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INTRODUCTION

Unstable angina encompasses a wide range of clinical presentations of myocardial
ischemia, usually caused by sudden deteriorations of coronary lesions. Sometimes,
extracardiac conditions disturbing the oxygen balance, such as severe anaemiz, fever or
thyrotoxicosis, may cause myocardial ischemia. In this thesis unstable angina is referred
to as myocardial ischemia due to obstructive atherosclerctic coronary artery disease. In
the literatere and in clinical practice a variety of definitions is used to describe this
particular clinical situation. These definitions are characterised by the description of
chest pain, the clinical circumstances under which unstable angina occurs, the presence
or absence of concomitant ECG changes during pain, and the intensity of weatment
before pain occurs 2. Patients with anginal symptoms of unstable character, and no
signs of acute myocardial infarction, are admitted with an initie! diagnosis of unstable
angina pectoris. An observation period is necessary 1o come to a definite final diagnosis,
as myocardial infarction may have already occurred in a2 number of such patents, but
can not be recognised until an increase in cardiac enzyme concentrations can be detected
in the circulation ®. Thus in addition to the characteristics of clinical signs and symptoms
also the time of definition is of importance to characterise the patient population.
Treatment of unstable angina is directed to relief of acute symptoms and to prevent
progression to myocardial infarction or death. Various drugs are available, acting upon
different underlying pathophysiologic mechanisms, and thereupon bypass surgery and
angioplasty may be used to improve the coronary blood supply.

In the present study the application of these treatment options in the management
of patients hospitalized for suspected unstable angina is described. Furthermore it was
assessed how physicians in different hospital settings apply each of the zlternative
management sirategies in their practice. Finally, the prognosis under the cumrent
management strategy is described.

Chapter 1 is a literature review of the various aspects of the syndrome unstzble
angina. The diversity of definitions is described and the underlying pathophysiology
related to these definitions. An overview of anti-anginal drugs is provided. Prognostic
studies are summarised with identified risk factors for development of myocardial
infarction or death, and the effect of different treatment strategies upen prognosis i
delineated.

A prospective study was performed in order to establish how physicians approach
the syndrome unstable angina. In two hospitals in Rotterdam 417 patients with suspected
unstable angina at hospital admission, were followed during hospital stay and during the
subsequent six months. In chapter 2 the patient population of this study is described in
terms of clinical characteristics of the initial presentation at admission, and the final
diagnosis after observation. The treatment given 1o these patients i1s documented in terms

INTRODUCTION 9



of medical weatment and the rate of angiography procedures initiated to decide on
subsequent coronary intervendons. In addition, the occurrence of myocardial infarcton
and death is reported, with special interest to those events cccurring during a waiting
period between 2 decision 1o perform angiography and coronary imterventons and the
actual performance of these procedures (see figures 2.1 and 2.2.), Chapier 3 gives an
overview of the events occumring within six months in patients with a final diagnosis of
anstable anging and the number of interventions after discharge. Events during follow-up
in patients with a final diagnosis of myoccardial infarction and other causes of chest pain
are described separately.

A comparison of management strategies in each of the two hospitals is made in
chapter 4. As both hospitals differ with respect 1o availability of angiography facilites,
special attention is given to the difference in use of angiography with a view to
subseguent interventions. Multivariate analyses are performed in order to describe which
factors can explain the observed difference in angiography rate between the two
hospitals. Chapters 5 and 6 focus on understanding the management policies of
individual cardioclogists. Cardiologisis were interviewed to reveal their opinion on the
definition of unstable angina and the indications for several further treatment options
(chapter 5). In addition, individual judgments were examined using paper case vigneites
in a so-called ’policy anmalysis’ (chapter 6). Chapter 7 provides an example of an
intervention stady which was directed to improve the safety of angioplasty procedures
In patients with unstable angina. In chapter 8 a general discussion of the findings and
a comparison with other long term follow-up studies is provided, followed by some
recommendations for future research.
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Introduction

Current understanding and recent literature con unstable angina are reviewed in this
chapter, After a description of the various definitions of the syndrome "unstable angina’
an overview of the pathophysiclogic mechanisms leading 10 unsteble angina is provided.
The "natural history’ of patients with unstable angina and their prognosis is described
by summarizing several older studies. Results of more recent studies illustrate how this
prognosis has been altered by modern wreatment, including intravenous medication and,
in selected patients, angioplasty an bypass surgery.

I. Definition

Angina pectoris is often described as: "chest discomfort caused by myocardial ischemia
in the absence of infarction"'. Angina pectoris is commonly provoked by effort and is
said to be stable when there has been no change in the frequency, duration or
precipitating factors during a longer period of time. All other presentations of angina
pectoris are subsumed under the heading unstable angina’. In this way unstable angina
1s defined as an ischemic syndrome intermediate between stable angina pectoris and
myocardial infarction. Within this wide spectrum several categories can be distinguished,
based on clinical presentation and on prognosis. Conti described three modes of
presentation®: 1. recent omset angina pectoris, 2. changing pattern (progression of
frequency or duration) of preexisting stable angina pectoris, and 3. angina at rest. Within
these clinical presentations several subgroups can be distinguished, based on the clinical
circumstances in which the unstable period develops. Pain at rest can be the first
presentation or angina, or it can develop in patients with chronic stable angina®. Also,
pain which develops during recovery from a myocardial infarction (24 hours to 4 weeks
after the infarct) is usually described separately as post infarction angina pectoris’.
Braunwald® speaks of subacute angina when the most recent pain episode occurred more
than 48 hours ago, whereas the situation in which the most recent episcede occurred
within 48 hours is called acute angina.

In various studies the definition "unstable angina’ is based on typical symptoms
with concomitant ST-T changes on the ECG as objective evidence of ischemia’. The
Iabel ’intermediate coronary syndrome’ is applied to the sitmation in which pain at rest
of longer duration (= 15 min) occurs with concomitant ST-segment or T-wave changes®.
Furthermore a subcategory is distinguished as *variant angina’, used to describe angina
at rest accompanied by ST-elevatons on the ECG in patients with normal exercise
tolerance®. The severity of the condition depends on the level of maintenance
pharmacologic treatmnent at the time of the development of vnstable angina. Persisting
pain episodes despite extensive antianginal therapy is called 'refractory” angina®.
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It is clear that the term unstable angina’ is insufficient to delineate the exact
simation of a patient. Important aspects of the clinmical description of unstable angina
are: the clinical circumstances in which unstable angina occurs, the severity of the
clinical manifestations, the presence of ransient ECG changes during pain and the level
of medication at the onset of ischemia®. Therefore, it is necessary to describe the clinical
situation of patients with ’unstable angina’ in more detail such as, for example, "post
infarction angina’, "unstable angina of recent onset, pain at rest’, *progressive unstable
angina occurring at minimal exertion’ or "unstable angina at rest with concomitant ST-
depression despite treatment with 8-blockers and intravenous nitrates’.

II. Pathophysioclogy

Presentations of acute ischemic cardiac diseases include unstable angina pectoris,
myocardial infarction and sudden death. These manifestations are usually expressions
of a similar dynamic pathophysiologic process in the coronary arteries impeding
myocardial oxygen supply (primary unstable angina)™'%, Myocardial ischemia may also
be precipitated by non-coronary causes such as severe anaemia, hypotension or
tachyarrhythmia: secondary (unstable) angina®. This review focusses on the primary
forms of unstable angina, based on coronary arery disease.

In patients with atherosclerosis, progression of an atherosclerotic plaque may lead
to obstruction of the coronary lumen. Severe stenoses may result in inadequate coronary
blood fiow to the myocardium during periods of increased oxygen demand. This
situation with a limited coronary flow reserve’ corresponds with stzble angina or effort.
In contrast, unstable angina pectoris is caused by a sudden increase of the degree of
obstruction in the coronary artery, followed by a (ransient) reduction of coronary flow,
unstable angina is not- directly related to an increased oxygen demand", although
ischemic episodes may occur 5-30 minutes after a temporary increase of heart rate or
blood pressure'®. The conversion of a clinically stable situation into an unstable episode
is initiated by tupture or ulceration of an atherosclerctic plaque, often in combination
with increased vasomotor tone (or even spasm) and platelet aggregatior’. Such sudden
progression of the corenary obstruction may progress to total thrombotic occlusion and
myocardial infarction”. Alternatively, the increase of obstruction can be of temporary
character without myocardial necrosis (unstable angina)®**. The plague rupture can
recover after some time resulting in a new, stable simation'. The thrombus may
disappear by internal thrombolysis and fragmentation, but often thrombus material is
incorporated in the plague. In the new stable simation the plagque will then be more
severe than before the unstable period, which may manifest as stable angina at a lower
threshold. By means of serial angiography progression of coronary obstruction was
observed in 28/38 patients with unstable angina, whereas this was seen in only 12/38
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patients with stable angina pectoris'®. Similarly, 2 pathologic study of 25 patients who
died suddenly after an episode of unstable angina, revealed intraluminal thrombus in all
patients, while a layered structure of the thrombus was observed in 81% of these
patents. In most cases the underlying plague showed rupture of the plague surface and
haemorrhage in the plaque. In 73% of the patients small thrombus fragments and
microinfarcts were found in the myocardium distal to the coronary thrombil®.

Angiographically, the severity of coronary atherosclerosis appears to be similar
in patients with stable and unstable angina'"'%. However, the morphology of the stenosis
differs. Ambrose’ reported eccentric stenoses with convex intraluminal obstruction and
narrew neck due 10 one or more overhanging edges or irregular scalloped borders in
71% of patients with unstable angina versus 16% of patients with stable angina pectoris.
In post mortem studies this morphology appeared to be associated with muptured
atherosclerotic plaques, intraintimal haemorrhage and thrombus formation'. Rehr” and
Cowley* described complex lesions, corresponding with the presence of intima rupture
and thrombus formation, on the angiograms in 70% and 84% of patients with unstable
angina and in only 21% and 15% of patients with stable angina.

Using coronary angioscopy the lesions of patients with stzble and unstable angina
could be observed directly during angiographic procedures and during bypass surgery.
In patients with stable angina pectoris the plague surface was smooth and intact. In
patients with progressive angina on effort the plague surface was irregularly ragged, and
showed intramural haemorrhage, while in patients with angina at rest thrombus was
observed distal to the stenosis®™>™.

These findings support the concept that conversion from stable- to umstabie
angina is inidated by plaque rupture or endothelial ulceration. Rupture of the plague
surface probably is a random event in the evolution and growth of an atherosclerotic
plague. The bending and twisting of the arteries which occur during every heart beat,
haemodynamic swress such as pulsadle flow and variations in blood pressure, or changes
in the vascular tone may be sufficient to disrupt the very thin cap of fibrous tissue.
Direct contact of the Iipids in the plaque and blood inidates plateler aggregation.
Furthermore, a ruptured plaque surface allows platelets and red bloed cells to enter into
the plaque resulting in rapid plaque expansion. Further narrowing of the lumen may be
caused by stimulaton of the vascular smooth muscie (spasm) via break-down products
of exiravasated platelets and by progression of platelet aggregation and thrombus
formation. This may progress to iotal occlusion and cawse myocardial infarction.
Thrombus fragmentation and embolization may result in distal microinfarcts causing
cardiomyopathy or (fatal) venticular archythmias. The extent and severity of the
preexisting stenosis, the duration and completeness of the coronary obstruction and of
the presence of collateral vessels determine the subsequent clinical presentation™.
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III. Diagnosis of acute coronary syndromes

When a patient presents with symptoms compatible with acute coronary insufficiency,
the patient’s history, physical examination and an ECG are immediately available 0
make a diagnosis. During the first hours a differentiation between myocardial infarction
and unstable angina can often not be made based on the clinical characteristics. Thus,
an initial diagnosis will be made at the Sme of admission. After observation and new
information is obtained this initial diagnosis will be confirmed or revised and a final
(discharge) diagnosis is made.

The most important informaton for the initial diagnosis at admission is a careful
assessment of the patient’s history. The major atiributes of the history are the character
and Iocation of the pain, the mode of onset and the course of symptoms as well as the
reaction to medical therapy (sublingual nitrates)™. A history of coronary artery disease
and the presence of misk factors (hyperiension, smoking, hypercholesterolemia and a
positive family history) may influence the interpretation of the presenting symptoms®®,
Unfortunately a patient with acute coronary disease will often present with symptoms
that do not meet the criteria for typical angina pectoris. On the other band, symptoms
suggestive for myocardial ischemia are sometimes caused by non-cardiac disease, such
as gastrointestinal problems, gall bladder disease or pulmonary embolism?™,

Physical examination is of little help for the diagnosis ’unstable angina’. A
patient with angina pectoris usually exhibits no abnormalities on physical examination,
although a third heart sound or a murmaur of mitral incompetence may be present during
ischemia®. Signs of impaired left venmicular funcdon (heart failure) or vegetative
symptoms, such as severe perspiration are often associated with myocardial
infarction™.

Electrocardiographic information is of great value for the diagnosis, especially
when serial elecrocardiograms are recorded during and after pain. At admission often
only an ECG without pain can be obtained. The value of such resting elecirocardiogram
is limited, because it is often normal or it shows abnormalities that give little
information about the actual situation, such as abnormal Q-waves, Intraventicular
conduction disturbances or left venwicular hypertrophy, all of which may be
accompanied by secondary ST-T abnormalities. Transient ECG changes during pain,
particularly depression or elevation of the ST-segment or T-wave inversion indicate
myocardial ischemia, whereas the absence of ECG changes during pain makes an
ischemic cause less Iikely, but does not exclude ischemia’.

‘When a patient is admitted with severe, typical chest pain of long duration (>30
minutes) with concomitant ST-elevation on the electrocardiogram, the “admission’ or
"initial” diagnosis is myocardial infarction. In a small percentage of these patents (2-
3%) the diagnosis ‘infarction’ is not confirmed by serial enzyme assays™ and in
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retrospect the final diagnosis "unstable angina’ will be made and geatment will be
continued accordingly. For patients with symptoms, suspected of unstable angina
without signs of acute infarction (pain of shorter duration, without vegerative symptoms
and without persising ECG changes) a clinical observation period is warranted to make
a definite diagnosis. In about 10% of such patients myocardial infarction may be present
although it can not be recognised with certainty at that moment™. In another 30% the
symptoms appear in retrospect due to non-cardiac or non-specific causes’’. These
findings were confirmed in a prospective regisiry in two hospitals in Rotterdam, which
is described in this thesis {chapter 2).

