ur dais IsYIAnI ¥

'y pue ¢ suorienbs ut
owes 213 JO 2I9M SETWYIAUII® Iyl JO SIWSBTITIFS0D 9]

~seTmYlAYAre IBTOOTIIUSA [YITA UOTIBLDOSSE

aaTaTsod S4T JO 9SnEdSq YIBIp JPTPIED JO UOTIVTPIad 2yl 03 PRINTIITAD

128uoT OU ,S0TIRAN
ses IH 3O IULSIId
pue IR YITa E
—ods~uou, SeM UOT
2I19M § UOTIE

03UT uofBl 3%
s1asculdoxd aTayl
“AaT

IUSRATEISAUT 30T ]
“UOT3

IO S9TATTEWIONS

1p 0 9sn, ‘ATIRTTUIS "UCTIENb? 2yl UT 10J PIIUNCODE
2Y3 20U0 UOTARQTIITCD JuU2puadaspul ou Ipeuwl 210I313Y3Q
232721102 AT9aTarsod sem UITUYA ,SOAJ WIOITITOW JDTPERI
soxe Uy -uwor3drpeid 2yl O3 2IANQTIAVOD 01 punoy TTTIS
nbs jo seTWmIAyIiE =Yz JO isow ‘(y morienmba) 1un0IIE
IT] SEm UOTIBMIOIUT TEDTUTLTD OTSBY Uy 2DUEITITUILS
pPeuTe191 SSUTPUTI-9NE JADUIDUA DIIIPTSUOD Sem 1T UDHM
IBIIOW [TBAZA0 JO WoT3dIpaxd Iyl o1 peInqrilucy JJAI
nq BTIpxe24pBiq SNUIS SE T[oA 5T SETHY1AULLE JWES Y]

ruaoy 9STREWT A0S ATSATSSIVX2 10 TWOTIDTPUOD asTndur

2 63 onp aIam I9IYL pue SeTwyILiyiie TeT0oTIjUARIdNS




Table 4.4/6
Estimated coefficients (b) and test-statistics (Z) of a multiple logistic
regression equation for the prediction of cardiac death in patients

with (+) or without (-} myocardial infaretion (MI).

Equation 2: age, sex and clinical information but not ECG~findings.

v Pyz- Zyr+ Zy1-
age {(years) .023 .075 1.59 4.73
sex (l=male,0=female) L2641 1.094 .50 2.58
digitalis .808 1.293 2.03 2.94
diuretics” .356 1.118 .88 2.49
constant ~1.977 -7.682 -1.85 -6.92

%*
l=present,0=absent

Table 4.4/7
Estimated coefficients (b) and test-statistics (Z) of a multiple logistic
regression equation for the prediction of cardiac death in patients

with (+) or without (-) myocardial infarction (MI).

Equation 3: age, sex and ECG-findings.

Pyr+ Pyr- Pur+ Bz
age {(vears) 027 .055 1.79 3.35
sex {l=male,Q=female) . 160 .633 .32 1.37
miltiforn 2vCs’ .187 1.203 .48 2.35
doublets’ and/or VI .532 .935 1.34 1.74
svr’ 1.565 1.317 1.29 1.42
atrial fibrillation' - 2.782 - 4.07
1° AV-block 1.266 3.110 1.74 3.28
TveD .915 2.203 .72 2.34
escape beats 2.126 1.624 1.86 2.66
constant -2.238 ~6.903 ~1.99 ~6.16
* O=absent, l=present
5 O=absent or present in eategory 1, l=present in categories 2,3 or 4
-

O=absent, l=present in category 4
T

O=absent,l=present in ¢ategories 1,2 or 3

Abbreviations see table 2.2/2
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Figures 4.5/1-4
P(D|X) by age for several categories of patients.
Computations based on the equation given in table 4.4/4.
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by means of the multivar:
used for these computati
For males and females wi
for six categories of pa
characterised by the pre

1: none of the char

2: mon-sporadic doul
3: use of digitalis
4: intermittent IVCE

5: both continuous :
6: non~sporadic doul
continuous atria
These graphs give a visu
in the coefficients in t:
a higher level for patie:
Similarly, P(D|X) was lov
comparable clinical char?

who used digitalis or pat

Yo

80

60

40

20

late equation given in table 4.4/4. The formulas
wﬂm have been given in sectiom 3.5.1.

‘b and without MI P(D{X) was plotted against age
fients (figure 4.5/1-4). These categories were
sence of:

scteristics included in the equation

slets and/or ventricular tachycardia

)
1trial fibrillation and use of digitalis

slets and/or ventricular tachycardia,

| fibrillation and use of digitalis.

2l representation of the information contained
ible 4.4/4. They show clearly that risks were on
aits who sustained am MI prior to ECG-recording.
ser for women than for mem with otherwise
scteristics. P(D|X) was the same for patients

tients who had non~-sporadic doublets and/or

=
o%b{S~

Figure 4.5/5
Distributions of the sum~
based on equatiom & (tabl

i
sumscere

e 4.4[/4) for the prediction of cardiac death.

-82=

score for cardiac cases (n=123) and contrels (n=433)
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ventricular tachycardia.
(accompanied by the use

cardiac death. The magni
present.

The sum-score was compul
distributions of the sum
in figure 4.5/5. In this

using equation 4 for the

The presence of continuvous atrial fibrillation

of digitalis) greatly increased the risk of

tude of this increase was greater when MI was

~score for cardiac cases and controls are shown
particular figure, the sum-score was computed

prediction of cardiac death. From this figure,

sensitivity can be estimated as the proportion of cases with a sum-score

greater than a chosen cu
controls with a sum-scor
Repeating this procedure
the Receiver Operating C
figure 4.5/6 the four RO
multivariate equations ¢
given in tables 4.4/1-4.
constructed for the pred
tables) are shown in fig
The ROC curves provide a
equation (see 3.5.2). On
off between sensitivity

cut—off point for predic
As an example, choosing

only age and sex are use
4.5/6). Specificity rise
account but to 59% when

When prediction is based
specificity is 72% at 90

it can be seen that the

tion of overazll mortality

curves which are concern

r—-off value and specificity as the proportion of
e smaller than or equal to that chosen value.
for several cut-off values of wAU_NV permitted
haracteristic (ROC) curve to be plotted. In

C curves are shown which are based on the four
onstructed for the prediction of cardiac death
The four ROC curves based on the four equations
iction of overall mortality (given in the same
ure 4.5/7.

visual representation of the performance of an
e possible use is to choose a particular trade-
and specificity and use the corresponding

tiom.

an sensitivity of 20%, specificity is 41% when

d for the prediction of cardiac death (figure

s to 507% when ECG-findings are also taken into
rlinical variables are added to age and sex.

on both clinical information and ECG-findings,
L sensitivity. Comparing figures 4.5/6 and 4.5/7
four curves which are concermed with the predic-
¢ lie more closely together than do the four

ed with the prediction of cardiac death. Tn the

terms of the previous exzmple, this means that, for a chosen sensitivity,

the increase in specific

ity going from one curve to another is smaller

when predicting overall mortality. In fact in figure 4.5/7 for equations

1, 3, 2 and 4 specificity is 42%, 42%, 57% and 6l% respectively at $0%

sensitivitcy.

—84

ed for each patient. As an example, the cumulative
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Table 5.1/1
Minimal relative risk th
tical test based on 123

P is the proportion of e

at can be detected by a univariate two-sided statis-—
cases and a variable number of controls (n).

xposed controls.

P RR RR ER RR RR RR
e n=123 1n=433 n=4882 n=123 =433 n=48§2
.1 .08 .19 25 3.08 2.51 2.28
.3 .36 .45 49 2.38 1.98 1.87
.5 .43 .51 55 2.38 1.97 1.87
.7 .43 .51 55 2.84 2.30 2.05
.9 .33 .40 45 13.22 5.32 3.98
2p0=.05, g=.10

of exposed controls (i.e
consideration). Using th
risk (which in the preser
was computed for the sity
that 1) the number of cor
2) the number of control
equals 4882 (k=22.9). Tat
portions of exposed contz
smallest detectable relat
controls is larger. Howev
is increased from 123 to
The "gain® of analyzing t
of a random sample is cle

such an analysis.