During a peried of 7 months in 1688/89, 417 patients were admiued to the
Thoraxcenter of the University Hospital Dijkzigt or to the Sint Franciscus Gasthuis for
observation because of chest pain suspected of acute ischemia, "unstable angina’,

L OCBSERVATION | INTERVENTION i
| I ; I i
admission final dlagnosis decision after observation  decision after angiography discharge
DISCHARG
/ﬁ‘?‘“ 144
Ve
UAP
270 e
- N
&
\38 12
AN

109\";‘

QOTHER

T deceased patients

Figure L.1. In-hospital course for 417 patients, admitted for chest pain suspected of unstable
angina pectoris. A definitive diagnosis was mede after an observation period of 24-48 hours.
For patienrs with definitive unstable angina the subsequent course and management strategy
is shown. Six parients died in hospital {f), 1 after infarction, 1 after infarction and post
infarcrion angina, 3 in relation 1o PTCA arnd 1 during medical trearment after angiography.
Myocardial infarction occurred in 15 patients, 8 during observation or while waiting for an
intervention and 7 during an interventior. (4 during CABG and 3 during PTCA).
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without signs of acute infarction or other diseases at the time of admission. In figure 1.1
the in-hospital course of these patients is depicted. After an observation period of 24 1o
48 hours serial electrocardiographic and enzymatic measures showed that myocardial
infarction had already occurred in 38 patients (9%). In 109 patdents (26%) the symptoms
were attributed 1o other or non-specific causes. In the other 270 patents (65%) the
initial diagnosis unstable angina was maintained. This diagnosis was supported by
objective ECG changes during observation or exercise tolerance tests or by a history of
corcnary disease in 256 patients (85%). The typical character of the pain was sufficient
for the diagnosis in the other 14 pademts. Furthermore, 12 out of 38 patients with
myocardial infarction at admission still developed unstable post infarction angina with
recurrence of pain 24 hours or more after the infarction.

Addidonal diagnostic tools, such as exercise tolerance tests, scintigraphy and
angiography are of importance for the assessment of prognosis and for the choice of
suizable therapy. In the Rouerdam registry an exercise tolerance test was performed in
about 50% of all patients, usually to confirm the suspicion of non-specific origin of the
pain or tc assess the need for intervendon. Evemiually, & decision to perform
angiography was made for 137 patients, and subsequent PTCA or CABG was performed
in 53 and 47 patents, respectively. More details are provided in chapter 2,

IV. Natural history / prognosis

When patients present with unstable angina, there 1S danger for progression 10 infarction
or sudden death. The pathophysiologic mechanisms underlying each of these three
expressions of coronary disease are in fact different stages of the same process'™”.
Prognostic studies on unstable angina vary depending on the definition used, the
duration of follow-up and treatment. These studies do not provide information on the
real natural history, because most patienmis received treatment, including nitrates,
B-blockers and calcium-antagonists. In the surgical studies™™ patients were included
only if there had been neither “medical failure’, nor main stem disease or impaired left-
ventricular function. As a consequence, the patients with the worst prognosis were
excluded.

While the studies vary with respect to definitions and inclusion criteria, it appears
that rnost infarctions in patents admitted for unstable angina pectoris occur in an early
stage. On average 9% of the patients develop myocargial infarction within the first six
months, most of which occur within the first month. After 1 year an average of 14% of
the patients has developed infarcion. Mortality figures increased during follow-up. The
mean perceniages vary from 2% after 1 month to 4%, 6% and 10% after 3 and 6
months and 1 year, respectively (figure 1.2).
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Mortality and morbidity in unstable angina
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Figure 1.2. Complications in unstable angina, derived from observational studies”** and randomised trials™**#. The results of placebo
g 73

controlled trials with platelet inhibitors are given for the placebo group™*!. The results of randomised studies of surgical versus medical therapy
are given for the medically treated patients”™*. The high moriality figures after 1 and 3 months and 1 year and the infarction rates after 1 and
3 months are from one, relatively small study from 1973°. The lowest [ year mortality was reported in the HINT study (G%) while in that study
a high infarct percentage at 1 year (17%) was found™.



A number of clinical, electrocardiographic and angiographic factors are related
to the prognosis. An increased infarction or mortality risk is found in patients with
frequent pain episodes and in patients with limiied respomse to medical therapy
(refractory angina)™, with progression of preexisting stable angina®*, with persistent
ST-T abnormalities or transient ECG changes during pain’ or with angiographically
extensive coronary lesions and impaired left ventricular function'’. Prognostic models
derived from the Rotterdam registry are presented in chapter 3.

Prognosis of patients with unstable angina is also determined by additional
interventions. The propordon of revascularisation procedures during follow-up varies
from 8 to 50%™7%45 The ’cross-over’ percentage of medical therapy to surgery in
randomised studies amounts to 8% in the acute phase, 19% after 1 year and 31-34%
after 2 years*>®. In the Rotterdam registry a revascularisation procedure was performed
in 100 out of 417 patients (24%), which corresponds to 35% of patients with a definite
diagnosis of "unstable angina’.

V. Medical therapy

Inital weatment of patents with unstable angina pectoris is directed to relieve pain and
ischemia in the acute phase and to establish 2 new stable simnation. Long term wreatment
is aimed to prevent recurrence of ischemic episodes and specifically to prevem
infarction or death.

Several drugs are inciuded in the management strategy with different working
mechanisms, representing the complex pathophysiology of unstable angina, consisung
of a combination of changes in the underlying atherosclerotic plaque, increased coronary
vasomotor tonus, (ransient) platelet aggregation and thrombosis™.

The classical management of (unstable) angina pectoris is directed to the
reduction of oxygen demand of the myocardium with nitrates and 8-blockers. Later
calcium-antagonists were added to inhibit increased coronary vasomotor tone. During
the recent years, since the role of platelet aggregation and thrombus formation in
unstable angina was established, treatment has been exiended with aspirin, heparin and
thrombolytic therapy.

Nitrates. Nimraies predominantly induce venous dilation, resulting in a reduction of the
‘preload’ of the heart and in a decrease of the myocardial oxygen demand. At higher
doses alse relaxation of the coronary arteries will occur, resulting in better myocardial
perfusion, as well as arterial dilaton, resultng in 2 reduction of the “afterload’. Such
peripheral vasodiladon may cause side effects, including reflex-tachycardia, flushes and
headache. Relaxation of smooth muscle tissue by nitrates appears 10 be based on a
similar mechanism as the so-called endothelium related relaxing factor (EDRF). EDRF
is nitric oxide (NO) which accomplishes muscle relaxation by conversion of GTP into
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Table 1.1. Summary of the efficacy of antianginal drugs in unstable angina pectoris.

Author n Description of the study Results { conclusion

NITRATES

Kaplan 35 Pts with angina at rest despite oral nitrates and B-blockers - Reduction of the number of pain episodes after iv-NTG.
(48] open study

Curfman 40 Pts with angina at rest + ECG changes or other evidence for In both groups a similar significant reduction of the number
[49 coronary disease - iv-nitroglycerin vs oral isosorbide dinitrate +  of pain episodes in the acute phase,

2%nitroglycerin ointment

8-BLOCKERS

Goitlieb 81 Pis with angina at rest + ECG changes, treated with nitrates and . Addition of propanolol to vasedilating drugs reduces the
[501 nifedipin - propanolol vs placebo number symptomatic- and silent ischemic episodes.

Waliis 23 Pis with angina at rest and objective evidence of coronary In both groups a similar improvement of haemodynamic
[51] disease - iv-metoprolol vs oral propanolol parameters and a reduction of {he number of pain episodes.
HINT 515 338 pts with suspected UAP at admission, without B-blocker Metoprolol reduces the incidence of recurrent ischemia and
[25] therapy at admission - metoprolot vs placebo infarction within the first 48 hours,

CA-ANTAGONISTS

nifedipin

HINT 515 338 pts with suspected UAP at admission, without 8-blocker Combination no additional effect to B-blocker alone.
{25} therapy at admission - metoprolol, nifedipine or both vs placebo Moo therapy with nifedipine increases the frequency of

Gerstenblith 138
[52]

Muller 126
£53]

117 pis with suspected UAP at admission, with existing 8-
blockade - nifedipine vs placebo

Pis with angina at rest + ECG changes, treated with nitrates and

B-blockers - nifedipine vs placebo

Pis with angina at rest + ECG changes or other evidence for
coronary disease - conventional {nitrates+8-blockers) vs
nifedipine

recurrent ischemia / infarclion,
Addition of nifedipine 1o §-blocker therapy reduces the
frequency of recurrent ischemia / infarclion.

Addition of nifedipine reduces the need for bypass surgery in
order to control persisiing symptoms,

In pts without maintenance treatment with §-blockers
conventional therapy is more effective control ischemia.

In pts with maintenance treatment with 8-blockers nifedipine
is more effective to control ischemia,




diltiazem
Andre-Fouet 70 Pis with angina at rest + ECG changes; Prinzmetal’s angina

[54} not excluded - propanotol vs diltiazem
Theroux 100 Pis with progressive angina or angina at rest + ECG changes;
[551 Prinzmetal’s angina excluded- diltiazem vs propanolol

ANTICOAGULANTS / ANITPLATELET DRUGS

heparine

Telford 214 Pts with progressive angina + ECG changes or subendocardial
[56] infarction - heparin, atenolol, or both vs placebo

Theroux 479 Pts with progressive angina or angina at rest + ECG changes -
[401 heparin, aspirin, or both vs placebo

RISC group 796 Pis with progressive angina + ECG changes or non-Q-wave

{58) infarction - heparin, aspirin or both vs placebo

Semeri 97 Pis with persisting (refractory) angina 48 hours after

[45) admission - heparin continuous infusion or heparin bolus
injections vs aspirin

aspirin

Lewis 1266 Pis with progressive angina or angina at rest + ECG changes

{39] or other evidence of coronary disease - aspirin vs placebo

Caims 555 Pts with ischemic chest pain, after exclusion of infarction or

{57} other diseases - aspirin, sulfinpyrazone, or both vs placebo

Ticlopidine

Balsano 652 Pis with progressive angina or angina at rest + ECG changes -

f41] conventional (nitrates, B-blockers and calcium antagonists) vs

conventional therapy + ticlopidine (=platelet inhibitor)

In both groups a similar significant reduction of the number of
pain ¢pisedes.

Diltiazem is possibly more effective in angina at rest without
previous angina of effort.

In both groups a similar significant reduction of the number of
pain episodes. Bypass surgery, infarctions and mortatity
during follow up (5 months) similar.

Reduction of infarction risk with heparin compared to atenolol
and placebo.

Reduction of persisting pain (refractory angina) with heparin.
Reduction of infarction risk with heparin and aspirin,
Combination no addilional effect, but more biceding
complications.

Reduction of infarction and monality risk with aspirin alone
and in combination with heparin, not with heparin alone.

Reduction of the number of pain episodes with heparin
infusion compared to heparin bolus or aspirin,

Reduction of the infarction and morality risk with aspirin,
both short term (12 weeks) and long term (I year).

Long term (18 months) reduction of infarction and mortality
risk with aspirin. No effect of sulfinpyrazone,

Reduction of infarction and mortality risk with ticlopidine.




THROMBOLYTIC AGENTS
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Pts with recurrent angina at rest despite triple therapy (nitrates,
B-blockers and ca-antagonists) in whom angiography during
pain was possible - open study

Pis with angina at rest + ECG changes - i-PA vs placebo
{continucus infusion during 12 hours)

Pis with angina al rest and coronary stenosis > 60% - i-PA vs
placebo after diagnostic angiogram

Pts with angina at rest + ECG changes - rt-PA vs placebo
afier diagnostic angiogram; PTCA after 24 hours

Pts with angina at rest + ECG changes and coronary stenosis
> 80% - high dose tt-PA (100 mg), low dose 1it-PA (0.75
mgfkg, max 60 mg) vs placebo afler diagnostic angiogram

Pis with angina at rest £ ECG changes - open study: IC-SK or
i-PA iv after diagnostic angiogram

Pis with angina at rest + ECG changes, persisting after 48 hrs
despite treatment with triple-therapy + iv-nitroglycerin - iv-SK
vs placebo

Pts with a typical history of unsiable angina + ECG changes +
significant coronary lesions - anisireplase vs placebo

Angiographically: thrombus in 57%, reduction afier ic-UK,
Clinically; recurrence of pain / infarction associated with the
presence of thrombus, independent of thrombolysis.

Angiographically: fewer thrombi with rt-PA after 1-3 days.
Clinically: rcduction of recurrent pain after rt-PA; recurrence
of pain is associated with thrombus; bleeding risk high afier
it-PA infusion,

Angiographically: no reduction in diameter stenosis,
Pacing threshold increases after i-PA when {hrombus present.
Chinically: no difference in revascularisation procedures.

Angiographically: no difference.
Clinically: no difference in pain episcdes or infarctions.
PTCA: rt-PA no effect on procedural complications.

Angiographically: no difference between groups.
Clinically; no difference in pain, infarctions or emergency
operations; increased bleeding risk in both n-PA groups.

Angiographically; in both groups a reduction of the number of
thrombi and a reduction of diameter sienosis.

Clinically: number of pain episodes and revascularisation
procedures independent of angiographic improvement.

Clinically: earlier pain relief and reduclion of the number of
pain episodes after SK; infarct reduction after 6 months,

Angiographically: significant reduction of diameter stenosis,
Clinicatly: no difference in angina severity, infarction and
moriality rate; increased bleeding risk afler anistreplase.

All studices are randomised trials unlcss mentioned otherwise,



cGMP. Dissociadon of NO from nitrates resulis in vasorelaxation independent of
endothelial EDRF, also in an atherosclerotic environment without intact endothelium™.
JS-blockers. B-blockers reduce the incidence of new ischemic episodes by reducing heart
rate and biood pressure and depressing myocardial comtractility, all of which lower
myocardial oxygen demand. A low heart rate also results in a proionged diastole and
thus provides more time for coronary perfusion. B-blockers without intrinsic
sympaticomimetic activity (ISA) are generally preferred because they are more effective
to reduce heart rate. However, the clinical efficacy of the various B-blockers is not
significantly different*®*. Side effects of B-blockers include heart failure, hypotension,
peripheral vasoconstriction and bronchospasm, and seldom coronary artery Spasm.
Calcium-antagonists, The three most important representatives of this group are
nifedipine, diliazem and verapamil. These drugs act through a blockade of the calcium
influx into the (muscle} cells. The anti-ischemic effect is established by improvement
of the oxygen balance on both the supply side and on the demand side: by coronary
vasodilation, peripheral arterial vasodilation and afterload reduction, by reducing the
heart rate (except nifedipine) and by depressing contractility’®!. The three drugs vary
in their potency to affect the different components of the cardiovascular system.
Nifedipine has a strong vasodilating effect and a2 modest negative inotropic effect. Side
effects due to vasodilation may occur as reflextachycardia and hypotension and even
’coronary steal’, which can aggravate the anginal symptoms”. In addition w0 a
vasodilating effect, diluazem also inhibits the sinoatrial node and AV-conduction,
reducing heart rate. Verapamil has an even stronger inhibiting effect on the AV-node
and reduces myocardial oxygen demand by negative inotropic acton. This drug is often
used to weat supraventricular arrhythmias.

Both B-biockers and calcium-antagonists are effective in alleviating acute
symptoms (table 1.1), but reduction in infarction rate by 8-blocker wreamment has only
been shown in the HINT swmdy”, and no reduction in mortality rate has been
reported™=,

Platelet inhibitors and anticoagulants. Platelet aggregation and thrombus formation are
the key factors in an evolving unstable situation. Accordingly, a favourable effect of
platelet inhibitors and anticoagulanis may be expected to prevent progression to
infarction o1 sudden death in patients with unstable angina. Indeed, aspirin and heparin
have been shown to reduce infarction and sudden death in patients with unstable angina
pectoris (table 1.1), These drugs are of value for both short term treatment (reduction
of ischemic episodes by heparin) and long term treatment (reduction of the risks for
infarction and death by both heparin and aspirin)*#57%,

Thromboelytic agents The recognition of intracoronary thrombus formation in unstable
angina pecioris, as well as the efficacy of thrombolytic agents in treatment of acute

infarction®™ ™ have been a reason to investigate the clinical effect thrombolytic agents
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in unstable angina. However, no salutary effect of these drugs has been found in
patients with unstable angina, neither angiographically nor clinically (wzble 1.1). Some
authors report an association between recurrence of pain and the presence of
thrombus™®. Possibly thrombolytic therapy might be effective in this subgroup of
patients, but this has not yet been shown.

A stepwise approach to treatment of unstable angina is generally recommended”.
The first step is admission to hospital, bed rest and pain relief with sublingual
nitroglycerin or morfinomimetic drugs. Additonal problems, such as high blood
pressure and heart rate, arrhythmias, anaemia or thyrotoxicosis should be treated when
present. The second step includes administration of heparin and B-blockers immediately
at admission, even when the ECG is normal. Nitrates (oral or intravenous) are
administered at the same time. Finally, calctum-antagonists can be added. It should be
noted that nifedipine is only beneficial for patients who are already on maintenance
treamment with B-blockers, while its administration is discouraged without concomitant
B-blocker therapy™®. Addition of aspirin to heparin treatment in the acute phase may
provide extra protection although it may also be reserved for long term therapy*®®.

Such stepwise combination therapy will control the symptoms in 80-90% of the
patients admitted to the hospital with unstable angina*-"". In case of persisting symptoms
in spite of intensive pharmacological therapy, coronary angiography is indicated to
prepare subsequent angioplasty or bypass surgery. Although a thrombus is frequently
present, especially early after the most recent pain episode and in the presence of
concomitant ST-T changes™, thrombolytic therapy has at present no place in the
treatment strategy for unstable angina, unless complete coronary occlusion has been
documented by angiography™. If the patient has stabilised it is often suggesied to
perform angiography after several weeks, either after or without intermediate exercise
testing, and to decide for elective angioplasty or bypass surgery, depending on the

angiographic results™",

VI. Coronary angiography, angioplasty and bypass surgery

Coronary angiography is performed to assess the possibilites for revascularisation if
such interventocn is being considered. In additon, in some patients an angiogram may
be helpful 10 establish the diagnosis of coronary disease, when the symptoms are
suggestive for coronary artery disease, but without concomitant ECG changes. Clear
indications for angiography are post infarction angina (within 4 weeks after infarction),
'refractory’ angina (persisting despite extensive medical therapy), angina at rest with
ECG changes indicative for ischemia in a large myocardial area, or the development of
deep negative T-waves in the anterior leads (suggestive of proximal LAD obstruction)™.
The frequency of angiography procedures in patients admitted for unstable angina varies
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considerably between regions and institutions™, depending in part on descriptions and
patient referral patterns. In the Rotterdam study & decision to perform angiography was
made for 31% of the patients admitted with an imtal diagnosis of unstable angina
(chapter 2). In the hospital with in-house angioraphic facilities the decision for
angiography was made twice as often as in the hospital without a catheterisation
laboratory (chapter 4). The intensity of medication at the onset of the unstable period
appears 10 be an important facter for this variability™, but also considerable variation
in the decision making process is observed between individual cardiologists (chapter 5).

It should be appreciated that the nisk of coronary angiography is low but not
negligible, varying from 0.1 to 0.5%" . Procedural mortality is positively associated with
elderly age and with severe coronary artery disease, especially left main disease. Thus,
a decision to perform angiography should not be made lightly.

Alihough the angiographic appearance of the culprit lesion in patients with
unstable angina may differ from the appearance of the lesions in patients with stable
angina, the extent of coronary artery disease appears similar in both patdent groups,
independent of the clinical presentation™®. In approximately 5-10% of patients no
significant lesions are found. Left main disease is observed in about 5%, and 1-, 2-, and
3-vessel disease are present in equal amounts. Apparently, the dynamic obstruction in
unstable angina, as described in paragraph 2, is responsible for the unstable situation
and not the severity of the fixed obstruction per se.

Both bypass surgery and angioplasty are often performed in patients with
unstable angina pectoris. However, if possible, such interventions should be deferred
until symptoms have been stabilised’®”. In patients with three-vessel disease and
impaired left ventricular function survival may be improved by surgery™. Angioplasty
of the culprit lesion may be efficacious in case of failure of medical therapy as well as
after initial stabilisation””, Initially angioplasty was performed only in patients with
single vessel discase and circumscript lesions with smooth borders. More recently also
frregular ’unstable’ lesions in patients with multivessel disease have been treated by
PTCA. Such angioplasty procedure of the ischemia-related, *culprit’ lesion is successful
in 85-90% of the patients®®*!. Complications occur more often in patients with unstable
angina than in patients with stable angina, especially when intracoronary thrombus is
present and also if the procedure is performed within one week after the most recent
pain episode™. Restenosis after initially successful procedures occurs in 25-35% of the
patients in the first 6-8 months®. The choice between PTCA or surgery in practice will
be based on the angiographic findings, as well as on the availability of both procedures,
and waiting Hst. A formal of PTCA comparison with medical therapy or with surgery
is not yet availabie. Therefore, the long term effecis of PTCA and CABG in patients
who are eligible for either procedure are currently being compared in several
randomised tials (CABRI,BARTLEAST RITA,GABD*¥.
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Conclusion

The term "unstable angina pectoris’ encompasses a broad spectrum clinical presentations
of coronary ariery disease and has to be specified in greater detail when the clinical
conditon of an individual patient is described. The pathophysiology of unstable
coronary disease includes abrupt distuption of an atherosclerotic plague, often with an
increase in vasomotor tope, platelet aggregation and thrombus formation. In patients
with prolonged compiete coronary occlusion myocardial infarction will develop. The
risk of progression tc infarction in patients preseniing with symptoms compatible with
unstable angina varies form 1-6% in the acute phase and from 5-15% within 1 vear.
This risk depends in part on patient selection and on the definition of unstable angina,
as well as on the intensity of medication. Presently available medication for short-term
and long-term treatment acts on different pathophysiologic mechanisms. Besides the
raditional mirates and B-blockers, calcium-antagonists, heparin and aspirin have been
added to the weatment regimen. So far, thrombolytc dmgs have not shown 2 salutary
effect in patients with unsiable angina. Angioplasty and bypass surgery are efficacious
to prevent of complications in selected patents. However, is has not been determined
by conwolled smdies in which cases angioplasty or surgery should be preferred and in
which cases medical therapy would be the best option.
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ABSTRACT

A follow up study was performed in order to examine the management and clinical
course in unstable angina. 417 consecutive patients admitted to the Thoraxcenter
(TXC) or Sint Franciscus Gasthuis (SFG) for chest pain denoted as unstable angina,
suspected of reversible ischemia, without signs of acute myocardial infarcdon, were
followed during hospital stay.

After an initial observation period the final diagnosis was myocardial infarction
in 38 patients {9%), unstable angina in 270 patents (65%) and non-cardiac or non-
specific pain in 109 patients (26%).

All patients received medical therapy as indicated. A key question in unstable
angina is whether medical therapy will suffice, or whether coronary angiography and
additional interventions are required. During hospital stay it was decided to perform
angiography in 137 patents (33%), including 16 patients for whom this decision was
made immediately at admission, because of the history and the severity of symptoms.
Subsequently, 100 patients (24%) were scheduled for angioplasty or bypass surgery.
Angiography was performed more often in the TXC (47%) than in the SFG (25%).
During follow-up 211 patients (53%) had recurrent pain ¢pisodes. New myocardial
infarction occurred in 16 patients (4%), 9 during observation or waiting for an
intervention and 7 related to PTCA (3} or CABG (4). Six patients died (1.4%), of
which 3 during observation and 2 in relation to PTCA. Mortality was associated with
advanced age (= 70 years) and recent infarction.

We conclude that patients admitted for suspected unstable angina have benign
in-hospital course if intemsive therapy is available. Recurren: ischemia occurs
frequently but it can be treated with low morbidity and mortality.
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INTRODUCTION

The syndrome unsizble angina pectoris encompasses a variety of clinical
presentations cansed by transient episodes of myocardial ischemia. These episodes
are precipitated by changes in the degree of coronary flow obstruction caused by
different pathophysiological mechanisms, including intracoronary atheromatous
plaque rmupmre, platelet aggregaton and thrombus formation, and increased
vasomotor tone'”. Other terms that have been used to describe the syndrome, such as
impending myocardial infarction, pre-infarction amgina, acute coronary insufficiency
or intermediate coronary syndrome’, indicate concern for progression to myocardial
infarction. However, morbidity and mortality in patients with unstable angina vary®s,
which occur in 1-6% respectively 2-12% in the acute phase. Accordingly the "label’
or diagnosis can change over time’.

In a patient with chest pain severe enough to warrant hospital admission an
early working diagnosis of suspected unstable angina is made when symptoms and
signs are such that transient myocardial ischemia is believed to be the underlying
cause. New information acquired during admission, such as the occurrence or
absence of new episodes of chest pain, ECG changes or elevated serum enzyme
levels, will contribute to a final diagnosis which can be either acute myocardial
infarction, unstable angina, non cardiac discase, or ‘non-specific’ chest pain.

Most reports address specific selected subgroups of patients with unstable
angina, such as patients in whom myocardial infarction has been ruled out’ by serial
enzyme determinations®, or patients referred for angioplasty’™ or bypass
surgery'>®. Accordingly, data on the clinical course and management in the whole
spectrum of patients with unstable angina are scarce.

In an attempt to collect such data we conducted a prospective rwo-center
follow-up stdy in 417 consecutive padents who were primarily admisted to hospital
for chest pain of suspected ischemic origin, labelled "unstable angina’, without signs
of acute infarction or other discases at the tme of admission. The specific aim of the
study was to assess the diagnostic and therapeutic procedures used in various
subgroups and to assess the incidence of in-hospital events, including development of
myocardial infarction and mortality and the need for emergency revascularisation
procedures. Also the management strategy In the two hospitals was compared.

PATIENTS AND METHODS
Study site

The study was conducted in the Thoraxcenter (TXC) of the University Hospital
Dijkzigt and the Sint Franciscus Gasthuis (SFG) in Rouerdam. The TXC is a
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teaching hospital with facilities for diagnostic angiography, angioplasty, and cardiac
surgery, where approximately 1100 patients are admitied to the CCU per year. The
SFG is a large community hospital with about 1700 CCU admissions per year, but
without in-house angiography facilities. Most diagnostic catheterization procedures in
patdents admitied to the SFG are performed by cardiologists from the SFG who have
their own schedule in the TXC and in another hospital in Rotterdam. Most
emergency angiograms, as well as the majority of revascularisation procedures are
performed in the TXC.

Patient selection and definitions

All patients admined to the cardiac department for chest pain diagnosed as unstable
angina by the physician on duty, were included in the registry. The inital diagnosis
suspected wnstable angina was based on a history of severe chest pain at rest or at
minimal exertion, probably of ischemic basis without electrocardiographic signs of
acute infarction or signs of other causes of chest pain such as aneurysm or
arthythmia. ST-T changes were not required for inclusion. Patients admitted for
suspected myocardial infarction were also included as unstable angina when
subseguent enzyme levels remained below twice the nommal value. Patients who were
referred to the TXC from other hospitals for further treatment were excluded.

The final diagnosis definite unstable angina was based on the evaluation of
symptoms and on the documentation of objective ECG criteria during observation or
exercise testing. Patients with initial infarction who had recurrent anginal pain after
24 hours were included as post infarcton unstable angina.

Data coliection and follow-up

The data were prospectively collected and recorded on a form which was designed in
such a way that regisiration foliowed the various decision momenis during a patient’s
hospital stay.

The m-hospital stay was divided in three periods: an observation period lasting
from admission until the decision either to discharge or to inidate coronary
angiography; a waiting period lasting from the moment of decision to perform
angiography until the execution of the procedure; in patients for whom the decision
was made to perform angioplasty or bypass surgery a second waiting period was
distinguished between the decision and the procedure; in patients for whom was
decided to contnue medical therapy a second cbservation period was distinguished
between this decision and discharge.

Demographic data, history and characteristics of presentation were recorded at
admission. During ail follow-up periods a log was kept of new pain episodes, new
infarctions or death. The following diagnostic and therapeutic measures were
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recorded: elecirocardiograms, exercise tests, and medication. After an observaton
period of 24-48 hours the final diagnosis was noted. Furthermore the frequency of
and reasons for changes of initial decisions were recorded.

Electrocardiograms were coded with respect to the presence or absence of Q-
waves, indicating old infarction (Q-waves > 0.03 sec or Q-wave equivalents: R-wave
> 0.03 seconds in V1 and R > § in V2), signs of left venmicular hypertrophy (R 2
26mV in V5 or V6, or R in V5 or V6 plus § in V1 23.5mV), intraventricular
conduction disturbances (QRS > 0.12 seconds) or neither of these'®. The ST-segment
was scored as ST elevation or ST depression = 0.1mV and/or T-wave mversion. If
an electrocardiogram during pain was obtained, the occurrence of ST
elevation/depression = 0.ImV or T-wave deviation = 0.imV was described.

Serum creatine kinmase levels and other emzymes were determined at various
moments during hospital stay according to local routine. Myocardial infarction was
defined as the presence of serum creatine kinase levels above twice the local upper
mit of normal. The time of onset of infarction was determined from analysis of
history, ECG and enzyme changes.

Statistical analysis

Comparisons between groups were analyzed with a student t-test for continuous
variables and -square test for discrete variables.

RESULTS

Patient {low and final diagnosis
Between Ociober 1588 and September 1989, 148 padents were admitted for
suspected unstable angina to the Thoraxcenter (TXC), University Hospital Dijkzigt
and 269 to the Sint Franciscus Gasthuis (SFG). This includes 11 patients with an
initial diagnosis of myocardial infarction but without serial enzyme changes. A flow
chart of these 417 patients with respect to the final diagnosis and climical events
between admission and the decision to perform angiography is given in figure 2.1.
For 16 padents the decision to perform angiography was made immediately at
admission because of the history and the severity of symptoms, including 7 with a
history of recent infarcton or angioplasty. For the other 401 patients a final
diagnosis was made after a 24-48 hour observation period. In 270 padents the final
diagnosis was definite unstabie angina, 38 patients appeared to have an infarction at
the time of admission, according tc enzyme levels that became available after several
hours and for 109 other padents the final diagnosis was non-specific chest pain or
chest pain of other causes, including gall bladder and hiver disease (2),
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admission dingnosis (24-48 hrs) decision
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27 ANGIO
2 ANGIO
254 UAP _ amI {
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109 OTHER 108 DISCHARGE

Figure 2.1. Flow of parients admitted for chest pain suspected of unstable angina from
admission uniil the decision either 1o perform angiography or to discharge without
angiography. PIAP = post infarction angina; norm. enz, = normal enzymes: patienis
admitted for suspected myocardial infarction without elevated enzyme levels.

WAITING FOR WAITING FOR RECOVERY UNTIL
ANGIOGRAPHY ) REVASCULARISATION . DISCHARGE .
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_48 CABG 1 MI l'
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46 CABG {
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L2 Rx w29 uncomplicated
L 7 no CAD. 7 uncomplicated

Figure 2.2. Flow of all patients with definite of unstable angina from the time of decision
to perform angiography until the eventual procedure, subsequent interventions and
discharge. CAD = coronary artery disease



gastrointestinal problems (4), musculoskeletal pain (1), heart failure (5), arrhythmias
(3), and pericarditis (1). Twelve out of 38 patients with initial nfarction developed
post infarction angina, bringing the total number of patients with unstable angina to
282.