Controls were randomly sa
sampling procedure (see 2
one hospital was proporti
from that hospital and th
evenly distributed over t

There were z number of ad

controls having the characteristic under

2se formulas the minimal detectable relative

1t study is approximated by the odds ratios)
lation that the number of cases equals 123 and
itrols equals the number of cases (k=1),

s equals 433 (k=3.5), 3) the number of controls
le 6.1/1 gives the results for different pro-
ols. From the table it is evident that the

ive risk is closer to unity when the number of
er, the "gain’ is much greater when this number
433 than when the increase is from 433 to 4882.
he data of all survivors rather than the data

arly outweighed by the extra cost involved in

lected from all non-cases in the sample. The
.6) ensured that the number of controls from
onal to the number of non-cases in the sample
at the dates of ECG-recording of controls were
he two and a half years of the study period.

wvantages to the random sampling of contreols as

compared to the possibility of matching controls to cases.

Firstly, randomly sampled

in the sample. This fact

controls are represemtative of the non-cases

permitted the estimation of the prevalence of
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However, inaccuracies in
medication used at the t
of medication may have b
without medication (tabl
Indications are similarl
significance of certain
considered, under-report
one compares the prognos

indication or medication

patients without and wit]

the association of the ¢
only be weakened by unde
frequently in patients w
One may hypothesize that
more attention to reques
This would not have infl
good prognosis. It may h
and of diuretics are of

significance of the use

investigators who did co

follow-up study (Ruberma

The same line of argumen
the 24-~hour ECG. The oce
reported due to inattent
give attention to those
particular activities or
the analyst may be looki
of details given on the
other arrhythmias. If th
patient is serious, this
analysis.

It is difficult to speci
present results. However
of atrial fibrillation o
and under-reporting may
Similarly, arrhythmias w

missed than arrhythmias

the indication for ECG-recording and the
ime could not afterwards be detected. Thus use
en under-reported and the 46% of patients

2 4.1/2) may be too high an estimate.

y subject to error (see 6.2). When the prognostic
indications or use of certain medicatioms is

ing does not lead to spurious associations. As

is of a group of patients with a particular

with the prognosis of a group which comprises

h that characteristic {due to the under-reporting),
haracteristic with mortality (if present) will
r-reporting, unless under-reporting occurred more
ith a good prognosis.

this is the case, because a physician might pay

t forms of patients with a more serious condition.
venced the finding that palpitations indicate a
ave influenced the finding that use of digitalis
prognostic significance. However, prognostic

of these medications has also been reported by
llect their data in the context of a specific

h, 1977, 1980).

t may be followed with regard to the analysis of
urrence of arrhythmias may have been under-

ion of the aznalysts. The analyst may selectively
parts of the tape which correspond in time with
symptoms noted in the patient's diary. Again,
ng for a particular kind of arrhythmia because
request form and therefore be less attentive to

&

analyst is aware that the condition of the

may result in increased attention during the

Iy the precise effect of these mechanisms on the
, it seems unlikely that the continucus presence
r first degree AV-block would net be detected

be presumed to be absent for these arrhythmias.
hich occur frequently are less likely to be

which occur only sporadically. Thus intermittent
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Table 5.3/1

Observed and estimated p

revalence (%) of indications

indication

myocardial infarction
coronary heart disease
palpitations

dizziness

syncope

evaluation of therapy
evaluation of arrhythmia
evaluation of pacemaker

other

se

* normal approximation n

observed estimated se
L4 14 1.5

7 7 1.1

38 &4 2.2

14 13 1.5

18 17 1.7

4 4 .9

28 27 1.9
1 1 A

3 6 1.0

standard error of estimate

pt appropriate see 3.1.1

5.3 Estimation of preval

In chapter 4.1 estimated
been given for character
subsamples of cases and

the sample with a partic
average of the proportio
The standard error of Wm
errors in the two strata
construction of a confid
cases or all controls wi
To demonstrate the relia
prevalences of the indic
sample, see 2.5) were coi
indications of cases and
between the two, except

In these categories the

confidence interval. The
more scrupulously than w
sample. This may be the

"other’ in cases and cont

ence in the sample

frequency of occurrence in the sample has

istics which were known for patients in the
controls only. The proportion P of patients in
1lar characteristic was estimated as a weighted
ns of cases and controls with that characteristic.
was estimated as a weighted sum of the standard
of cases and controls. The latter permitted the
enice interval for the true proportion Py of all
th a particular characteristic.

pility of this estimation procedure, the observed
:tions (which were known for all patients in the
rpared to those estimated on the basis of the
controls (table 5.3/1). There is good agreement
For the categories 'palpitations’ and 'other'.
sbserved value P lies outside the estimated 95%
indications for cases and controls were coded
>re the indications for all patients in the
reason for the higher frequency of the indjication

trols. For the estimated proportion of patients

=90
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than in describing the ¢

being studied.

linical characteristics of the actual sample

Use of a normal approximation to the binomial distribution for the

construction of confider
is, ﬁwmv was not less tl
than 6% for cases AﬁHuHm
However, when estimating
categories of age and se
4.1/8=10), the numbers

were based were reduced
normal approximation to

either not given in thes

An alternative might has
confidence intervals for
Lentner, 1968) for such
of an infinite populati
Theoretical derivations
of two proportions have
confidence interval of ¢
such as a weighted aver:
theory. Such derivatiom
however. Alsc, computer
available and would be 1
For these reasons, it wé

accept a reasonable deg:
5.4 Tukey's median polis

The "median polish' mett
indication and age. This
analysis of variance wit
the mean is used as the
an iterative procedure i
expected values (E) and

2mply described elsewher

1ce intervals for wr gave no difficulties (that
ian 10} except when m# was very small i.e. less

5) or less than 3% for controls nuwn@wwu.

y
g

% (tables 4.1/6,7) or of indication (tables

the prevalence of arrhythmias in the sample for

f cases and controls on which these estimates
(table 4.1/5). This often caused the use of the
become invalid. Therefore, standard errors were
5e instances or were marked with an asterisk.

ve been to base these estimates on "exact’

3 mw as described by Stern (1954). Tables (Diem &
confidence intervals are based on the assumption
L.

for the 'exact' confidence interval of a difference
been given by Santner & Snell (1980). An 'exact'
ther linear combinations of two proportions,

ge, might conceivably be derived from the same

; were beyond the scope of the present study,
programs for these procedures are mot readily
rather costly in terms of computing time.

15 decided to use the normal approximation and

ree 0f imperfection.

10d was used to explore relationships between
technique applies concepts from classical

h this difference that the median rather than

principal measure of centrality. As a consequence,

s necessary to compute the matrix of estimated

the matrix of residuals (R). This procedure is

e (Tukey, 1977; Velleman & Hoagliin, 1981).
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after 18 months in figu:
percent of patients wer

who had moved was not r

5.6 Classification of c

Two sources of informat
available to us. Firstl;
naire (see 2.7) which w:
general practitioner. §
physician who was atten
or may not have been th
Cause of death was obta:
and throvgh the questio:
one source was available
was known from both sou
Age and sex of each cas
available from the Card:
On the basis of this in

cardiovascular or non-c

First, the 26 cases wit}
cardiac.

Then, 83 cases for whom
least one source were cl
been described on the gt
13 of these 21 patients
The ott

If no other inf

for that reason.
cardiac.
CED the death was assumg
congestive heart failur
One death whick

valvular heart disease

cardiac.

E
cardiac, were all classi
number of 123 cardiac de
Eleven deaths due to cex
vascular. However, four

mentioned in addition teo

e 4.2/1 may be slightly underestimated. Fifteen
70 years or older, but the proportion of patients

corded.

wuses of death

lon regarding the cause of death of cases were
7. cause of death was included in the questiomn-
15 sent to the referring physician or to the
2condly, information was obtained from the

dling the patient at the time of death. This may
> same physician who answered the questiomnaire.
ined from the attending physician for 180 cases
maire for 103 cases. Information from at least

> for all 195 cases. For 88 cases, cause of death
Fees.

> as well as the indication for ECG-recording were
Lolab archives (see 2.3).

formation, deaths were c¢classified as cardiac,

irdiac as follows.

1 any kind of neoplasm were classified as non~

a myocardial infarction was mentiomed in at
lassified as cardiac. In 21 cases the death had
restionnaire as 'sudden'. An MI was mentioned for
and these had already been classified as cardiac
ier 8 'sudden' deaths were also classified as
ormation was available than that the patient had
d to be cardiac (15 cases). Eleven deaths from
and 2 from cardiomyopathy were classified as
was due to cardiac standstill, two due to

nd one described by the general practitioner as
fied as cardiac thus making full the total

aths.

ebrovascular events were classified as cardio-
cases for whom a cerebrovascular event was

a myocardial infarction, had already been

.7
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non-cardiac cause. Even sc¢, odds ratios usually increased when the

analysis was restricted to cardiac deaths only (sections 4.3, 4.4) as

may be expected if the v
cally associated with ca
classification, though n

that 37% of cases did no

ariables considered are assumed to be specifi-
rdiac death. This suggests that the present
ot perfect, is reasonably reliazble. The fact

t die of a cardiac cause (figure 4.3/2) points

once more to the diversity of disorders which was present in patients in

the sample.