Patients with 'definite’ unstable angina.

Afiter the diagnosis unstable angina was made, 52 out of 282 patients were scheduled
for angiography without further delay and angiography was scheduled for ancther 85
patients after recurrent ischemic episodes. The subsequent course of these 137
patients with unstable angina scheduled for angiography is illustrated in figure 2.2
All planned angiography procedures were performed without complicatons. Afrer
angiography 100 patients were scheduled for revascularisation procedures, 37
patients were treated medically including seven patients in whom the angiogram did
not show significant coronary disease. Two patents scheduled for surgery evenmally
underwent angioplasty, because of infectious disease in one patient and because of
recurrent pain episodes that warranied an emergency procedure in the other patient.
Angioplasty was performed during the same session as the angiography in 14
patients, including 8 patients undergoing a repeat procedure within six months of an
carlier angioplasty. One patient who waited for amgioplasty underwent surgery
instead after revision of the angiogram. One other procedure was cancelled because
of fever. This patient subsequently died after reinfarction despite medical therapy.
Medical ueatment failed in one patient who subsequently underwent angioplasty
because of recurrent pain episodes with ECG changes.

Table 2.1 In hospital mortality

gender age symploms time after admission cause of death

1 female 85 infarct at admission 4 days -observation period reinfarction
-recurrent ischemia
2 female 75 infarct at admission 31 days -waiting for PTCA  reinfarction

-recurrent ischemia (cancelled)
3 male 70 angina after recent O days -during PTCA heart failure, asystole
infarct and PTCA -thrombus formation
4 male 73 recentonsetangina 5 days -2 days after PTCA  rewoperitoneal
bleeding
5 male 79 infarctatadmission 1 day -observation period infarction and heart
failure
6% female 73 angina after recent 12 days -during PTCA intracerebral
infarct bleeding

* Decision for angiography was made immediately at admission.
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Mortality and morbidity.

Six out of 417 patients (1.4%) died in hospital. All six patients were 70 years or
older. Five of these six patienis died after recent infarction. Three patients died
during observaron, while the three other deaths were teiated to angioplasty
procedures. Details are provided in table 2.1,

Myocardial infarction occurred in 16 patents (3.8%). This was associated with
prehospital acceleration of angina and ST-T abnormalities on the baseline ECG. Four
patients developed infarction during initial observation (figure 2.1). Four patients
suffered infarction during a waiting period, two waiting for amgiography, ome for
surgery and one other for angioplasty and seven infarctions were related to
revascularisation procedures, four to surgery and three to angioplasty (figure 2.2),

Baseline characteristics

Demographic and historical data of the 417 patients who were admitted for
observadon are presented i table 2.2. There was no difference in mean age between
patients with a final diagnosis of unstable angina, myocardial infarction or chest pain
of other causes. However there were less patents younger than 50 years with
unstable angina (16%) compared to the other two groups (29%, p<0.01). Patents
with unstable angina had more often a history of documented coronary artery disease
than patients who in retrospect had an infarction or other diagnosis. At hospital entry
42% of all patients were without antianginal medication. Medication before
admission was more extensive in patients with unstable angina since only 31%
entered the hospital without medication against 63% of the other patients, p<0.001.
Thirty percent of all patients had one, 20% two and 7% three antianginal drugs
(nitrates, 8-blockers or calcium antagonists) before admission.

A short history of pain was seen more often in patients with acute infarction or
other causes than in patients with unstable angina. In half of the patients with other
causes the pain was of sudden onset (table 2.3). In case of myocardial infarction the
pain was usually still presemt at admission and lasied for more than one hour.
However z high number of patients with unstable angina (33%) had pain of long
duration. This may partly be due to interpretation of a sequence of many shorter
episodes. However, it is not a sensitive indicator for myocardial infarction om its
own, Patents with unstable angina and myocardial infarction had more pain episcdes
during 24 hours before admission than patients with other causes (46% and 29%
respectively with muldple episodes, p<0.05).

The initial diagnosis of suspected unstable angina in the 417 patients who were
admitted for injtial observation was supported by dynamic ECG changes during or
shortly after pain in 147 patients, and by abnormal repolarisation considered as
ischemia on the painfree ECG in 67 patients (28 patents had ST-T abnormalities on
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Table 2.2 Baseline characteristics

final diagnosis

Total UAP AMI Other
n=417 n=270 n=38 n=109
n (%) n {%) n (%) n (%)
age
< 50 years 80 2D 44018 1129 32029
50-70 years 203 (49 145 (34) 18 (47) 40 (37
> 70 years 127 (30) 81 (30 924y 37347
male 267 (64) 172(64) 29 (76) 66 (61)
hypertension' 152 (36) 93 (34) 19 (50) 403N
diaberes mellitus 49 (12) 35013 4 (11) 10 @O
hypercholesterclemia® 59 (14 45 (17) 6 (16) 8 (N
srncaking3 142 (34) 95 (35) 13 (34) 34 (31)
positive family history® 151 (36) 108 (40) 9(24) 34 (3D
previcus history
unstable angina 95 (23) 78 (29) 6 (16) 1amy
myocardial infarction 193 (46) 133 (51) 15 (39) 41 (38)*
angiography (documented CAD) 112@En 37 (32 g2 17081
angioplasty 51 (12) 45 (17) 1 3 53T
bypass surgery 63 (13) 49 (18) 4 (1D 10 (9
one of above 230 (55) 185(61) 20(53) 45D+
medication before admission®
long acting nitrates 104 (24) 82 (30) 718 15047t
beta blockers 167 (39) 130(48) 12(32) 25237
calcium antagonists 113 (25) 8% (3% 924 150147F
platelet inhibitors 87 21) 66 (24) 521 16 (15)*
oral anticoaguiants 55 (13) 20 (1D 400 2220=*

* p<0.05 T p<C.01; UAP=unstable angina pectoris;
Other=non-specific chest pain or chest pain of other causes.
! Blood pressure >160/90 or current treatment. 2 serum cholesterol >6.5 mmol/] or current
treatment. * current smoking and smoking untl less than a year ago. * infarct or cardiac
death at age under 60 in first or second degree relative. * total number of andanginal drugs

is displayed in figure 2.3.
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Table 2.3 Presentation at admission

final diagnosis

Total UAP AMY Other
n=417 n=270 =38 n=109
n (%) n (%) n (%) n (%)
pain before presentation’
none 133 (32) 61 (23 1539 57(52)
< 4 weeks, progressive 105 (25) TT 29 13 (34) 15 (14)
> 4 weeks, stable 77 (18) 5¢6 (19 6(16) 21 (1%
> 4 weeks, progressive 101 24) 81 (30 4D 16 G5t
pain stll present at admission 227 (54 138 (51) 33 @ 5631 T
duration of pain episodes
<15 min 105 (26) 83 (3D 410y 22 20
15-60 min 126 (30) 88 (32) 38 35032
260 min 169 (41) 89 (33) 31 (@82 49 (45
unknown 133 10 @ 0.4 33T
thalarmonal for pain relief 63 (15) 38 (14) 13334 120+t
glectrocardiogram
QRS
Q-wave 131 (31) %1 (34) 12(32) 28(26)
intraventricular conducton disturbances 37 & 20 (5 7(18) 0 9)*
left vemricular hyperoophy 24 (6) 15 (6) 1 (3 8
nene of the above 225 (54) 144 (53) 18 47y 63 (58)
ST-T segment
ST-elevation > 0.1mV 47 (11) 29 (11) 6 (16 12 (11
S$T-depression > 0.ImV 73 (18) 47 (i) 8GO 1807
T-wave inversion 137 (33) 101 (37) 1026) 2624 =
ST-T segment judged as ischemia® 95 (23) 73 (27) 10 (26) 12D+
ST-T change during pain
A ST-elevation > 0.1mV 31 (O 24 (5} 7 (18) 0 =
A 8T-depression > 0.1mV 79 (1%9) 56 (22) 15 (39 53
A T-wave > 0.1mV EINNE)] 24 (9 38 4 (4
ST-T change judged as ischemia® 147 (35) 110 (41) 25 (66) 12 (1Dt

* p<0.05 T p<0.01. ' none=no pain before present episode; < 4 weeks=pain for less than
four weeks with progression; > 4 weeks, stable=chronic stable chest pzain before admission
without acceleraton before present episode; > 4 weeks, progressive=chest pain present for
more than four weeks with gradual acceleration. ? interpretation of the ST-T segment by
the anending physician. A = difference in ST-segment or T-wave deviation in comparison

to the ECG without pain.
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both ECGs). In 203 patients it was based on history alone. Although a history of
myocardial infarction was more frequent in patients with UAP, this was not reflected
in the frequency of Q-waves on the ¢lectrocardiogram. Ischemic ST-T zbnormalities
on the admission elecwocardiogram at rest andfor ST-T changes during or after pain
were seen at admission in more than half of the patients, while 20 percent of the
patents with “other’ causes had ST-T abnormalities.

Clinical course

Observation from admission until the decision for angiography or discharge.

New episodes of chest pain in hospital were frequent in all categories of patients
(table 2.4). The pain was accompanied by ST-T changes and was reason for
addinonal medication in one third of the patients with unstable angina. Two third of
the patients with infarction had new episodes of pain in hospital, although post
infarction angina (> 24 hours after inital infarct) occurred in only 12 patients. An
exercise test was performed in half of the patients in all categories. Pain or ECG
changes were observed in 54% of the tests in patients with unstable angina while but
also in 10% of the patients with chest pain of other causes.

Patients in whom the decision was made to perform angiography differed from
the other subjects in the following respects: they had more often post infarction
angina, more recuirent pain episodes during the initial observation, which were
accompanied by ECG changes and treated with additional medication more often.
Fewer patients underwent an exercise test, but if exercise testing was performed, pain
and BECG changes during the test were observed more frequenily.

Waiting period for angiography.

Angiography was followed by angioplasty or bypass surgery in similar frequencies,
although emergency angiography was followed by angioplasty more often (table 2.5).
This was due in part to the relatvely high number of patdents (8) with clinical
suspicion of restencsis after recent angioplasty.

Multiple pain episodes occurred more frequently in patients who were later
scheduled for bypass surgery, and ECG changes during pain were observed less
often In patienis were treated medically after angiography. The severity of coronary
artery disease was a decisive factor for subsequent management. Among the patients
who were subsequently treated medically or with angioplasty 47% had single vessel
disease, whereas 58% of the patients who were scheduied for bypass operation had
three vessel or left main disease. Stll, nine out of 37 patients with three vessel
disease were treated medically. Eight of them bad undergone bypass surgery in the
past an¢ nom-invasive management was chosen because of techmical difficulties
related to remewed surgical procedures or angioplasty, or because of the relative
mildress of the symptoms.
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Table 2.4 Clinical course during observation period

final diagnosis

Total UAP AMI Other
n=401 n=254 n=38 n=10%
n (%) n (%) n (%) n (%)
medication in hospital!
oral nirates 79 20) 66 (26) 13 1207
intravenous nitrates 231 (38) 146(57y 34(8% S51(@DT
3-blockers 2957y 171 (67y 25(66) 3330+
calcium-antagonists 125 (31) 97 (38) 13 (34 1514 %
platelet iphibitors 147 37y 102 (40) 15 (3% 30 (28)
heparin 273(68) 185 (73) 32(84) 56 (5L)%
new pain episodes? 193 (48) 125 (4% 27(71) 4138+
number (>1) 161 (25) 69 (27N 16(42) 16097
max duration (>15 min) 58 (14) 35 (14) 11 (30 12 (D=
ECG changes
during pain 104 (26) 78 (31) 19 (300 7 ® 7
without pain 18 (&) 18 M ¢ - ¢ )
no pain or ECG changes 180 (47) 111 (44) 11 (29 68 (62) %
thalamonal for pain relief 43 (11 18 7y 16 (42) 9 ®7T
additional medicatdon after pain 121 (30) 86 (34) 20 (533) I5(14)F
oral medication 107 2N 7329 190 15047
(re)start inravenous medication 42 (123 33 (15 7 (18 237
thrombolytc therapy 8 @ 73 1 (3 0@
exercise 1est 199 (50) 120 (47) 19 (50) 60 (55)
no ischemic signs 117 29 55 (22) 13 (34 49 (45)
chest pain only during test 16 @ 11 @ 0 & 5 (5)
ECG changes during test 66 (17) 54 (21) 6 (16) 6 57
* p<0.05 1 p<0.01; 1 total number of andanginal drugs is displayed in figure 2.3.
2 progression to infarction or death is displayed in figures 2.1 an 2.2,
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Table 2.5 Clinical course during waiting period for angiography and subsequent
results by decision after angiography.

Total med Rx  PTCA CARG
{n=137) ®=37) (n=52) (n=48)
n (%) n (%) n (%) n (%)
prioity of angiography’
emergent 20 (15 4 (11) 11 21 5%
urgent 100 (73) 28076y 35¢67 370D
elective 17 (12) 5(13) 6 (12) 6 (13)
infarction 2 (1) - - 2@
new pain episodes 58 (42) 12 (32) 22 (42 24 (50)
number (>1) 27 (19) 41 8§(15) 15 @3L)*
deration (>15 min) 12 (9) 13 6 (12) 5(10)
ECG changes 31 (23) 5(14) 12 23 14 29 7
no ECG changes 16 (12) 6 (16) 6 (12) 4 (®
no ECG available 11 (8) 13 4 (8) 6(13)
ECG changes without pain 2 ) - - 2 &
no pain or ECG changes 77 {(56) 25 (63) 30 (58) 22 (46)
additional medicaton 31 (23) 8 (22) 19 (19) 1227
oral medication 21 (13 5(14 6(12) 102D
(re)start inwavenous medication 11 & 3 @& 510 3 6
thrombolysis 2 (1) - 1 @ 1 @)
angiography results
no significant lesions 7 (5 7(19) - -
one vessel disease 44 (32) I8 (49) 24 (46) 1 (@)
two vessel disease 42 (3D 3@ 2140 18 (38)
three vessel disease 40 (29) 9(24)  7(14) 24 (50
left main discase 4 3 - - 4 &

*p<0.05 1 p<0.01

1 emergent=on the same day or the next day; urgent=during the present admission period;
clective=after discharge, according t¢ waiting list.
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Medication.

The number of antianginal drugs (nitrates, B-blockers, calcium-antagonisis and
platelet inhibitors) prescribed at each decision moment in hospital is Mlustated in
figure 2.3 for patients with chest pain from other causes and unstable angina. Forty-
six percent of all patients discharged without angiography and 23% of the patients
who underwent angiography entered the hospital without medication (p<0.001).
Eowever, four of the 16 infarctions ang three of the six deaths in hospital occurred
in patients without medicaton before admission. At admission and during hospital
stay more drugs were prescribed in unstable patients than in patients with chest pain
from other causes (p«<0.01), although half of the patients with ’other causes’ were
temporarily treated with intravenous nitroglycerin and heparin.

At the ume of the decision to perform angiography or not the number of
medications was significantly higher for patients who underwent angiography than
for those who were discharged (p<0.001). Of the former patients 84% were teated
with heparin or aspirin and 47% of the patients were treated with intravenous
nitrates.

46

0o anti-anginal drugs

before admission at admission decision angio  deciston afier angio discharge

Figure 2.3. Anti anginal drugs (nirates, f-blockers, calcium antagonists and platelet
inhibitors} at each decision moment for patienis with chest pain of other causes (A),
patients with definite unstable angina who were discharged withour angiography (B) and
patients with definite unstable angina who underwent angiography (C).
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The medication patterns were similar for those who were treated medically after
angiography and those who were scheduled for angioplasty or bypass surgery.
Nimrates were usually continued inwavenously in the latter two groups untl the
intervendon, while these were replaced by oral nitrates in the medically treated
group. These medically weated patients left the hospital with slightly more
medicatdon than unstable patients who were discharged without anglography (not
stztistically significant).

Duration of observation and waiting periods

The time in hospital untl the final diagnosis was made and subsequent management
strategy was determined is depicted in figure 2.3. The median observation period was
2 days in both hospitals, with a maximum of 32 and 14 days for TXC and SFG
respectively. Ninety-five percent of patients with ‘other causes’ were discharged
within seven days.

cemulative %
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time unti} discharge other (n=109)
time undl angio UAP (n=137)
time vntl discharge UAP (n=144)
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Figure 2.4. Observation time in days until the decision to perform angiography or to
discharge withowt angiography was made, separated by final diagnosis. From left to
right the curves represent

- time until discharge in patients with "other diagnoses”

- time until angiography in patients with unstable angina

- time until discharge in patients unstable angina who did not underge angiograpny
- time until discharge in patients with myocardial infarction.



The decision to perform angiography was made on average two days earlier
than the decision to discharge without angiography in patients with ’definite’
unstable angina (p=0.001). The median time untl discharge without angiography was
similar for both hospitals (4 and 5 days). The decision 1o perform angiography was
made on average one day earlier in the TXC than in the SFG (p<(.04), with median
times of I (max. 7) and 2 (max. 10) days respectively. Twenty-two percent of these
decisions were made on the day of admission, 34% in the TXC and 9% in the SFG.

Angiography was performed within a median of two (max. 48) days after the
decision. The waiting time was significantly shorter in the TXC than in the SFG, 1
(max. 9) day and 5 (max. 48) days respectively (p=0.0001). All procedures in the
TXC were done during the same admission period, but 24% of the procedures in the
SFG were done after discharge, although the decision had been made during
admission. Eight angiography procedures were performed earlier than planped
because of aggravation of symptoms, which progressed to infarction in one patent
who waited at home. Seven procedures were delayed two to seven days, because of
myocardial infarction, fever, temporary swmabilization of symptoms and side effects of
medical treatment. In three cases organizational problems in the catheterizaton
laboratory caused delay, without serious consequences.

The median walting dme for angioplasty was 2 (max. 8) day. Eleven out of 32
procedures in the TXC and 2 out of 20 in the SFG were done during the same
session as the angiography procedure, ¢ight of these for restenosis following previous
angioplasty. Angioplasty was performed earlier than planned in 2 patienis, because of
increasing angina. Three procedures were delayed three to nine days, because of
other ailments and organisational problems.

The weiting tme for bypass surgery was similar for both hospitals, median 10
{max. 140) days. Seven percent of the bypass operations were emergency procedures
and 30% were performed electively. Five bypass operations had to be performed
earlier because of increasing symptoms. One of these patients developed myocardial
infarction while waiting at home. Four procedures were delayed one t¢ 24 days, for
medical or organizational problems. In one patient the waiting period of one day was
covered with intra-aortic balloon counterpuisation. Nome of these delays led to
serious consequences such as myocardial infarction or death.

A total of 33 procedures were planned electively, afier discharge. Two patients
deveioped infarctdon as described above. Another 10 patients were readmited and
the procedures were performed earlier than planned becaunse of recurrent chest pain
without infarction.
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Difference between both hospitals

During the study period twice as many patients were admitied to the SFG compared
to the TXC. In both hospitals 65% of the patients were male. Patients admitted in the
TXC were on average 4 years younger. Seventeen percent of patents in the TXC
and 38% in the SFG were older than 70 years (p<0.01). There was no difference
between both hospitals with respect to the final diagnosis (table 2.6), although more
TXC patients had a history of coronary disease (prior infarction, angioplasty of
bypass surgery) or the misk factors hypertension and hypercholesterolemia.
Antianginal medication at admission was more exiensive in this hospital, Forty-four
percent of patients were admitted without antianginal medication In the SFG and
29% to the TXC, (p<0.01). The initial diagnosis was based on history alone in more
patents in the TXC (p<0.035).

Table 2.6 Diagnosis in each hospital

Total TXC SFG
n=401 n=134 n=267
n (%) n (%) n (%)
Initial diagnosis
suspected unstable angina, based on
history alone 198 (49) 76 (57) 122 (46)
ECG abnormalites 203 (51 58 (43 145 (54) ®
Final diagnosis
unstable angina 254 (64 89 (67) 165 (62)
myocardial infarcdon 38 (9 14 (10 24 9
other 109 27) 31 (23) 78 (29

* p<0.05; TXC = Thoraxcenter, University Hospital Rotierdam, Dijkzigt
SFG = Sint Franciscus Gasthuls.

The clinical course until the decision to perform angiography for patients with
unstable angina did not differ between hospitals. Angiography was performed in 47%
of all patents in the TXC and in 25% in the SFG. The waiting period for
angiography was on average 4 days shorter in the TXC, with fewer pain episodes or
ECG changes during this period. In both hospitals medication was increased after
pain in half of the patients, but intravenous therapy was started more frequently in
the SFG. At the tme of the decision io perform angiography 23% of the patients in
the TXC and 34% of the patients in the SFG had inwavenous nitrates (not
significant). In both hospitals angiography revealed similar severity of coronary
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arery disease. Five percemt had no significant coronary disease, 33% had single
vessel disease, 30% two-vessel dissase, 30% three-vessel disease and 2.% left main
disease. Also the swaegy following angiography was not significantdy different
between both hospitals, although physicians in the TXC tended to do more
angioplasty procedures, whereas in the SFG bypass surgery was the preferred option
for revascularisation.

The number of emergency procedures was significantly higher in the TXC than
in the SFG for angiography (20% and 9%) as well as for angioplasty (52% and
10%). One patient from the SFG who underwent immediate angioplasty because of
restenosis after previous angioplasty died during the procedure. During hospital stay
the total number of events was small and not significantly different for both
hospitals. New infarction occurred in 4 patients in the TXC and in 12 patients in the
SFG (3 resp 4%). Two patieats in the TXC and four patients in the SFG died during
the study period (both 1.5%).

DISCUSSION

During one year in two hospitals all patients admitted for chest pain, suspected for
unstable angina pectoris were followed prospectively with respect to clinjeal course
and management stategy. This wide entry criterium and the selection of patients
immediately at admission ensured that the whole spectrum of unstable angina was
included in this registty. This is in contrast with most other studies on unstable
angina, where only selected patients were included, restricted by age'®®, absence of
recent myocardial infarction or bypass surgery'®'®®, duration of pain episodes™'®* or
the presence of objective ischemic signs on the elecrocardiogram'®, or to patients
with confirmed coronary artery disease after angiography™*, or those selected for
angioplasty’®! or bypass surgery'>. In most studies patients were selected 24 to 48
hours after admission when myocardial infarction was ruled out by serial enzyme
analysis. Such delay also excludes most patients who in rewwospect had chest pain of
other causes and who were included in the present stmdy. The only exclusion
criterfum in the present study was evidence of other disease which was believed 1o
cause the chest pain, e.g. aneurysm dissecans, and referral from other hospitals for
further treatment of patients in whom already a complete diagnostic workup was
performed.

The full spectrum of suspecied unsiable angina at admission represents a patient
population with a2 dynamic pattern of diagnoses. New information during observation
revealed three major diagnostic groups: myocardial infarcton that had already
occurred but was not recognized as such at admission, a definite diagnosis of
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unstable angina, and other causes of chest pain. In one quarter of all patients, after
observation the complaints were attributed to causes other than coronary
insufficiency. This proportion is much lower than Duncan’ reported in an out-patient
study of 616 men aged under 70 who were referred for chest pain, suggestive for
myocardial ischemia, by general practitioners. After a cardiological analysis 365
patients {60%) did not satisfy the criteria for unstable angina. This suggests that a
considerable proportion of patients with chest pain from other causes may be filtered
before admission. At the other side of the spectum, myocardial infarction had
already occurred in 9% of all admitted patients, which could only be recognized
from the serum enzyme assays that became available six to eight hours after
admission. Similarly, in the HINT study' myocardial infarcion had occurred in
retrospect at the time of admission in 12% of patents with prolonged chest pain and
concomitant ECG changes.

ECG changes were not required for the final diagnosis of unstable angina. In 55
out of 282 patients with unstable angina as final diagnosis no ECG changes were
observed during the clinical observation period or during exercise testing. Forty-three
of these 55 patients (78%) had a history of coronary disease (myocardial infarction
or prior angiography, angioplasty or bypass surgery) and in the other twelve patients
the diagnosis of definite unstable anginz was made on the present history alone.
Morbidity and mortality.

The in-hospital infarction rate was low. New myocardial infarctions occurred in 16
patients (4%) during the registry period. One of these occurred after initial infarction
at admission and two infarctons occurred in patients waiting at home for
angiography or bypass surgery. The overall mortality rate was low: 1.2% for the total
group and 1.5% in patients with ’definite’ unstable angina. These figures are
comparable with earlier prognostic studies which menton in-hospital infarction rates
from 4-20% and mortality rates from 1-6%25%15 In other recent studies these
figures are 1.7-11.9% and 1.1-1.7% for infarction and mortality rates
respectively™*?. The infarction rate of 11.9% in the study of Theroux® applies to
patents mreated with placebo, whereas this number was 1.5% for patients treaied with
aspirin, heparin or both. These drugs were prescribed in more than 80% of the
patents with unstable angina in our registry. Mulcahy reported in hospital morbidity
and mortality rates of 10.1% and 3.2%% in patients without routine medical
treatment of B-blockers, calcium antagonists or antcoagulants. The extensive
medication in the present study may explain the lower numbers infarctions and
death. In hospital 78% of all patients received oral or intravenous nitrates, 58%
received B-blockers, 33% calclum-antagonisis and 78% of the patients was initially
treated with either aspirin or heparin. It should be noted that in the present study
many infarctions and deaths were related to interventions, and such cases were
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usually not included in the above mentioned studies. Furthermore all deaths occurred
in patients older than 70 years, a group that is excluded in many other studies.

Within the group of ’definite’ unstable angina coronery angiography was
performed in only 137 out of 282 (49%) patents and in 100 patients a subsequent
revascularisation procedure was scheduled (figure 2.2). Although many patients had
recurrent pain episodes in hospital they could often be weated satisfactorily with
medicaton, at a low sisk for infarcdon or death. Angiography was performed
predominantly in patients with multiple new pain episodes and ECG changes in
hospital and in patents with post infarction angina These patients have relatively
high risks for death or myocardial infarction®!**%, Other characteristics at admission
associated with a high risk of infarction or death were 2 gradual acceleration of pain
before admission and abnormal repolarisation on the admission ECG without pain.
Within the group of patients with a definite diagnosis of unstable angina only an
abnormal admission ECG indicated higher risk. Deterioration of angina and ST-T
abnormalities were also found to be associated with a more complicaied clinical
course in the studies of Krauss and Roberts™?'.

Some infarctions occurred during the waiting period for angiography or
intervention. However, it remains doubtful whether all of these infarctions could
have been prevented by earher intervention. Four infarctions during the initial
observation period occurred between one and four days after admission, while on
average three days were needed before a decision for an intervention was made and
another five days undl the procedure was performed. On the other hand two
infarctions while waiting at home for angiography and for bypass surgery. These
complications might have been prevented by an earlier intervention.

Differential diagnosis at admission.

The differentiation between unstable angina or infarction and other causes of chest
pain remains difficul™ . Based on symptoms and signs available at admission that
do not suggest acute infarction ome has to accept a considerable false positive
diagnostic rate. About ten percent will turn out to have acute infarction after ail on
the basis of cardiac enzyme levels. An ever higher percentage does not suffer
ischemic disease at all. Predictive rules that have been developed based on admission
criteria still leave 30% of all admissions without a final diagnosis of ischemia®.

Although in the present study patients with chest pain of other causes differed
from patients with myocardial ischemia with respect to the previcus history of
ischemic disease, medication, presentation at admission and electrocardiographic
signs of ischemia, the admission characteristics were of litile value to differentate
patients with and without ischemic heart disease. In many patients careful clinical
observation is required to rule out ischemic disease or to assess the severity of
angina for further treatment. Nevertheless the amount of medication that was started
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in hospital was less in patients with other causes of chest pain than in those with
"definite’ unstable angina. This indicates that the attending physicians recognized the
symptoms as less severe in the former group.

Difference between both hospitals.

The patient populations in both hospitals differed with respect to cardiac history, risk
factors and medicaton before admission. The proportion of patients older than 70
years was twice as high in the SFG, while patents in the TXC had more often a
history of known coronary artery disease. However there was no difference in the
final diagnoses and the clinical course in hespital. The most prominent difference
between the two hospitals was the management swategy. In the TXC nearly twice as
many patents vnderwent angiography. Decisions were made earlier and the
procedures were performed earlier than in the SFG. Whether this is only due to the
availability of facilities for angiography, angioplasty or bypass surgery, or also 1o
specific patient characteristics and personal decision making processes remains
uncertain. As a consequence of the longer waiting period for angiography and further
interventions in the SFG patients suffered more new pain episodes and more
intravenous medication was needed. Nevertheless no difference was observed with
respect to infarction rate or mortality.

Conclusion.

Unstable angina is a relatively benign syndrome under the cuirent management
strategy. Many patents can be stabilized on medication, in particular with iv-heparin
and long-term treatment with aspirin, which have become ’standard’ treatment during
the past years in addition to B-blockers and nitrates. In clinical practice further
intensive treatment is requested in a quarter of hospitalized patients with unstable
angina. Although these procedures are not free of risk the morbidity and mortality in
hospital is low. Further studies will attempt to reduce the rate of these complications
further by, for example, more intense antiplatelet therapy™. Such therapy may also
prevent complicatons of PTCA as were observed in a few patients in this study.
Currently, angiography and revascularisation can be reserved for selected patients,
particularly patrients with post infarcion angina, elderly patients and patients with
recurrent chest pain and concomitant ECG changes.
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ABSTRACT

A six months foliow-up study was performed in 417 patients hospitalised for suspected
unstable angina in the Thoraxcenter {TXC) and the Sint Franciscus Gasthuis (SFG). Six
patients died in hospital and 411 patients were discharged alive with 2 final diagnosis
of unstable angina in 277 patients, myocardial infarction in 25 patients and non-cardiac
or non-specific chest pain in 109 patents. Coronary angiography was initiated in 60%
of the patients with a final diagnosis of unstable angina. Forty-eight percent of these
procedures were performed within 28 days afier admission and 9% afier 28 days.
Angioplasty and bypass surgery were performed in 22% each. Six months mortality rate
for patients with a final diagnosis of unstable angina was 4.3%, 2.1% within 28 days
and 2.2% after 28 days. Non-fatal infarction occurred in 9.6% of these patents, 74%
within and 2.1% after 28 days. Age over 70 years, a history of myocardial infarction,
and ECG changes during pain were identified as independent predictors of death or
myocardial infarction. Male gender, hypertension and the absence of B-blocker use
served as additfonal predictors for mortality alone. For patients with chest pain of other
causes the six month mortality rate was 5% and non-fatal infarction occurred in 2% of
these patients. These results indicate a favourable prognosis of unstable angina, with a
risk for infarction predominantly during the early phase, and a high intervention rate.
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INTROCDUCTION

Patients hospitalised for unstable angina can usually be stabilised during the in-hospital
period. Nevertheless, in spite of initial ’stabilisation’ patients remain at risk for future
events. Progression of unstable angina to myocardial infarction or death within the first
six months has been reported in 5-12% and 3-11%, respectively, of patients admitted
for unstable angina, depending on the selection criteria and the time of diagnosis™®.
Many prognostc studies were performed in early years, when medical treatment was
Himited to nitrates and B-blockers. During the last decade medical wreatment with nitrates
and B-blockers has been extended with the use of calcium-antagonists®®, heparin'®!! and
aspirin'>?. Furthermore, bypass surgery and angioplasty are being used on larger
scale''®. More recent studies have described the prognosis with the use of the newer
drugs, bypass surgery and angioplasty®**2! However, mortality and morbidity
figures in these studies apply to selected patient groups who were treated according to
a fixed study protocol, and few data are available regarding prognosis in unselected
patients with unstable angina.