5.7 Selection of variables

The computer program which was actually used for the initial screening

of wvariables (see 3.4.1)

was the procedure "Regression’ in the interactive

statistical program package SCSS (Nie et al, 1980). When the dependent

varizble is dichotomous,

the coefficients in a multiple linear regression

equation differ only by a4 constant from the coefficients in a linear

discriminant equation (Kleinbaum & Kupper, 1978)}. The constant depends

or. the numbers of cases and contrels and on the coefficient of deter~

mination Re-squared which

considered. The ratio of

is unique to the particular regression equation

a coefficient to its standard error is identical

in both instances. SCSS permitted one by one inclusion/exclusion of

variables in the equatio
nation or a stepwise pro
The usual procedure was

equation 2 and test for

of variables which had b
independent of age and s
{equation 2). Interactios
The interactive computer
variables 'while vou wai
including a variable on

already in the equation.
Patterns of collinearity
variables on the size of

this way and possible al

n as well as forward selectionm, backward elimi-
cedure.

to add each eligible variable to equation 1l or
significance. Subsequently, a model was constructed
ren found to contribute significantly to prediction,
ex (equation 1) or of relevant clinical variables

. variables were also considered in this process.
program made it possible to compute interaction

' and to see on the terminal the effect of

the coefficients and test-statistics of variables

(i.e. the effects of asscciations between
the coefficients) were easily recognized in

-ernatives could be summarized efficiently.

When a choice had to be made between correlated variables, prior views

as to the relative impor

were also considered. In

ance of variables and ease of interpretation

other words, information 'not embodied in the

-96—




“(0861 ‘Aeq % so[s2ag) of

-uoTaenbo 1eyl jo souswioIxsd Iyl IqEnTEAL

07 pue woriEnbs UE JO SIUIDTIFO0D BYl SITWTISD 03 posn 2iaa s3udlaed Jo

soTdwesqns swes 273
ses juatied 4

103J SpEW 21dm SUC

syl " (z°"G¢°¢ ¥95) SWCOINO PaaI’sqo 3yl o1 peaeduod
DBD JO Wo23no pa3drpaid oyl PUE STOIAUOD DPUB SITBD

Ta>1peid ‘uoraznbe yoeo Jo 2I00S-WNS IYR I0F SaNTeA

JJO-3nD JUSILFFTP FO Tequnu B SUIS[ "4y UOTIVVS UT UIATE suorienbs

oTI3sT30T Ul

~TUTI9sTp~-dnoad omz

TOTIBUTWTIISTP Patl

pES] 27BI-10133 313

aa®Y (([6]) SUBWILH
pai1sa88ns uwoaq SBY YD

pue stseyzodiy Tinu I
S0TISTIBAS 28241 SITE
2Y3 {ITH 2DUL]

Jo pu® 3s33 STUL

pUE S2JUBISUT JO I3¢

POOYTTaYTT 243 “(¥-¢
219m uoTlenbe UOTSSD
TUOTINQTIASTP T
3urse2I0UT 103
WoxF JUIIDIITP AT

sem (D9TISTAEIS-Z @

—7suodsal 23BOTPqE O

,2aT322lqo, 23vI0TO

-10183TIS2AUT AU I

STGELIBA I0I 2IMPIDOR

2ATIDBISIUT JO

ug YsNg *IUN0D

10 @ouemzozIad Yl 21BN]EAS 03 PISTH IIIA SIAIND [HOY

£3to1IToods pue AQTATITSULS JO UOTIPEIISH §°¢

-g3TnSs1 IPTTWIS 03 PedT sayoroxdde oml 2y3 uotieu
103 eyl A7dur szoyiane 2yl pur sdnoid 93Iyl uswmlaq
souoD saTdmexs 959Ul ‘IVAIMOF "SITNSAI JUIIAIIITP ©3
3o puE STASTIBAS-Z 2UI JO 2951 vx3ym soTdmexs uaATS
pu®E PTeqqEH ‘UOTIBDTJTSSEIISTE JO 21BI-I0II 3Yl ST
Um SITGEIILA JO UOTIDITIS 2YI 103 UOELIIITIAD IYiouy
*UCTINGTLIASTP SWeS 2yl ALY
13 I9puUn saTnsax Teorisunu Tenbe Ajeivurxoadde aard
lmes 23187 Ul ATYl (0861) AeQ ® mossig Aq Iusmelels
X10DD% UT ST STUL "9I1STIvAS-Z 2Yl U0 PIseEq 3591 3UY
0 S9WOIINO IY1 uIMlaqg JusuweaxBesTp Ioscu sesm AU
N B UT POSN 19EBF UT SEM 3591 0TIABI POCUTTIHMTT oYl
UedTFTIUSTS AT9Y3 1S9 01 POSN UPDQ 24BY IGETE O0TIERI
y9S) POYISW POOYTISTI] WOWTIXEW Yl YINOIy3 PI1ewils?
1321 21351807 ordraTna oYl UT SIUITOTIFI0D 2UI IDUTS
PE0U pIEpUBR1S °Y3 SIysrordde OT3STILIS STYI SIIqEnU
1Byl wWeIcayl ITWIT TBIIUSD 2YI WOl SHOTTOF 3] -0I19%
JuESTITUSTS SBM JUSTOTIIR0D 2Y3 I9U33yYys 3893 03 pasn

13) Z0i11% PARPUERIS SIT O3 IUSTDIIISOD ¥ JO OTIRI 3L

“£3TTIq
1 UOTSTIoop 2aTi2@f{qns ® ST zoindmod © WOIJ STOISTI2P
1 01 BUl ‘93®1s ATIY3Ta (I861) UBEATISA ¥ UOSIIPUIY
o juosulpnl[ Teuosiad 2yl 99BTdal 19490 UEBD UOTIDI[F
d pejemoane swos ‘uoturde ino url -smeafoxad isindmod
AITTTqeTTRAR 2143 4q peilelriroel Ariesid st yosvoadde

DB O3UT USNB1 Ses ,I9induod Yl 03 pIiuesaid siaqunu




Lachenbruch & Mickey (19
estimate the coefficents
method (which they call
an estimate of the sensi
equation. A better estio
evaluation were indepenc
cocefficients. This estic

binomial distribution.

One way to achieve this
from the present study ¢
patients which in turn

observed outcomes in thi
might be estimated and c
based on the binomial dj
great practical appeal &z
well a particular equati
whom it is unknown a pri
However, few researchers
up a second cohort of pa
Moss et al (1976) and Lu

A less costly variant of
cases and controls into
(i.e. estimation of coef

evaluation of performanc

68) have shown that, if the sample used to
of the prognostic equation is not large, this
the resubstitution method) gives too optimistic

tivity and specificity associated with that

nate would be obtained if the sample used for

ent of the sample used for estimation of the

nate would be unbiased and it would follow a

would be to use the equations which resulted

o predict mortality in a second cohort of

ould be followed up. From the predicted and

s second cohort sensitivity and specificity
onfidence intervals for these estimates could be
stribution. Furthermore, this approach has a

s it gives a direct answer ro the question how
on will predict mertality in future patients of
ori whether they will survive or die.

can afford the time and the money to follow
tients. In the area we are dealing with here,

ria et al (1979) have used this approach.

this method would be to split the dataset of
two subsets and use one subset for learning
ficients) and the other subset for testing (i.e.

e). The estimates of sensitivity and specificity

resulting from this evaluation wight be treated as if applying to the

equations based on the &ﬂnwﬂm dataset of cases and controls. This weould

L
give an impression of th
[

e performance of these equations assuming that

this performance is not worse than the performance of the corresponding

equation based on a part

Table 5.8/1

of that dataset.