This study aimed at assessment of the risk of death and myocardial infarction in
patents with unstable angina in present clinical practice. All patients admitted for chest
pain suspected for unsiable angina, without signs of acute infarction or of other diseases
at the time of admission, were followed for six months after admission. Patients were
wreated according to local practice without the restrictions of a study protocol. The in-
hospital clinical course and management stategies were described in the previous
chapter. In this chapter the prognosis up to six months after admission is presented of
patients who were discharged with a diagnosis of unsiable angina, and of those patients
with a discharge diagnosis of myocardial infarction or chest pain of other causes. The
analysis included mortality, morbidity as well as the frequency of revascularisation
procedures after hospital discharge.

PATIENTS AND METHODS

Patients

During a seven months study peried in 1988 and 1989, 417 consecutive patients
admitted for suspected unstable angina to the Thoraxcenter (TXC) of the University
Hospital Dijkzigt or to the Sint Franciscus Gasthuis (SGF) in Rotterdam were included
in the regisoy.

Padents entered the study as soon as the attending physician decided to admit them for
observation of "unstable angina’. This initial diagnosis suspected unstable angina was
based on a history of chest pain at rest or at minimal exertion, probably of ischemic
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origin without signs of acute infarction or of other causes of chest pain. ECG changes
were not required for inclusion. Patients admited for suspected myocardial infarction
were also included as unstable angina when subsequent enzyme levels remained below
twice the normal value. Patients who were referred to the TXC from other hospitals
with a definite diagnosis of unstable angina in order to undergo invasive treatment were
excluded.

Since patients were included immediately upon admission the final diagnosis as
Tegistered 24-48 hours after admission often differed from the initial diagnosis. A final
diagnosis of myocardial infarction (AMI) was determined by analysis of enzyme
changes in 38 patients. Definite unstable angina (UAP), based on evaluation of
symptoms and on the documentation of objective ECG criteria during observation or
exercise testing, was present in 270 patients. Furthermore 12 of the 38 patients with
initial infarction had recumrent anginal pain after 24 hours and were included as post
infarcton unstable angina. A final diagnosis of atypical chest pain or pain of other
causes {other) was made in 109 patients.

Data collection and analysis

In-hospital clinical course and management swrategy were registered. Details are
provided in chapter two.

Follow-yp data after discharge were acquited by review of the clinical records or
through a simple guestionnaire sent to the gemeral practiioner. The occurrence of
myocardial infarction, death or any coronary intervention was recorded until six month
after admission.

Mortality, morbidity and frequency of revascularisation procedures are reported
in relation to the final diagnosis, making a distincton between the in-hospital period and
the time after discharge. Myocardial infarction followed by death was defined as non-
fatal infarction when both events did not occur during the same admission. In case of
fatal infarction only death is reported. For multiple events or interventicns only the first
infarction or procedure is reported in the tables. The period after discharge was divided
in "early’ period, ie. within 28 days after admission, and "laie’, i.e. between 28 days
and 6 months. Combined end points are presented in terms of “survival without
myocardial infarction’ and “survival without infarction or revascularisation’.

Chnical variables known at admission and during the first 24-48 hours (untl the
final diagnosis was made) were examined for z relationship with complications during
six months. Univariate analysis of categorical data was performed using a y-square test
and differences in continwous variables were evaluated with Swmdent’s t-test. The
probability of survival and survival without infarction was estimated using the Kaplan
Meier method. A stepwise proportional hazard model was used to select predictors of
survival. Variables were entered info the model or removed at a significance level of
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0.10. The following variables were considered: age at admission, gender, a history of
myocardial infarction, pattern of presentation of angina (gradual acceleration of angina
or sudden exacerbation), hypertension (blood pressure >165/90 or current treatment for
hyperiension), medicaton at admission, pathologic QRS-complex on the baseline
electrocardiogram, recurrent pain in hospital, and ECG-changes during pain.

RESULTS

After hospitalisation for suspected unstabie angina 411 paiients were discharged alive,
277 with final diagnosis of unstable angina (UAP), including 10 paients with post
infarction angina after initdal infarction at admission, 25 patients with myocardial
infarction (AMI}), and 109 patients with non-specific chest pain or chest pain from other
causes. Follow-up data after discharge were available for 276 patients with definite
unstable angina, for 25 patients with myocardial infarction and 106 patients with chest
pain of other causes. Four patients were lost to follow-up.

Patients with definite unstable angina
Mortality and morbidity
Mortality and non-fatal infarctions during hospitalisation and follow-up after discharge
are summarised in table 3.1, separated for the in-hospital period, early’ (28 days) and
“late’ (28 days to 6 months) after discharge. One in-hospital event occurred after 31
days. Early death occurred in 6 patients (2.1%) and late death in 6 patients (2.2%). Total
six months mortality was 4.3%.

Myocardial infarction occurred predominanily during the first months after
admission. A total of 21 patients (7.6%) developed non-faral myocardial infarciion

Table 3.1.  Number of events in hospital, at 28 days and 6 months in patents with a final
diagnosis of unstable angina (n=282).

in-hospital 28 days 6 months total (%)

events
mortality 5 2 3 12 (4.3)
non-fatal infarction 14 7 o 27 (5.6)
TOTAL patients with events' 19 8 g 36 (12.7)

* 1 death occurred after 31 days. T 1 infarction occurred after 53 days during elective PTCA
for which the decision had been made in-hospital.
T Three patients sustzined non-fatal infarction and died later during follow-up.
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Table 3.2.

Determinants of morality and/or myocardial infarction within six months in
patients with a final diagnosis of unstable angina (n=282).

‘event’ crude adjusted
N (%) RR (95% CD) RR (953% CD)

mortality
age <70 yrs 199 (eA4)} - -

>70 yrs 83 (9.6) 52 (14-21.2) 7.1 (2.0-12.2)
gender femnale 101 GO - -

male 181 5.0 1.7 (0.4-14.5) 5.1 (1.2-22.9)
hypertension no 180 3.0 - -

yes 102 69 26 (0.79.7) 6.2 (1.7-22.5)
history of MI no 201 G.0) - -

yes 216 (6.0) 21 (0763 -
B-blocker use yes! 134 (1.5 - -

no 148 (6.8) 4.8 (1.0-24.2) 7.5 (1.5-38.6)
QRS-complex normal 151 @ - -

abnormal 131 (6.1) 24 (0.65.7) -
AECG during pain no 103 (1.0) - -

yes 179 (6.2) 6.7 (0.9-34.9) 6.2 (0.8-48.3)
non-fatal infarction
ca-antagonist use 0o 304 (6.3) - -

yes 113 (11.5) 19 (0.9-4.3) -
pain in-hospitai no 145 (5.5) - -

yes 137 (13.9) 28 (1.1-7.2) 2.6 (1.2-6.02)
AECG during pain no 103 (6.8) - -

yes 179 (1L.2) 17 (07-47) -
death or infarction
age <70 y1s 199 (0.0 - -

>70 yrs 83 (1%.3) 2.1 (1.0-4.6) 2.0 (1.0-3.78)
history of MI no 133 (9.8) - -

yes 149 (154) 17 (0.8-3.7) -
ca-antagonist use no 191 (11.0) - -

yes 91  (16.5) 1.6 (0.7-3.5) -
pain in-hospital  no 145 (10.0) - -

yes 137  (16.D) 1.8 (0.8-3.9) -
AECG during pain no 103 (1.3) - -

yes 179 (15.8) 22 {09-55) 2.1 (1.0-4.56)

crude rate ratios (crude RR) were estimated by univariate analysis; adjusted rate rados were
calculated with multivariate Cox analysis; 95% CI = 95% confidence interval, test-based.
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Figure 3.1. Kaplan-Meier survival curves in parients with unstable angina for both
hospitals. Six months survival was 96% and survival without infarction was 87%

within 28 days afier admission and 6 patients (2.2%) between 28 days and six months.
Total infarction raie was 9.6% for patients with unstable angina. Three patients died
several weeks after non-fatal infarction. Thus the infarct free survival of patients with
unstable angina was 87% afier six months.

Despite the different management strategies, as described in chapter 2, patients
weated for unstable angina in the two participating hospitals had a similar prognosis.
The Kaplan Meier curves for survival and for infarct free survival are depicted for both
hospitals in figure 3.1. The six month survival was 96.3% and 95.4% for the TXC and
the SFG respectively, infarct free survival at six months was 86.9% and 87.4%.

Univariate analysis revealed age over 70 years, abnormal QRS-complex on the
baseline ECG, and the absence of B-blocker use before admission as significant risk
factors for death, while male gender, hypertension, a history of infarcton and ECG
changes during pain indicated increased risk with confidence intervals overlapping 1
(table 3.2). Patients who died were on average 11 years older than the survivors,
respectively 7246 and 6111 years (meanstSD, p=0.0001). Only one patients died
younger than 65 years, 3 patients were between 65 and 70 years old, and § patients
were older, A history of myocardial infarction as such was not associated with mortality.
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However, all but two patents who died had documented vascular disease before
adrission, either cardiac (previous myocardial infarction), peripheral (CV A, clandication
or kidney disease) or both. In particular 4 of the 5 in-hospital deaths occurred after
myocardial infarction at admission or shortly before admission (post infarct angina), and
one death after discharge was associated with post infarct angina.

Three in-hospital deaths were related to a PTCA procedure (see chapter 2). None
of the patients who died after discharge was teated invasively during or before
admission. One patient underwent PTCA after discharge because of recurrent angina and
died while waiting for subsequent CABG. The relation berween clinical characteristics
and the occurrence of myocardial infarction was weak, and only in-hospital recurrent
pain and ECG changes during pain were significantly associated with subsequent
infarction (table 3.2). Mean age of patients who developed myocardial infarction and
those who did not were respectively 6510 and 61+12 years (p=0.05). More than half
of the patients who developed myocardial infarction were younger than 65 years and
27% older than 70 years.

Stepwise multvariate Cox analysis identified elderly age, male gender,
hyperiension, absence of the use of B-blockers, and ECG changes during pain as
independent predictors for mortality, with wide confidence intervals because of the small
number of deaths (table 32). Recument pain and ECG changes predicted non-fatal
infarction. Survival without infarction was impaired for elderly patients, with a history
of infarcton, and in the presence of ECG changes during pain.

Interventions

A total of 169 patients underwent coronary angiography during the first six months after
admission (table 3.3). Several procedures were performed after discharge while the
decision had been made in-hospital (see chapter 2). The total number of angiography
procedures within 28 days was 135 (48%) and 34 (12%) during the late phase, followed
by revascularisation in 44% of the patients. Fifty of the 63 angioplasty procedures could
be performed within 28 days, whereas nearly half of the bypass operations were
performed after more than one month.

Thirty-two patients {(12%) who were initially discharged without (z decision for)
angiography underwent as yet coronary angiography because of recurrent symptoms
after discharge, followed by revascularisation in 24 patients (9%).

Patents who had undergone a revascularisation procedure in hospital, or for
whom this was decided during hospital stay, had a better prognosis afier discharge than
patients without revascularisanion, since none of these patients died and fewer infarctions
occurred during follow-up. However, the rate of revascularisation procedures during
follow-up was similar for those with and those without in-hospital inifiadon of
revascularisation (table 3.4),
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Table 3.3.  Number of interventions in hospital, at 28 days and 6 months in patents with
2 final diagnosis of unstable angina (n=282).

in-hospital 28 days 6 months tozal (%)

Interventions
Coronary angiography 121 14" 34° 169 (60)
PTCA 45 5 13° 63 (22)
CABG 33 3 251 61 (22)

The numbers in superscript indicate the number of procedures that were performed after
discharge, while the decision was made in-hospital

Table 3.4.  Prognosis of hospital survivors with UAP related w0  in-hospital

revascularisation.

revascularisation no revascularisation total
total 97 17¢ 276
mortality 0 7 7
non-fatal MI 2 10 iz
death or MI 2 * 14 i6
revascularisation 11 24 35

* p=0.04

During the six month follow-up period 124 patients underwent a revascularisation
procedure (table 3.3). Twenty-two of these patients died or developed myocardial
infarction within these six months. After six months a total of 144 patients (51%) was
alive without myocardial infarction and without coronary interventions.

Patients with myocardial infarction and chest pain of other causes

The number of patients with acute infarction was small. Four patients (15%) developed
reinfarction and/or died within six months (table 3.5). One in hospital death occurred
after reinfarction. Coronary angiography and revascularisation were performed in 19%
and 15% of these patients, respectively.

A total of five patients (5%) with “other’” diagnosis at discharge died during
follow-up (table 3.5) including two with a final diagnosis of heart failure and three with
symptoms of non-specific cause. The group of patients with chest pain of other causes
included 46 patients with known coronary heart disease such as previous myocardial
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Table 3.5. Number of events and interventions related to hospital stay, at 28 days and 6
monzhs in patents with myocardial infarction and patients with chest pain of

other causes.
in-hospital 28 days 6 months total
AMI (n=26}
mortality 1 1 - 2 &
non-fatal re-MI' 2 - 1 3 (12)
Coronary angiography 2 2! 1 5(19)
PTCA 1 1 1 3 (12)
CABG - - I 1 &
Other (n=109)
mortality’ - 1 4 5 ()
non-fatal MI' - 2 - 2 @
Coronary anglography - 1 4 5 (5
PTCA - 1 - 1 (1)
CABG - - 2 2 2

AMI = acute myocardial infarction; * One patient sustained non-fatal infarction and died later
during follow-up; ' One late death and both infarctions occurred in patents without a history
of coronary artery disease before admission; The numbers in superscript indicate the number
of procedures that were performed after discharge, while the decision was made in-hospital.

infarction or revascularisation, and 63 patents without a history of coronary disease.
Four patients with previous infarctions died during follow-up. Furthermore, one of 63
patients without known coronary artery disease died of unknown cause 6 months after
discharge, and 2 other patients developed myocardial infarcton 8 and 18 days after
discharge respectively. Neither of them had a cardiac history or showed ECG changes
during hospital stay, although both patients had several risk factors for coronary disease.