Sizes of the subsets resulting from a division of the cardiac cases and

controls.
subset 1 subset 2
cases 63 60
controls 214 219
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The dataset of cases and
mately equal size (table
sequentially and assigni
and patients with an une
a cardiac cause of death
coefficients for four le

as the equations given i
mortality. The sum-score
cardiac mortality both i
(independent sample) for

tivity and specificity w

The results for each equ
together with the estima
with the corresponding e
From figure 5.8/1 it is

closely together in all

consistently more optimi
the estimares based on t
based on the subsets. If
the estimates based on s
within its range in virty

of cases and controls we:

[

controls was split into two subsets of approxi-
5.8/1).This was done by numbering the patients
ng patients with an even number to one subset
ven number to the other subset. Only cases with
were considered. Subset 1 was used to estimate
gistic equations comprising the same variables

n tables 4.4/1-4 for the prediction of cardiac

5 of these equations were used to predict
subset 1 (resubstitution) and in subset 2

a number of cut-off values (see 3.5.2). Sensi-

ere estimated for each of these predictions.

ation are shown in a graph (figure 5.8/1)

tes of sensitivity and specificity associated
quation as reported im chapter & (figure 4.5/6).
apparent that the three different estimates lie
instances. The estimates from subset | were not
stic than the estimates from subset 2. Nor were
le entire dataset more optimistic than those

we were to construct confidemce intervals for
ibset 2, the other two estimates would lie

1ally 211 instances. Evidently, the subsamples

e sufficiently large to avoid the bias associated

with the resubstitution method against which Lachenbruch & Mickey

warned.
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applies to patients with

benign. It should even be

other disorders, some very serious, some

recognized that a certain proportion of

patients in the sample may have been perfectly healthy. The exact

distribution of these var
fluenced the results of t

known.

What is known of all pati
the out-patient c¢linic an
such a nature that the ph
recorded. Consequently, t
a patient population whic
through their interaction
of a 24~hour ECG.
It must be recognised, ho
policy of the individual

ECG-recording. A change i

ious conditions in the sample may have in-

his study. However, this distribution is not

ents in the sample is that they had attended
d had presented with signs and/or symptoms of
iysician decided that a 24-hour ECG should be
he present results can only be extrapolated to

h can be subjectively defined as those who,

with the physician, give rise to the recording

wever, that this definition is dependent on the

physician with regard to the use of 24-hour

n this policy will ultimately change the

patient population thus defined and extrapolation of the present results

may be no longer valid.
For example, the publicat

ventricular arrhythmias i

rhysicians to record 24-~h

lons reporting the prognostic significance of
n post-MI patients (table 7.2/1) have stimulated

our ECGs for the evaluation of the prognosis of

the post-MI patient. Conspquently, many such patients have undergone

24~hour ECG-recording in

recent years, whe would not have been selected

for this investigation during the period with which this study is

concerned. Given the diff
arrhythmias for post-MI p
studied elsewhere (see 7.
present results for post-]
from a more recent period
Similarly, the present re
this thesis stimulated ph
evaluating the prognosis

indications used up to th

The report of the ECG-ana
2.2.4) and subsequently u

enabled him or her to sel

erent prognostic significance of ventricular
atients in the present sample and for those

2), it is reasonable to suppose that the

MI patients would not be reproduced if a sample
were considered.

sults might not be applicable in the future if
ysicians to record 24~hour ECGs for the sake of
pf the patient rather than for any of the

> present period.
lysis was sent to the referring physician (see

rilized as one cf the bits of information which

>ct the treatment strategy for that individual
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3% %

Figure 6.2/1

6%

13 %

N=365

Distribution of second indications for patients with the indication MI

and one other indicationm
The unmarked segment rep

procedure was not yet wi

. Abbreviations see table 2.2/1. 0 = Other.
resents the indication evaluation of pacemaker.

dely recognized. Besides, ambulatory 24~hour

ECG-recording had been introduced by Cardiolab as a method o be used in

the out~patient clinic.
MY sustained this MI not
(table 4.1/1).
Considering patients wit
in 55% of patients with
conjunction with another
MI the second indication
evaluation of therapy (£
higher when patients wit
well.

Approximately 30% of patients with the indication

more than 3 months before the 24-hour ECG

h two indications (see 4.1.1), it was found that
the indication MI, this indication occurred in
indication. In 28% of patients with the indication
was palpitations, dizziness, syncope, or

igure 6.2/1). These percentages are slightly

h three or four indications are comnsidered as

The above observations emphasize that 24-hour ECG-recordings were mot

made in unselected post-
who needed extra care because they presented with symptoms or did not

respond well to therapy.

It has been shown in seg

with the indication MI &

MI patients but rather in those post-MI patients

tion 4.1.2 that the age-distribution of patients

iffers from the age-distributions of patients
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In 56% of patients with
conjunction with anothes:
palpitations, dizziness
6.2/2). This suggests ti
but was rather an added
The age distribution of
form as the age distribsy
4.1/6A). The remarks ma
here. Because mortality
CHD than for those with
in no way account for tl

groups.

6.2.3 palpitations
Patients with the indic
4.1/4) and were younger
4.1/6B)}. As a consequen
palpitations was lower
(figure 4.2/3). In fact
probability of death wi
without it (tables 4.3/

6.2.4 dizziness and syn
Afrer 'palpitations’ an

indication most frequent

the indication CHD, this indication occurred in

- indication and in 37% the second indication was

syncope, or evaluation of therapy (figure

12t CHD was usually not the primary indication

factor in patients who presented with symptoms.
patients with the indication CHD was of the same
ition of patients with the indication MI (figure
le for the latter patient category also apply

is much lower for patients with the indication
the indicatfion MI (figure 4.2/3), mortality can

e low frequency of occurrence in the higher age

1tion palpitations were more often female (figure
than patients with other indications (figure

e, mortality in patients with the indication
han for patients with any other indication
patients with this indication had a smaller
hin 18 months of ECG-reccrding than did patients
and 4.4/2).

ope
'evaluation of arrhythmiazs®, "syncope' is the

ly used for ambulatory 24-hour ECG-recording.

Several authors have cogmented on the importance of ambulatory ECG-

recording in patients wi
continue monitoring if z
(Walter et al, 1970; BL

et al, 1976). However,

3
single 24~hour recording
(see 2.3). It is not pos
sample how often the all
by the arrhythmias detec
Inspection of the age di
often had the indicatior
other indications (figur

'syncope' occcurred equal

th syncope or dizziness and alsc on the need to
first 24-hour ECG does not yield any results
ifer et al, 1974; Goldberg et al, 1975; Lipski
11 data in the present study are based on a
since only first recordings were considered
sible to say for the patients in the present
eged symptoms could be satisfactorily explained
ted on the ambulatory 24-hour EGCG.

stributions shows that patients aged 80-89 more
s 'dizziness' and/or 'syncepe' than they did

e 4.1/6B). The indications "dizziness' and

ly frequently in males and females (fig. 4.1/4).
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Table 6.2/1
Coefficients (b) and e

prediction of cardiac d

t-statistics (Z) of a multivariate equation for the

age (vears)
sex (l=male,0=femzle)

pacemaker (l=present,0=

coefficients estimated !

b A
.051 7.27
.972 4.28
xbsent ) 1.232 1.96

y linear discriminant analysis

pacemzker’'. These were I
male and female (figure
these patients {(figure ¢
indication was 4.4 (tab
This high risk was part
higher ages of these pa
have symptoms in spite
for ambulatory 24-hour ?
pacemaker malfunction he
al, 1974). Uncertainty
at increased risk for ur
ECG-recording has been :
malfunction (Bleifer et
(Jacobs et al, 1981).
There were 9 controls ar
study. One man aged 42 %
ECG, clearly indicating
3 vears, possibly as a ¢
pacemaker malfunction.

described by the physici

"cardiac standstill' and

three were not specified

One patient died because
myocardium. Two deaths w
myccardial insufficiency

also been reported elseu

rimarily elderly patients (figure 4.1/6) both
4.1/4). Mortality was relatively high among
+.2/3). The crude odds ratio associated with this
le 4.3/1).

.y, but not exclusively (table 6.2/1), due to the
tients. Furthermore, patients who continue to

»f the presence of a pacemaker are recommended
.CG-recording only after other methods of detecting
ve fajled to bring anything to light (Bleifer et
1s to the cause of symptoms puts these patients
iexpected complications. Ambulatory 24-hour
recommended as it may revezl intermittent pacemaker

al, 1974) or stimuli which inkibit the pacemaker

d 10 cases with a pacemaker in the present

ad pauses of more than 3 seconds in his 24~hour
pacemaker failure. He survived in the subsequent
onsequence of the successful detection of

f the 10 patients who died, 5 deaths were

an as sudden. Of these, one was described as

one as ventricular fibrillation. The other

but may well have been of an arrhythmic nature.
the pacemaker electrode had perforated the

ere said to be caused by acute MI and two by

- A pooxr prognosis for pacemaker patients has

here (Gould et al, 1978; Ginks et al, 1979). Due

-108~

ath based on age, sex and the presence of a pacemaker.
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between PSVCs and presen
who used b6-hour recordin
ECGs. Correlation with a
by these investigators ai

in prevalence of PSVCs b

Supraventricular tachyca
sample (table 4.1/6). Th
did increase with age. S
This is in accordance wi
SVT occurred in 15% of p
20% of patients with diz
figures were not very di

whole.

Sinus bradycardia (i.e.
15%Z of patients (table 4%
age and sex. It was more
in those without (table
used digitalis than in p
significant asscciation 1

the use of any other dru

6.3.3 other arrhythmrias
The remaining arrhythmia

nodal rhythm, sinus cach;

Table 6.3/1

Assoclation between occuz

e of CHD was reported by Hinkle et al (1969)

s and by Chiang et al (1969) who used standard
re was reported by Chiang et al (1969). Studies
1d by Okajima et al (1960) revealed no difference

tween males and females.

rdia (SVT) occurred in 18% of patients in the
2re was no clear sex-difference but prevalence
/T was not associated with MI {tables 4.3/6,7).
’h evidence presented by Hinkle et al (1969).
atients with palpitations (table 4.1/9) and in
ziness and/or syncope (table 4.1/10). These

fferent from the prevalence in the sample as a

y, heart rate <50/min.; table 2.2/1) occurred in
1/6). There was no comsistent relationship with
prevalent in patients with a history of MI than
4.3/6,7) and occurred more often in patients who
1tients who did not (table 6.3/1). There was no
setween the prevalence of sinus bradycardia and

rs.

which were considered in table 4.1/6 were

rcardia (defined as a heart rate >15C/min.),

-rence of sinus bradycardia and use of digitalis

cases controls

sinus bradycardia  sinus bradycardia

present absent  present absent
use of present 11 56 10 35
digitalis absent 10 118 53 335

Mantel-Haenszel pooled es
2.0

Mantel-Haenszel chi

timate of odds ratio
8 (p <.01).

2.01
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Table 6.4/1
Prevalence of arrhythmia

present study.

as reported by Bleifer et al (1974) and in the

Bigifer Present Bleifer Present
1974 study 1974 study
Uniform PVCs 41 81 PSVCs 43 60
Multiform PVCs 21 49 SVT 16 18
Doublets 10 26 Atrial fibrillation 4 5
VT 4 10 Nodal rhythm 3 3
Sinus bradycardia 8 15 1% av-block 2 4
Ventr. or suprav. arrest: 4 8 2° AV-block 2 4
Abbreviations see table 2.2/2

Bleifer et al (1974) rep
tive patients who seem ¢
Although a distribution

reported here; there wer
patients had artificial

was 65 years. Prevalence
table 4.1/6 of this thes
figures reported by Blei

present study presumably

Table 6.4/2

orted on 1673 10-hour recordings in 1281 consecu-
ymparable to the sample of the present study.
those

48

pacemakers; 54% were male patients; median age

is not given, indications are similar to
> patients with and without previous MI;

s as reported by Bleifer et al and as given in
15 are compared in table 6.4/1. Virtually all
fer et al are smaller than those found in the
due to the shorter recording time.
Another study which allows comparison

is reported by Lopes et al {1975)

Prevalence of arrhythmiag as re-
ported by Lopes et al (1875) and and concerns 24~hour recordings of
in the present study 54 patients with a variety of heart
disease. Mean age was 51 years
Lopes Present (range 17-83); 83% were males; 26%
1975 study had proven CHD; 44% received cardiac
moltiform PVCs 44 49 medication. Figures from this study
bigeminy 53 16 agree well with those reported in
doublets 44 43 table 4.1/6 (see table 6.4/2). The
YT 13 10 authors comment on the high prevalence
PSVC 63 60 of supraventricular tachycardia they
SVT 35 18 observed and mention that SVT often
occurred during sleep, as was also
Abbreviations see table 2.2/2

repoxrted by Lowm et al (1973). Even

-l12-
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Table 6.4/3
Prevalences of "apy PVCs®

post-MI patients using an

and ventricular tachycardia detected in

bulatory 24-hour ECG-recordings as reported

by different investigatoxs.
Bigger DeSoyza Ryan Schulze Present
1978 1978 1975 1975 study
sample size 100 46 81 36 668
mean age (range) 61(30-9Q) 54(26-73) 57(31-85) - 58(25-83)
% males 70 106G 100 —— 85
pre- or post- Pre pre post pre post
discharge
% % % % %
any PVCs 88 70 86 65 94
VT 14 4 20 19 25

Rehngvist, 1978). From th
prevalence of 'no PVCs'
'any PVCs') and for ventr
for the prevalence of arr
other limitations of this
al (1977). Another diffic

bigeminy, which therefore

ese publications one can obtain figures for the
the lowest grade, which is complementary to
icular tachycardia (the highest grade) but not
hythmias in zny of the middle grades. This and
classification have been discussed by Bigger et
ulty is that this classification deoes not include

often goes unreported. However, an advantage

is that patients are assigned to mutually exclusive categories in this

way. This is not the nmeMS#mn prevalence of each arrhythmiaz is reported

separately as one patient

may demonstrate more than one kind of arrhythmia.

In table 6.4/3 prevalences are given of ventricular tachycardia in post-

MI patients as reported b
recordings. Bigger et al
PVCs and 14% with ventric
reported a higher prevale
in males than in females,
that Bigger et al include
for the difference may be
Patients in the study by
patients in the two previ

for the lower prevalences

y different investigators who used 24-~hour ECG-
1978) reported 88% of post-MI patients with
ular tachycardia (VT)}. Ryan et al (1973)

nce of VI (20%). As prevalence of VT is higher
this difference may be explained by the fact

i 30% women in their sample. Another explanation
that Ryan et al studied patients post—discharge.
DeSoyza et al (1978) were somewhat younger than
res studies. This may account at least partly

of PVCs and VT reported by these investigators.
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fibrillation as observed!in the present study (tables 4.1/9-10) agree
well with those reported by Goldberg et al (table 6.4/4). However,
prevalence of supraventricular tachycardia is lower in the present

study. Lipski et al (197%) reported on 535 patients with similar symptoms.
However, prevalences of ¢nly a few arrhythmias were reported. Comparison
is hindered further by differences in definitiom.

It is not possible on the basis of the data presented in the present
study to say how often the alleged symptoms could be satisfactorily
explained by the arrhythmias detected on the 24-hour ECG as was attempted
by Camm et al (1978) and|by Burckhardt et al (1982).

=116~




o8e soTqeTieA @941 8

suoTaenbs oT3s0UB0L

SET

2q ue» uted In

paisaTdau 2q 30U DT

ATIe9T) "UOTITWIO
s3uTPUTI~I0T USYA
Fo AaroTJIveds B U3

*2anTIBg

STT®ITRIP JO HST1 01
am (I861) TB 32 U
*39sEB1Bp ANC UT °2pnT
FATISP3UOD O DIUD
“F{9s31T 3nip 2y3 o3

STITE3T8YP 10 =250 243l

SETUylLYIIB IBINOTI
(1861 “£L61) T® 3
‘goueazodur Aue 3o
pPo19°19p SETE2AYL
2a®y JYSTW IY 2Y3I IO