In spite of a final diagnosis of "chest pain of other causes’ five patients
underwent angiography during follow-up, two of them after a myocardial infarction and
another three because of recurrent angina. Three of these procedures were followed by
coronary revascularisation.
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DISCUSSION

The in-hospital course of patients admitted to hospital for suspected unstable angina was
favourable, with a mortality rate of 1.4% and infarction rate of 3.8% (chapter 2). This
was similar for both hospitals despite differences in patient population and management
strategy. After six months survival and infarct free survival were still identical. Total
mortality and infarction rate after six months were respectively 6.0%, and 7.7%. In
contrast to most other swdies, the present study inciuded all patients admitted for
suspected unsiable angina. As a consequence patients with a discharge diagnosis of
myocardial infarction, non-specific chest pain or other diseases were included in this
registry. For those patients in whom the diagnosis unstable angina was maintained after
observation in hospital, six month mortality and infarction rates were 4.3% and 9.6%
respectively.

The low mortality Tate in the present registry compares favourably with other
reports™>*51%2% This is particularly noteworthy since 25% of patients were older than
70 years, while in many studies patients older than 70 or 75 years as well as patents
with recent infarction were excluded'>*3101213 92825 Advanced age was identified as
an independent predictor of death or infarction. Other risk factors by muldvariate
analysis were hypertension and ECG changes™**%, while other authors also mentioned
persistent pain, or previous MI'*%2 In this study a history of myocardial infarction
alluded to an increased risk in the univariate analysis, but this association was not
apparent after adjustment for other factors by muldvariate analysis. As in other
studies®*, patients with multiple episodes of recurrent pain and ECG changes in
hospital were at increased risk for development of myocardial infarction. These
infarctions occurred predominantly in the first 28 days, which is consistent with the
observations reported in earlier studies®'%?%, The prognostic factors were calculated for
patients with a final diagnosis of unstable angina. The same models were also calculated
for all patients, which resulted in similar prognostic factors. In addition a separate
analysis was performed to establish which factors could differentiate between death and
mocardial infarction in the 36 patients died or expenenced myocardial infarction.
Advanced age, male gender and the absence of B-blocker use remained in the mode] as
independent detenminants for death in these patients.

The relatively good prognoesis in the current registty may be related to intensive
medical therapy and high intervention rates. After hospital admission 78% of all patients
received either oral or inravencus nitrates, 58% received B-blockers, 33% calcium-
antagonists and 78% of the patients was initially treated with either aspirin or heparin.
For comparison, Mulcahy reported in hospital mortality rates of 3.2% within one month
and 10.1% after 1 year®. Similarly, Theroux reported an infarction rate of 11.9% in
patients treated with placebo whereas this was only 1.9% for patients treated with
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aspirin, heparin, or both'®. Patients receiving B-blockers before admission had a lower
mortality risk (table 3.2) which was in agreement with the need of B-blockers for
wreatment of unstable angina® and secondary prevention as esiablished in other
studies™".

In addition to medical therapy 35% of the patients with a final diagnosis of UAP
underwent a revascularisation procedure, mostly during the hospital period. Similar rates
of zddidonal revascularisaton procedures after extemsive medical treatment were
reported by Cairns and Theroux''?, while others reported lower numbers of 4% and
18% within the first 3-8 months'?,

Patients who underwent or were scheduled for PTCA or CABG in-hospital had
arelatively betier prognosis than those without revascularisation. However, this does not
imply that revascularisation should be performed in all, or most, patents. It should be
noted that despite the favourable course after discharge, the revascularisation procedures
themselves were not free of risk, nor was this therapy fully satisfactorily in a number
of patients. Three in-hospitals deaths and seven infarctions were related to interventions
(chapter 2). Eleven patdemts (11%) underwent a new PTCA or CABG after initial
revascularisation in hospital.

The group of patients not revascularised included elderly people and patients who
were not sultable for PTCA or CABG because of anatomical reasons, either known
before admission or found during in-hospital angiography, or because of concomitant
diseases (44%). On the other hand this group also comprised patients whose symptoms
were not severe enough to warrant revascularisation therapy (56%). In fact this group
represents the patients at high risk for complications in combination with the patients
with the mildes: symptoms. Seven of the 14 patients who died or sustained myocardial
infarction belonged to the high risk group in whom revascularisation was judged to be
not suitable.

The current management of unstable angina resulis in a favourable progriosis. Six
months after admission for unstable angina 87 percent of the patients survived without
myocardial infarction, while 50 percent had an uncomplicated course with medical
therapy alone. Patients discharged with a diagnosis of chest pain of other causes had a
good prognosis, although still 5 percent had died and two perceat had developed
myocardial infarction after six months, This was partly due¢ to the presence of carlier
cardiac disease, but myocardial infarction occurred in patients without any history of
corcnary disease.
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ABSTRACT

Medical services are being used in different rates between countries and regions. The
use of coronary angiography in patients with unstable angina differs with a factor 2
to 4. We examined the management strategies in two hospitals that differed with
Tespect to angiography faciliies and served a different patient population. Patients in
the hospital with angiography facilites where younger and had a more severe history
of coronary artery disease. Data of a prospective registry of 314 patients admitted to
the two hospitals were analyzed in order to explain an observed difference in
angiography rate berween both hospitais. Anglography was performed more often in
the hospital with angiography facilides (crude odds ratio: 2.3 with 95% confidence
interval of 1.4-3.7). Multivariate znalysis identified the following clinical variables as
independent predictors for angiography: age under 70 years, hypercholesterolemia,
progression of angina, multiple pain episodes, B-blocker or calcium-antagonist use
before admission, ST-T deviations on the baseline ECG and ECG changes during
pain present at admission. When corrected for the patent characteristics the odds
ratio for hospital was lowered to 1.8 but still significant. Examination of interaction
terms of climical characteristics and hospitals reveazled no indication of different
interpretation of these variables between physicians in each hospital.

Thus, the difference in angiography rate for unstable angina could be explained
in part by a difference of patient population and of hospital resources, but not by a
difference of the physicians’ assessment of patient characteristics.
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INTRODUCTION

Delivery of heath care services varies considerably among countries and regions™.
For example, rates for coronary angiography differed two to fourfold between areas
in recent studies from the USA and The Netherlands™. Variation between practices
can be explained by a difference in patient populations™, by the lack of consensus
on indications for particular services because of insufficient knowledge about
treatment outcomes®’, and by the (limited) availability of resources™®. However, the
relative contribution of these factors is often unclear.

Considerable differences were observed in teatment of patients with unstable
angina between two hospitals in the same city (chapter 2). Treatment of unsiable
angina is directed to the relief of symptoms and to prevention of recurrent ischemic
¢pisodes or progression to infarction or death. Initially, hospitalization and medical
treatment is recommended for these patients’. In 80-90% of patients, the unstable
siwation can be stabilized by combination therapy with various drugs'®™. In case of
failure of medical therapy physicians agree about the need for (urgent) angiography
followed by angioplasty or bypass surgery, if feasible™™'*. Also coronary angiography
is often recommended for patients who stabilize on medical therapy, either to
confirm the diagnosis or to assess whether the patdent may benefit from angioplasty
or bypass surgery™*'>',

In order to examine the differences in management strategy in patients with
unsizble angina data were analyzed from two hospitals, one with and one without
facilites for angiography and coronary interventions. Special atiention was paid t0
the decision to initiate coronary angiography, because this is the key decision in
view of subsequent angioplasty or bypass surgery. The analysis was directed to
answer the questions: 1) which clinical variables do doctors respond 10 when they
make a decision about angiography and interventions; 2) do doctors at the two
hospitals respond differently to clinical variables; and 3) how much practice variation
is explained by the difference in the patienis” characteristics at the two hospitals, by
differences in how doctors respond to those characteristics, or by other factors, such
as the availability of angiography facilities.

PATIENTS AND METHODS
Study site
Two hospitals participated in a prospective registry of patients with unstable angina:

the Thoraxcenter (TXC) of the University Hospital Rotterdam and the Sint
Franciscus Gasthuis (SFG) in Rotterdam. The TXC is a teaching hospital with in-
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house facilities for coronary angiography. angioplasty, and cardiac surgery. The SFG
is a large community hospital without in-house angiography laboratory. Patients are
transported for diagnostic angiography procedures, either to the TXC or to another
hospital in Rotterdam. In both the TXC and the SFG usuaily several physicians
(staff, residents) are involved in the decision making process.

Patient selection and definitions

Consecutive patients admined for chest pain, suspected of unstable angina, without
electrocardiographic signs of acute infarction and without signs of other causes of
chest pain were included in the registry. The admission diagnosis suspected unstable
angina was made by the physician on duty. The presenting symptoms were classified
as pain of recent onset (within the last four weeks), pain progressive in frequency or
duration, and pain at rest. Type of onset of the present episode was described as
*sudden’ (without previous acceleration) or “progressive’ (gradually accelerating of
pre-existing angina). ST-T changes or other ECG abnomalites were not required for
inclusion. A final diagnosis was made after evaluation of in hospital symptoms,
electrocardiograms, and cardiac enzyme assays. Three categories of the fimal
dizgnosis were distinguished: myocardial infarction (AMI), unstable angina (UAP),
and other causes of chest pain.

Myocardial infarction was defined by serum <reatine kdnase levels above twice
the upper limit, in additon to typical chest pain, and/or compatible ECG changes.
Other causes included non-cardiac illnesses or chest pain of other cardiac- or
uncertain etdology.

Patients with a definite diagnosis of unstable angina referred from other
hospitals for further treamment in the TXC were not included in the registry. For the
comparison of sirategies between the two hospitals, patients oider than 80 years were
excluded, as well as patents with an infarcton within the last four weeks or with
angioplasty or bypass surgery within the previous six months.

Analysis of the data

Univariate analysis

Univariate analysis of the baseline characteristics, the in-hospital course and the
applied mode of treztment was used to compare patients and management strategy in
both hospitals. Differences were ested by Student’s t-test for continuous variables
and by chi-square test for discreie variables.

Multivariate analysis

In order to correct statistically for the variable case-mix, muitivariate models were
built 1o describe the relation between clinical variables and the decision to initiate
coronary angiography or to discharge and continue medical weamment. The selection
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of clinical variables was based on the results of the univariate analysis. Differences
in policy, or physicians’ assessment of climical characteristics, between hospitals
were then analyzed using interaction terms. Hospital was also used in the model as a
main effect, to test the hypothesis of a different threshold for angiography in each
hospital. To study the impact of chnical course during admission, such as recurrent
pain episodes in hospital and the aming of these pain episodes as well as of the
eventual decision, the same data were used to test this hypothesis with a proportional
hazards model for competing risks.

LOGISTIC REGRESSION

A logistic regression model was built using patient characterisics available at
admission. The following wvarlables were used: age under 70  years,
hypercholesterolemia (cholesterol more than 6.5 mMol/L), diabetes mellitus,
smoking, gradual progression of angina (vs sudden omnset or sudden increase of
previously stable symptoms), muliple pain episodes during 24 hours before
admission, use of B-blockers or calcium antagonists prior to admission, QRS
abnormalides -and normal ST segment- on the baseline ECG (pathologic Q-waves,
signs of left veniricular hyperwophy or of intraventricular conduction disturbances),
ST-T deviation -and normal QRS complex- on the baseline ECG, both QRS- and
ST-T abnormaliges, and the absence of ST-T changes while pain still present at
admission (as opposed to the presence of ST-T changes during pain or the absence
of pain or a pain ECG). All variables were coded as indicator variables, which
assume the value 1 if the property at issue 1s present and O if otherwise. The hospital
variable was coded 1 for the TXC and 0 for the SFG.

After such 2 model was built, we tested the hypothesis of different judgment
strategies by testing all interaction terms of hospital and the respective climical
characteristics for significance, using the generalized likelihood ratio test statistc. If,
for example, the presence of multiple pain episodes in the 24 hours interval prior to
admission had been selected in the first stage, we iested whether the coefficient for
this term had significantly different values in one hospital compared to the other.
Interaction terms were tested in 2 siepwise inclusion strategy, selecting the one with
the largest contribution to the likelihood first. After this stepwise procedure, we
tested whether the addifion of the hospital as a single term in the regression equation
ied to a significant improvement of the likelihood. If any of the interacton terms
was included in the regression equation, we would conclude thatr judgment of the
importance of patient characteristics differed between the two hospitals. If the
hospital was inciuded in the model as a2 main term, it would be interpreted as a
lower threshold for ordering angiography and interventions in one of the hospitals.
PROPORTIONAL HAZARDS MODEL
The same three questions concerning the origin of the difference in angiography rates
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between hospitals were also swdied using proportional hazards regression. In this
case the data were studied as if they were competing risks data'®. This means that the
hazard, or the inclination of the physician at any moment in time, that a decision will
be taken in a particular patient in a particular hospital - hours after admission is
modelled as 2 surn of two hazards, each one related o the outcome of the decision:
hazard {decision; h, patient, hospital} =
hazard (angiography; h, patient, hospital) + hazard (discharge; h, patient, hospital)
We assume that at cach point in time, ~ hours after admission, a choice may be
made between two decisions: either to initiate angiography in order to prepare an
intervention (the first componens) or to discharge the patient on medication, without
ordering angiography (the second component). The "hazard” in this case can be
interpreted as the cardiologists’ inclination to make either decision. The higher the
overall hazard at & hours, the more likely it is that a decision will be taken at that
time. The relative balance between the hazard for angiography and the hazard for
discharge denotes the more likely direction of the decision, if any. If for a patient
with a specified profile the hazard for discharge is relatively high compared to that
for anglography, the cardiologists in that particular hospital seem more inclined
towards discharging on medication without coronary intervention.

Using proportional hazards modelling, regression cquations were defined 1o
model each of the two components of the hazard:

Aangiol Xy %, h05P) = Ao a(R) * exp(Byx; + BypXp +..+ By, + Y.hosp)

Adisen{PX;. X, 008D = Ay (B) * exp(ByX; + ByXs +...+ ByX, + Yihosp),
where A (k) indicates the baseline hazard for each of the decisions at time A The
expression B.x; + B.x;, +...+ B x, + Yhosp’ indicates the risk funczfon for a patient
with a specified set of characteristics in one of the hospitals. The coefficients
(B,..8,Y), indicating the weight of the terms in the risk function, depend on the type
of the decision and may be different for each hospital. A posidve coefficient B
indicates that for a patient with characterisdc x; present it is more likely that the
decision for angiography will be made compared to patients with x; absent. A
negadve coefficient means the opposite. Similarly 2 positive coefficient 8, indicates
that for 2 patient with characteristic x; present it is more likely that the decision for
discharge will be made compared to patients with x, absent, and a negative
coefficient means the opposite.
This proportional two-component hazards approach has two advantages: it allows us
to correct statistically for unmatched in-hospital histories (recurrent pain episodes and
ECG changes during pain), in addition to the differences in patient characteristics at
admission. Furthermore, it allows us to stedy the relaton between the inclination to
order angiography and the availability of relevant facilipes over ume, after
admission.
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Recurrent pain was introduced as a time-dependent variable (see appendix).
This means that once pain recurs, one, or both components of the hazard rate are
multiplied by the relative risk factor. Since this effect on the hazard probably does
not remain constant over time, it i hypothesised that after some time the hazard will
return to its initial value. Several models were compared to explore the time elapsed
until this 'normalisation’ has taken place. Using the likelihood as a criterion, the
approach was seiected which best fitted the data.