JETNOTIJU2A JO IVUL

12 sSso *JuIpIoIaI-
12y3oys FUTIBITPUT 27
‘uorienba 92Ul UL }
JBTPIED JO UOTIY
150 Y3 Sem IH

ay3 uo peivipead

SONId

={11-

rrpnrour uopienbe 91RTIABATITOA B Ul ‘4 4 sadeys ot
1 oyz 30 AuB UT PIPRIOUT U22q 10U 2ATY SJAd WIOFTU]
£pn3s quessad 2y3z WoOlII SITNSBI 1°7° [
rm14yale IBPTNOTIIOSA Jo 9ouedTyIudrs dT3soudoid '/
-1Tom se sSurpuIF-90% Buraeprsucs Lq PIUTEI|O
j8utuesw ® ‘Iosemof -A3ITE1IOW JO uoglsTpeid =yl 03
noys UWOTIBWIOIUT TEOTUTTD STYRIBAR ATIUTINOI “ULU3
JUT TEOTUITS 03 TOTITPPE TT UWOT1DTPaad 103 posn 3ias
g7/ 01 paseerdur L1ToTITo2dg ~AITATITSUSS Y06 IF %6C
tm poaoTpeid =q PINOD YIESP OBIPIRD 7 UWOTIENDD YITH
1reoy 2aTasaBuod 3o @vussaad Syl Uo TRUOTITPUCD 251
uoTINgTIjuod juspusdepur IYa Lpnis 03 JTE 10U 21K
emaaqrg pue (I861) B 3@ SSO 03 AXBI1u0d 210I313Y]
JUT 03 2TGRUN 2124 oM YOTYM dIANIELdI B ‘IINTIBRY IIBIY
goad oy1 23E0TIPUL LPW SOTILAOTP PuUB STTEITITP JO 950
onp LTTATSSID2U 30U ST STYL ~PIILIISUCESP SEMN YOTUA
tu1Ta pPo1BIDOSSE {SIL SS90X9 UE ‘Apnis jusssad oyl uj
“TH 2Y3 IP3Ie sTeaxalul Juidiea 32 PPIDaI0P
Juea 10 2oueaTITUdTS dr3asoudoad Iyl pelBIISUOWSP OUM
9 uewroqny Jo STUIPUTI dUI Lq PRTUIP ST PUE “IaAaN0Y
¥IEp U0 paseq 10U ST uorisaBlns aTayY -a8aeyostp-aad
1B IBTNOTIIUSA 9U2 ueyl 9ourdIITul3TS orasoudoxd ssof
seyd »IndoE 2YI IVITE SYIUOW ¢ PIIVOIIP SETWYILYLIE
2013TuSTS oTasoudoad syl eyl peziseyloddy (//6T1) TE®
.00 031 10Tad syjuomw § TTYILA PRIINDIO JH 2Yd 3Iou 10
[qETIEA B WOIAJ UTOTINGIIIUOD IUBDTITUSBLS OU SBA 212Ul
HOPNTIUT SBM DTQEIIBA STUY WouM *(g/y"y @T4®1) yaeap

rpsad 2yl 103 ATaernoraxed “I0IBDTPUT ST 3Jueziodul

1o AX103STH *UOTIBWIOIUT 91qeTTeA® ATSUTINOI JO SISEQ

5q ueo L1rTealom eyl % Ioadeyd TWI UMOUS udeq SBY IL

TOTIEWMIOIUT TEDTUITD JO 29UedIITudIs orasouBoxd 1/

Nid DILSONDOHAJ Il NCISSNJSId £




Table 7.2/1
Coefficients {(b) and Z-v
is entered into a linear

death, which already inc

alues of ventricular arrhythmia variables when each

discriminant function for the prediction of cardiac

ludes the variables age and sex.

b z OR
Uniform PVCs 475 1.49 1.6
Uniform PVCs (non-sporadic) .934 3.93 2.5
Multiform PVCs .838 3.44 2.3
Multiform PVCs (non-sporadic) 1.556 4.99 4.7
Doublets 1.164 4.65 3.2
Doublets (non~sporadic) 2.496 5.10 12.1
Bigeminy .899 3.11 2.5
Runs 1.517 4.62 4.6
D2VT 1.685 5.28 5.4
OR = odds ratio

and sex, the presence of
of ecardiac death (table

univariate analysis (5.0

of uniform PVCs in cases
higher ages and higher pé¢
The presence of non-sporz
prediction when included
the table shows that non-

was always of greater pra
showing that this distinc

When several ventricular

7

uniform FVCs did not comtribute to the prediction
-2/1) in spite of the high odds ratio at

table 4.3/5). Clearly, the higher prevalence
compared to that in controls was caused by the
rcentage of males among the cases.

dic uniform PVCs did make a contribution to

in a similar equation (table 7.2/1). In fact,
sporadic occurrence of a ventricular arrhythmia
gnostic significance than occcurrence as such,
tion is meaningful.

arrhythmias are included in opne mulrivariate

equation, the coefficients of some variables become smaller than the

values given in table 7.2

between the occurrence of

/1. This is due to the strong association

these arrhythmias, by which presence of the

one often implies the presence of the other as well. Therefore, knowledge

of the presence of one ar
causing knowledge of the
become unnecessary.

In the present study, inc

rhythmia may be sufficient for prediction

presence of another associated arrhythmiz to

lusion of non=~sporadic multiform PVCs, non—
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Table 7.2/2
Summary of published rep

orts on the prognostic significance

arrhythmias in post-MI patients.

multivariate
reference nr. patients number of endpoints analysis
Roberman, 1981,1977 1739 349 cardiac deaths yes

149 sudden mmmner

Davig, 1979 940 115 cardiac deaths ves
Luria, 1976 143 27 cardiac deaths ves
Rehnqvist, 1978 160 22 deathsé&reinfarctions ves
Mess, 1977 272 18 cardiac deaths ne
Moss, 1974 100 17 cardiac deaths yes
Bigger, 1978 1G0 15 cardiac deaths bi~&tri-variate
Kotler, 1973 160 14 sudden deaths® bivariste
Vismara, 1975 64 12 sudden mmmﬂrmw no
DeBusk, 1980 90 11 deathsé&reinfarctions yves
Schulze, 1977 81 8 sudden mmmﬁ:mm bivariate
DeSoyza, 1978 56 8 cardiac deaths no
1 2 3

within minutes

within 1 hour within 6 hours

the prognostic significa
variables. An essential
multivariate analysis is
of patients reaching the
Gail et al, 1976).

Only two follow-up studi

nce of PVCs is independent of other clinical
condition for the realisation of a satisfactory
, that it should be based on a sufficient number

endpoint (a cardiac event or cardiac death,

es of post-MI patients have been reported which

were based on a large number of cardiac deaths (table 7.2/2). Davis et

al (1979) concluded that
6~hour ECG-recording was
occurrence of left ventr
infarct location and of

previous MI. Unfortunate
considered in addition t
(1977, 1981) reported th

tachycardia, pairs, mult

the presence of any PVCs on a pre-discharge

of prognostic significance independent of the
icular dysfunction in the coronary care unit, of
the presence of multiple rather than a single
ly, the number of clinical characteristics

> ECG-findings is rather small. Ruberman et zl
1t presence of complex PVCs {R-on-~T, ventricular

iform PVCs, bigeminy) detected im a l-hour
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Moss (1980) reported pre
uniform PVCs and multifc

repetitive PV(Cs are assg

7.2.3 results from the p

Prevalence of mﬁﬁﬁwndawﬁ

sample was high when co
{table 6.4/3). This is c
result of which post-MI

mp

liminary results to suggest that early cycle
ro PVCs but not frequent PVCs, bigeminy or

ciated with increased mortality.

resent study for post-MI patients

& in the post-MI patients in the present study

ared with prevalences reperted in the literature

aused by a mechanism of patient selection as a

patients in the present study were more often

patients with symptoms (see 6.2.1). Because of this mechanism it is

understandable that pat

en

1E

ts with a previous MI were more likely to have

arrhythmias than were the patients in studies where all unselected

patients with acute MI u

nderwent ECG-recording pre-discharge. This

results in smaller differences in the prevalence of arrhythmias between

cases and controls (tabl

e 4.3/6). Consequently, more statistical power

is needed to detect these differences, which in fact determine the

strength of the associat

The present analysis of
and 85 survivors. Thus,
implies a decrease of st
where the corresponding
The above points explain
emerge from multivariate
variable (except digital

contribution to predicti

7.3 Prognostic significa:

7.3.1 supraventricular aj
In the past decade, all
between ventricular arrhy
the prognostic significan
recording have been publi
(1981). 0Odds ratios in ta
significance for PSVQs an

variate analysis, where o

ion between arrhythmias and mortality.

post-ML patients was based on 81 cardiac deaths
the ratio of controls to cases is 1 and this
atistical power compared to the overall analysis
ratio equals 433/123=3.5 (Gail et al, 1975).

the poor results for pest-MI patients which
analysis (tables 4.4/5-8) with no single

.s use) giving a statistically significant

TL.

1ice of non-ventricular arrhythmias

rhythmias

ttention has been focused on the relationship
thmias and sudden death. Few reports concerning
ce of PSVCs as detected by ambulatory ECG-
shed, as is also observed by Barrett et al

bles 4.3/5-7 do rot suggest a prognostic

d this impression was confirmed in the multi-

o contribution to prediction could be proved

for PSVCs. This is consistent with the findings of Hinkle et al (1969).
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MI, the occurrence of AV
death up to two years af
al, 1979; Forsberg et al
as demonstrated in the
follow—up studies demons
degree AV-block occurrin
reported. Barrett et al
degree AV-block does not
individuals but may slig

tation of CHD.

In persons who had left

-block is associated with an increased risk of
ter the event (Thygesen et al, 1977; Madsen et
» 1979). Therefore its prognostic significance,
resent study, is not surprising. However,
trating a prognostic significance of first

g in the absence of acute MI have not been
(1981) conclude that the presence of first
increase risk of death in clinically nermal

htly increase the risk of a subsequent manifes-

IVCD on the 12-lead ECG, excess mortality,

independent of other rigk indicators, has been observed earlier (Coronary

Drug Project, 1972; Schn
et al (1969) observed an
ambulatory 6-hour ECG re
which confirm the presen

significance of intermit

7.3.3 other arrhythmias
Ventricular arrests occd
in controls. However, at
ventricular arrests to p
fibrillation was included in the equation due to a positive association
between these two arrhyt
Differences in prevalenc
controls were more marke
those without {tables 4.
In the multivariate anal
presence of escapes (eit
nodal rhythm, was a more powerful predictor of mortality than either
escapes or nodal rhythm

eider et al, 1979; Rabkin et zl, 1980). Hinkle
association of IVCD with mortality using
cordings. There are, however, no studies

t study's demonstration of the prognostic

tent IVCD independent of other risk indicators.

rred considerably more frequently in cases than
multivariate analysis the contribution of

rediction disappeared when comtinuous atrial

hmias.

e of escapes or nodal rhythm between cases and
d for patients with a history of MI than for
3/6,7).

ysis, the composite variable ESCNR, indicating

her ventricular or supraventricular) and/or

separately. It was decided to group nodal

escapes ventricular escapes and nodal rhythm together, because all these

!

arrhythmias occur as a nwnmmmcmﬁnm of abnormalities of impulse conduction

or excessively slow imp
in which a prognostic si

reported.

se formation. We are not aware of any publication

gnificance for escapes or nodal rhythm has been
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Table 7.4/2
Determination of P(D|X)

to the
nearest 57 from the sum-score ss.

Both these figures are greater than

the corresponding mortality rates in

the sample which were 4% and 2.5%

S5 (%) 58 R(0|2) respectively.
B 0 0 30 The ECG-analysis for this patient
—2.94 3 -20 35 revealed the frequent occurrence of
-2.20 10 41 50 multiform PVCs and doublets, as well
~1.73 15 -62 65 as occasional runs of ventricular
~1.39 20 -83 70 tachycardia. In addition, non-spora-
-1.10 25 1.10 73 dic PSVCs were detected and sporadic
- -85 30 1.39 80 supraventricular tachycardia.
- .62 35 1.73 85 With these ECG-findings, P(D]X) can
= 41 40 2.2d 90 be estimated using equation & (table
- -2 45 2.94 95 4.4/4). Table 7.4/3 shows the

0 50 + 100

Exact values of P(D|X) can be

obtained using the formu

P(D|X)=eZ2(1+e>>),

calculations, omitting all coeffi-

1a: cients which are to be multiplied

by zero. The presence of multiform

PVCs and PSVCs in the recording is distegarded as these variables do not

appear in the equation.
dia is disregarded as on
included in the equation

cular tachycardia does ¢

Similarly, the sporadic supraventricular tachycar-
1y non-sporadic supraventricular tachycardia is
. The presence of non-sporadic doublets and wventri-

ontribute to the prediction, however.

The result shows an increase of P(D|X) for overall mortality compared to

the outcome of equation
The latter may seem to ¢
ventricular ectopic acti
patient would seem to in
decrease it. Less weight
in equation 2 while more
lar arrhythmias (table 4
increased risk of (eardi
and the latter predictio
the prediction which was
equation 2).

One month after the reco

ventricular fibrillation

2 but a decrease for cardiac mortality.

ontradict common sense as the presence of

vity in addition to the other features of the
crease the risk of cardiac death rather than to
is given to these features in equation 4 than
weight is given to the presence of non-ventricu—
4f/4). However, the patient remzins at an

ac) death after the recording of the 24-hour ECG
1 (based on equation 4) is more accurate than

made before the recording (based on

rding of the 24-hour ECG, the patient had
and died in the hospital 12 days later.
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36

Figure 7.4/1

Venn diagrams showing the number of patients with non-sporadic doublets
and/or VI {lower circle)

» with non-sporadic SVT or continuous atrial
fibrillation (upper right), with intermittent IVCD, continuocus 1°AV-block
or escapes. (upper left) and the overlap between these categories.
above: patients without previous MI; below: patients with previous MI.

16
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(1.1

(1.2}

(1.3)

(1.4)

(2.2)

(2.3)

8 SUMMAR

8.1 Introduction

After the introdu
various methods £
developed.

Ambulatory 24-hou
of arrhythmias in
under psychologic
asleep, in patien
patients with car
Cardiolab is a se:
distributes equipn
ECGs and analyses
internists througk
and use their own
24=hour ECG~record
The present study
information can he
in the context of
It was concerned w
was analyzed by th
Through the constr
identify ECG-findi

Y AND CONCLUSIONS

(chapter 1)

rtion of the string-galvanometer by Einthoven,

r the continuous recording of the ECG were

r ECG-recording has been used for the detectiom
clinically normal individuals, in subjects

11 or physiological stress, in subjects who were
s on anti-arrhythmic drug therapy and in

iac disorders.

vice laboratory located in Rotterdam which

pent for the recording of ambulatory 24-hour
the recordings centrally. Cardiologists and

out The Netherlands make use of this service
criteria to decide whether or not ambulateory
ing is indicated.

was designed to investigate whether prognostic
derived from a 24-hour ECG which is recorded
usual medical care.

ith a sample of patients for whom a 24-hour ECG

e Cardiolab service.

ngs which would indicate risk of (cardiac) death,

given that routinely available clinical information had been

taken into accounti The resulting prognostic equations permit

estimation of the

§.2 Methods (chapt

Ambulatory 24-hour
recorders {(Oxford

in semi~quantitati

various arrhythmias

Limited informatio

risk of (cardiac) death.

er 2)

ECGs were recorded by means of Medilog tape~
[nstruments). The analysis of the tape results
ve information as to the frequency with which

occur.

t (name, address, date of birth and sex) of
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uction of prognostic equations, it was attempted to
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(3.3)

(3.4)

(3.5)

The propertions of cases and controls with a particular charac-
teristic were tabylated for each available variable. Cases with a
cardiac cause of death were considered separately and crude odds
ratios were estimdted. Notched boxplots were used to compare the
age-distributions of cases and controls with or without a history
of MIL.
Multivariate analysis permits correction of the association of

one variable with mortality for confounding by a number of other
variables. At the sazme time, the risk of death of patients with a
combination of characteristics can be easily estimated. Variables
were selected foriinclusion into a multivariate prognostic equation
for the prediction of mortality by means of linear discriminant
analysis. The coefificients in the resulting equation were re-—
estimated using maximum likelihood. Thus, four multiple logistic

regression equatigns were constructed on the following wvariables:

equation 1 : age, sex

equation 2 : age, sex, clinical information except ECG-findings
equation 3 : age, sex, ECG-findings

equation 4 : age, sex, clinjcal information, ECG-findings

Age and sex were dlways entered into any multivariate equation
first and other variables were then included if they contributed
significantly to the prediction. The ratio of a coefficient to
its standard error was used as a rest-statistic.

For patients with [different characteristics, the risk of death

within 18 months of 24~hour ECG-recording can be estimated from

the multiple logistic regression equation by computing the sum-

score and applying a simple transformation. However, the conmstant

in the equation needs to be corrected.

The estimated vnoﬁ bility of death can be used to predict death

or survival for each patient. Sensitivity and specificity of this
prediction can rhen be assessed as the actual outcome of follow-up
is known for each patient. Receiver Operation Characteristic (ROC)
curves represent the sensitivity and specificity of different
predictions based pm different cut—off values of the estimated
probability of death. The ROC curves have been used to compare

the performance of) the four equations constructed.
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(5.1)

(5.2)

(5.3)

atrial fibrillatio
mittent intra-vent
beats.

When ECG-findings

clinical informati
sensitivity. ALl t

equation 4 except

To the prediction
contributed except
moertality and sinu
which were negativ
this prediction wa
When patients with
separately, all th
sign in both group
the characteristic
prediction. In pat

only true for use

8.5 Discussion I (

It is shown that ¢
all patients in th
based on cases and
numbey of distinct
of controls over ]
Under-reporting of
have caused the as
palpitations. Undes:
have caused the as:
diuretics. It is al
technicians who ans
with mortality of
variate equations.
The reliability of
of arrhythmias in t

possible alternatiy

1, continuous first degree AV-block, inter-

ricular conduction defect (IVCD) and escape

were considered in addition to age, sex and
on {(equation %), specificity was 72% at 90%
he variables mentioned zbove were included in

1se of diuretics and non-sporadic multiform PVCs

of overall mortality, the same variables

IVCD which was not associated with overall

s bradycardia aznd the indication palpitations,
21y associated with overall mortality. However,
5 less accurate than that of cardiac mortality.
and without a history of MI were considered

> variables included in equation 4 had the same
5. In patients without a history of MI, most of
s included in equation 4 contributed to the
ients with a history of MI, however, this was

of digitalis.

rhapter 5)

e statistical power of am analysis based on

> sample is not wuch greater than of an analysis
contrels only. It is argued that there are a
advantages assoclated with the random sampling
1e selection of matched comtrols.

symptoms by the referring physician cannot
oclation with mortality of the indication
-reporting of use of medication is unlikely to
ociation with mortality of digitalis and

s0 unlikely that bias on the part of the
11ysed the 24~hour ECG caused the associations

ny of the arrhythmias included in the multi~
the procedure used to estimate the prevalence

he sample is demonstrated. Limitations and

es are discussed.
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(6.4)

(7.1

(7.2)

(7.3)

females, as well

higher in patients with a history of MI than

in patients without a history of MI. This is consistent with

findings reported

in the literature.

Prevalence of premature supraventricular complexes (PSVCs) and of

supraventricular %mn?%amﬁmww

associated with the presence

ment with results
in females than in
in patients who us
Only two publicati
are concerned with
the present study.

rather than 24-hou

increased with age and was not

of a previous MI. This is in agree-
from other studies. PSVCs occurred more often
mzles. Sinus bradycardia occurred more often
ed digitalis than in patients who did not.

ons reporting on the prevalence of arrhythmias
sanples comparable to the sample considered in
0f these two studies, one was based on 10-hour

r recordings while the other concerned only 54

patients. The estimated prevalence of ventricular arrhythmias in

patients with the
figures for post-M

sample presumably

8.7 Discussion IIT

The interval betwe
did not contribute
MI as such had alr
the present study
digitalis use to ¥
heart failure.

An arrhythmia whic

mortality need not

indication MI has been compared with published
L patients. Prevalence is higher in the present

due to the different selection of patients.

(chapter 7)

en most recent previous MI and the 24-hour ECG

to prediction when the presence of a previous

eady been accounted for. It was not possible in
to consider the independent contribution of

isk conditional on the presence of congestive

h at univariate analysis is associated with

be included in a multivariate equation for the

prediction of mortality due to confounding dy age, sex or another

clinical variable

or due to associations with other arrhythmiazs.

A number of studies concerned with the prognostic significance of

ventricular arrhyt

The present result

hmias in post-MI patients have been reviewed.

s for post-MI patients do not agree with the

results reported earlier due to a different mechanism of patient

selection and a la

analysis was resti

ck of statistical power when the present

cted to post-M] patients only.

The various non-ventricular arrhythmias for which a prognostic
i

significance has been demonstrated in the present study can be
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non-ventricular arrhythm

and that this prognostic

ias are alsc of prognostic significance

significance is not limited to patients

with a history of MI. Patients in the present sample without a

history of MI were often
To delineate the prognos
patients with different
cohorts of patients with

associarion of arrhythmi

patients with some other cardiac disorder.

tic significance of arrhythmias in

disorders, it will be necessary to follow

specific disorders and estimate the

as with mortality in such cohorts,

Attention should be given to non-ventricular as well as to

ventricular arrhythmias.

Automated procedures of arrhythmia

detection should therefore be extended so that all kinds of

arrhythmias can be detec

rhythmias as is often th

To gain insight into the
quantitative information
ECGs by hand should be c
resulting from a compute
considered whether the 2

is based on quantitative

The usefulness of the ap
management of individual
The prognostic equations

study can be used as the

ted rather than only ventricular ar-

e Case now.

quality of the present data, the semi-

resulting from the analysis of 24-hour

ompared to the quantitative information
r-assisted analysis. It should also be

ceuracy of prediction is improved if it

rather than semi-quantitative information.

plication of prognostic equations in the

patients should be investigated further.
which have resulted from the present

basis of a non-experimental study on the

efficacy of anti-arrhythpic therapy.
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stichting cardio

Postbus 23220
3001 KE Romerdam
Telefoon (010) 366988

Naam H
Adres H
Woonpl.
Telefoon
Geb. dat :
Geslacht :
Huisarts
Part./zkfs.:
Naam verz./ zkfs.:
Nummer

m/v

AANVRAAGFORMULIER

Naam verwijzend arts:

Adres

Telef. nr.:

Rekening aan: arts/ patient/zigkenfonds / ander™

Verwijskaart: ja/neen”

INDICATIE: Recent Myoc. inf O Palpitaties a Eval. Therapie O
Qud Myoc. Inf o Duizeligheid O Eval. Ritme Strn i
Cor. lijden a0 Syncope O Eval. Pacemaker ]
Andere a z0 ja welke

MEDICATIE: Digitalis O Anti coag ] Diuretica [m]
B. Blocker O Cor. dilat. | Kalium suppl. |
Anti Arrh. [ Anti Hypert [} Cholest. verl. ]
Andere o] zo ja welke

Telefonisch antwoord gewenst? ja/neen

Tape registratie:van datum:
tot datum:

Nummer bandje: Verzonden d.d.

Nummer recorder:

Teststrip bijgevoegd? ja/negn” Dagboek patient? ja/neen*

OPMERKINGEN:

kople zelf houden,

“doorhalen wat nigt van toepassing is |
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SAMENVATTING

De stichting Cardiolab di
registratie van ambulant
analyse van deze ECGs. R
cardicloog of internist,
infarct (MI) in de anamne
Om te onderzoeken of er f
gehecht, werd een steekp:
tenminste 18 maanden na ¢
patienten (4%) - de ‘eas
"Controls' werden gevond
de patienten die niet ove
Voor cases en controls w
Cardiolab en d.m.v. een ¢
Deze informatie betrof de
de ECG-registratie alsmed
betreffende de aldus gede
associaties te bestuderern
het verzamelen van inform
onnodig.
Prevalentie van aritmiegn
worden geschat.
Een multivariate logistis
cardiale mortaliteit te v
1. leeftijd, geslach
2. leeftijd,
3. leeftijd,
4. leeftijd,

geslach

Klinische informatie die

wmmHman

i stribueert in heel Nederland apparatuur voor de
> 24-yurs ECGs en drazgt zorg voor de centrale
gistratie vindt plaats op indicatie van een
b.v. symptomen, evaluatie therapie, myocard

2 se,

rognostische betekenis aan deze ECGs kan worden
;oef van 5095 patienten vervolgd gedurende

e ECG-registratie. In die periode overleden 213

m-

- waarvan 123 deoor een cardiale oorzaak.

n door een aselecte sub-steekproef te nemen uit
rleden waren in die periode.

rd informatie verzameld uit het archief wvan
nquéte bij de verwijzend specialist of huisarts.
anammese voor en de behandeling ten tijde van
e de resultaten van de ECG-analyse. Informatie
fini8erde cases en controls was voldoende om
tussen ECG-bevindingen en mortaliteit en maakte

latie over alle 5095 patienten in de steekproef
in de steekproef kon eveneens uit deze informatie

che regressievergelijking werd opgesteld om de
oorspellen op basis wvan:

t
t, klinische informatie m.u.v. ECG-bevindingen

» ECG-bevindingen

mmmHmnwwu klinische informatie, ECG-bevindingen

significant bijdroeg aan de voorspelling

(vergelijking 2) was aanwezigheid van MI in de anamnese en het gebruik

van digitalis en/of diure
aan de veoorspelling (verg
sporadische mulriforme PV
niet-sporadische supraven

continu eerste graads AV-

tica. Ook ECG-bevindingen dreoegen significant bij
elijking 3) n.l. de aanwezigheid van: niet ]

Cs, doubletten en/of ventriculaire tachycardie,
Ericulaire tachycardie, continu atrium~fibrilleren,

blok, intermitterende intra-ventriculaire

=150~
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