The same three-stage strategy discussed for logistic regression was used. In the
first stage a model was built to correct statistically for the difference in case-mix.
This resulted in two sets of variables with corresponding coefficients: one set of
variables for the hazard for angiography, another for the hazard for discharge. If a
variable conmibutes to the inclination to make a decision, its contribution to the
hazard for angiography is not necessarily related 1o its contribution to the hazard for
discharge and vice versa. It may very well be that a patient characieristic increases
the inclination to order angiography, without affecting the inclination to discharge
without angiography. In 2 second stage, all interactions of the selected variables with
the hospital variable were tested in a2 siepwise stategy. In the third stage, the
threshold hypothesis was tested by adding the hospital term to the model.
Comparison of the proportional hazard models with the actual angiography rate

After derivation of the models the risk functions were calculated for each
individual patient, resulting in two scores, one for angiography and one for
discharge. Both set of scores were ranked from the lowest to the highest score. For
each score, patients were assigned to four groups, according to the quartiles, leading
10 a total of 16 possible groups. For each group the percentage of anglography
procedures actually performed was calculated. '

RESULTS

During the study period a total of 417 patiems were admitted for suspected unstable
angine in the two hospitals. Seventy six patients were excluded from this analysis, 23
patents because of advanced age, 33 with post infarction angina, and 2C patients
because of recent revasculaxization procedures. Thus 341 patdents were available for
the present analysis, 118 patients in the Thoraxcenter (TXC) and 223 patients in the
Sint Franciscus Gasthuis (SFG).

Baseline characteristics

Patient characteristics at admission are listed for each hospizal in table 4.1. Patients
in the TXC were on average 2.3 years younger than in the SFG, had a more severe
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Table 4.1 Baseline characteristcs

Total TXC SFG
n=431 n=118 n=223
n (%) n (%) n (%)
age = 70 years 93 27 20017 7333 f
male 126 (66) 77 (66) 149 (67)
previous history of
unstable angina 76 (22) 40 (34) 3616 T
myocardial infarction 140 (41) 57 (49) 83 (37 *
angiography 96 (28) 53 (45) 4309 ¥
angioplasty 31 O 23 20 8§ &
bypass surgery 53 (16) 29 (25) 2411+
hypertension! 123 (36) 54 (46) 69 31) ¥
diabetes mellitus 40 (12) 16 (14) 24 (11)
hypercholesterolemia® 51 (1% 312D 20 @ f
smoking® 120 (33) 40 (34 80 (36)
positive family history* 124 (36) 51 (44 73 (33) *
medication before admission
long acdng nitrates 83 (24) 37 (32) 46 (21) *
B-blockers 128 (30) 32 (44) 76 (34)
calcium antagonists 92 (27) 46 (39) 46 21)
platelet inhibitors 55 (16) 15 (13) 40 (18)
pain before presentation®
none 108 (31) 35 (3D 72 (32)
< 4 wecks, progressive 81 26) 22 (18} 69 (31)
> 4 weeks, stable 63 (18) 26 (25) 34 (15
> 4 weeks, progressive 79 (23) 31 27 48 (22) =
baseline ECG
QRS
Q-wave 92 (2D 41 (35) 51 (23)
IV-conduction disturbance® 31 (9) 14 (12 17 (8)
left ventricular hypertrophy 18 5 LI 10 (4)
none of above 200 (39) 55 (46) 145 (65) *
STT-abnormalides 175 (51 66 (56) 109 (49
ECG during pain
ECG recording during pain present 180 (53) 52 (43) 127 (57)
ST-T changes 108 (32) 33 (28 75 (34
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Table 42 In-hospital course

Total TXC SFG

n=341 n=}18 n=223

n (%) n {(%0) n (%)
Clinical course
recurrent pain 154 (45) 52 (44) 102 (46)
multiple pain episodes 85 (25) 27 (23) 58 (26)
ECG changes during pain 104 30y 322N 72 (32)
Interventions
medication
oral nitrates 65 (19 49 (42) 16 () *
intravenous nitrates 198 (38) 45 (38) 153 (69) +
B-blockers 184 (57) 68 (58) 126 (57)
ca-antagonists 106 (31) 47 (40) 59 (26) *
platelet inhibitors 117 (34) 10 (] 107 (48)
heparin 232 (68) 73 (62) 139 (71)
exercise test 175 (51) 49 (42) 126 (57) ¥
angiography 105 (31) 50 (43) 5525 =
PTCA 37 (D 20 (17 17 8 *
CABG 38 (1D 17 (14) 22 9
Final diagnosis’
AMI 34 (10 13D 21 (9
UAP 211 (62} 78 (66) 133 (60)
Other 96 (28) 27 (23) 6% (3L

(tables 4.1 and 4.2}

* p<0.05 1 p<C.0l; TXC=Thoraxcenter; SFG=Sint Franciscus Gasthuis; ' blood
pressure > 160/90 or current treatment. © serum cholesterol >8.5mmoll or current
treatment with cholesterol lowering drugs. ° current smoking or smoking until less than a
year ago. * infarct or cardiac death at age under 60 in first or second degree relative.

° none=no pain before present episode; < 4 weeks=pain for less than four weeks with
progression; > 4 weeks, stable=chronic stable chest pain before admission without
acceleration before present episode; > 4 weeks, progressive=chest pain present for more
than four weeks with gradual acceleration. © [V=intraventricular.

7 AMI = acute myocardial infarction; UAP = unstable angina pectoris; Other = non-
cardiac or non-specific chest pain.
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history of coronary artery disease and a longer history of symptoms. However, there
was no difference in signs of acute ischemia on the electrocardiogram at admission.
A history of either unstable angina, myocardial infarcion or revascularisaion was
present in 60% of the patients in the TXC and in 43% of the patents in the SFG
{p=0.003). This is compatible with the difference in risk factors for coronary disease,
and explains the difference in medication before admission between the hospitals.

In-hospital course and management

Despite the differences at admission the clinical course in-hospital was similar in
both hospitals with respect to recurrent pain and ECG changes. Also the distribution
of final diagnoses after observaton was similar in both hospitals (table 4.2).
Nevertheless, the management differed between hospitals, particularly with respect to
medical therapy, the use of exercise testing, and the frequency of angiography and
interventions.

Nitrates were predominantly administered intravenously in the SFG, with
supplementary B-blockers and both aspirin and heparin, while oral nitrates were
prescribed more often by physicians in the TXC. The number of antianginal dmgs
(nimates, 8-blockers and calcivm antagonists) was similar.

Table 4.3 Management strategies in each hospital in relation to angiography.

TXC SFG
angio discharge angio discharge
n (%) n (%) n (%) n (%)
<2 antianginal drugs § (21) 31 (79) 15 (16) 78 (84)
=2 andanginal drugs 42 (53) 37 {(47) 39 (30) 91 (71}
additdonal medication
none 27 (3%) 56 (67) 23 (14 137 (86)
oral medication 13 (54) 11 (46) 11 (31) 24 (69)
iv-medication 10 (91) 1 & 21 (75) 7 (25)
no exercise est 39 (57 30 (43) 43 (44) 54 (56)
exercise test 1122 38 (78) 12 (1) 114 (30)
pain during test 6 (43) &N 8 (40) 12 (60}
ECG changes 9 (39 14 {61) 12 (24 38 (76)

TXC = Thoraxcenter; SFG = Sint Franciscus Gasthuis; angio = decision for angiography
and interventions; discharge = decision for discharge without coronary interventions.
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Figure 4.1. Management in each hospital expressed as the decision "anglography” (angio)
or 'discharge without angiography’ (discharge) in relation to the tme since hospital
admission. The white area represents the proportion of patients for whom no decision has
been made yet at each moment in time. The upper and lower grey areas represent the
proportion of patients for whom the decision "angiography’ or "no angiography’ has been
made. Decisions made after exercise testing (X-test) are indicated in the lighter areas.



In patients who were stabilised with medical eatment an exercise test was
performed to assess the level of exertion and to evaluate the effect of medication
before discharge. Exercise testing was used less often in the TXC than in the SFG,
but more ests were positive (pain or ECG changes during the test) in the TXC (table
4.3). After the est more angiography procedures were ordered in the TXC than in
the SFG, especially when ECG changes were present during the test

The angiography rate was higher in the TXC, especially for patients treated
with multiple anti-anginal drugs and for patients who needed additional medication
after recurrence of pain (table 4.3). Furthermore the decision for angiography was
made earlier in the TXC. Figure 4.1 shows the proportion of patents for whom a
decision to initzite angiography, "angiography’, or the decision to discharge on
medical reatment, 'discharge’, had been made in the course of dme. The median
ame untl the decision for angiography was made was 1 day (range 0-8.5 days) in
the TXC and 3 days (range 0-12 days) in the SFG. The time unti] the decision to
discharge was similar in both hospitals, with respective median times of 3.0 and 3.5
days in the TXC and the SFG.

The angiography decision

Detailed analysis of the difference in angiography rates between both hospitals was
performed with two multivariate analyses.

1. Logistic regression

The contribution of clinical variables known at admission to the decision to imitate
angiography was explored in a logistic regression model. The decision to perform
anglography was made more often for patients with the following characteristics: age
under 70 years, hypercholesterolemia, progression of angina, multiple pain episodes
before admission, the use of antianginal medication before admission, ST-T
deviations on the baseline ECG and ST-T changes during pain present at admission
(table 4.4). No interaction terms of clinical variables and hospital were selected.
Thus, overall there was no difference in judgement of the imporiance of clinical
variables between physicians in one or the other hospital. The hospital as a main
effect variable was included into the model, indicating a difference in threshold for
ordering angiography. The crude odds ratio for angiography was 2.25 (95% CI 1.4-
3.7). Statistical correction for the difference in patient population changed this odds
ratio to 1.8 (table 4.4).

2. Proportional hazards model

Results of the proportonal hazards amalysis of the association between patient
characteristics and the physicians’ inclination at any moment in time to perform
angiography or to discharge without angiography, are given in table 4.5. Resulis are
presented as hazard rate ragos, after exponental transformation of the coefficients
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Table 4.4 Association between clinical characteristics and hospital with the decision
for angiography.

angio crude adjusted
N (% OR (95% CI) OR (95% CI)

admission variables

age = 70 years 93 (20 - -

< 70 years 248 (35 22 1241 1% 1.0-3.8
hypercholesterolemia

no 290 (26} - -

yes 51 5T 37 1871 21 1044
progressicn of angina

no 171 (19 - -

yes 170 (43) 33 1835 3.0 1752
> 3 pain episodes during last 24 hours

no 298 (27 - -

yes 43 (38) 37 1872 27 1258
use of B-blockers or ca-antagonists before admission

ne 171 (19 - -

yes 170 (42) 3.1 1.8-5.1 28 1649
abnormal STT on baseline ECG, normat QRS

no 255  (26) - -

yes 86 (45 23 1.3-36 19 1.1-35
ECG changes during pain or no ECG recording during pain

no 72 (18) - -

yes 269 (34 2.3 1.2-47 25 1150
hospital

SFG 223 (25) - -

TXC 118 (43) 23 1438 1.8 1031

Seven variables, known at admission, were retained in the model with independent
association with angiography. Afiwer selecuon of the clinical variables the hospital term
was added and served a significant determinant for angilography after adjustment for
clinical characteristics. Crude odds ratos (OR) were estimated by univariate analysis;
adjusted OR were calculated with muldvariate logistic regression; 95% CI = 95%
confidence interval, test-based.

(B,..8,). Two sets of hazard rate ratios are reported, one for the angiography decision
and one for the discharge decision. A hazard rate ratio greater than one indicates an
increased inclination to make the respective decision, while a hazard rate ratio less
than one indicates a decrease of inclination. For example, age under 70 years is
associated with an increased inclination to decide for angiography. This means that,
conditional on the other characteristics in the model, a decision for angiography will
be made more often for younger patents, compared to elderly patients.
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Thus the decision for angiography will be made more often in patients younger
than 70 years, with a history of progression of angina before admission and multiple
pain episodes in spite of use of S-blockers or calcium antagomists, with ST-T
abnormalites on the baseline ECG, with one or meore recurrent pain ¢pisodes in
hospital, and with accompanying by ECG changes. On the other hand for patients
with nausea at admission and abnormal QRS complex on the baseline ECG, both
characteristics which are often associated with infarction or other disease, the
decision for angiography is less likely.

Table 4.5 Association between patient characteristcs and hospital with the inclination
over ame to decide for angiography or to decide for discharge without

angiography.
angio discharge
HRR 95%-CI HRR 95%-CIL
admission variables
age under 70 years 2.1 1.2-3.6 -
hypercholesterolemia - 0.6 0.4-1.0
progression of angina 24 1.6-3.8 -
use of B-blockers or ca-antagonists 22 1434 07 0.5-09
>3 pain episodes during last 24 hours 14 0822 -
nausea 05 03009 -
BASELINE ECG
abnormal 3TT, normal QRS 1.5 0925 6.7 05-10
abnormal QRS, normal STT 0.7 0.3-1.4 0.6 0.4-1.0
abnormal QRS & STT 04 0207 07 03409
no ST-changes while pain present - 1.5 11-2.0
in-hospiral variables
or of pain within last 24 hours
1 26 1.643 0.6 (411
2 435 2291 -
3 172 6.4-46.5 -
ECG-changes during pain 25 1.6-3.8 04 0.3-0.6
hospiral
TXC vs SFG (first 36 hours) 74 37-150 -

HRR (hazard rate ratio) : inclination over time for the respective decision, given the
presence of the characteristic divided by the same inclination given the absence of the
charachteristic; estimated by exponental transformation of the coefficient of the relevant
characteristic in the proportional hazard models; 95% CI = 95% confidence interval, test-
based.
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Cardiologists were more inclined to decide for discharge without angiography if
ECG changes during pain at admission were absent Factors influencing the
inclination for discharge decisions negatvely were known hypercholesterolemia,
B-blocker or cazicium antagonist use, abnormal baseline ECG, and recurrent pain or
ECG changes in hospital.

There was 2n increased inclination for angiography in the Thoraxcenter, even
after cormrection for the patient characteristics mentioned above. The hospital site did
not affect the inclination for discharge. The proportonality assumption of the
proportional hazard model was checked for the hospital variable. As can be seen in
figure 4.1 the rate of angiography was higher in the TXC, particularly during the
first days. This was confirmed by allowing the effect of the hospital site in the model
1o vary over time. If no decision was reached in the first 36 hours the difference
between the two hospitals disappeared.

Comparison of the proportional hazard models with the actual angiography rates.

In figure 4.2 the proporton of acrually performed angiography procedures is depicted
for patients within each quartile of angiography score and within each quartile of
discharge score. It shows that in patients within the same quartile of angic score the
decision for angiography was made more often with decreasing discharge score.
Otherwise within the same guartile of discharge score, the decision to perform
angiography was macde less often when the discharge score increased.

Anglography 7%

100 1o
S50 S0
O SO
20 O

20 To

Figure 4.2. Percentage of angiograpgy performed in patients with low scores (QI),
intermediate low (Q2), intermediate high (Q3) and high (Q4) scores for angiography and
discharge, respectively.
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DISCUSSION

The management strategy applied to patients with unstable angina was studied in two
hospitals in Rotterdam, that differed with respect to the patient population served, the
availability of resources, and teaching responsibilities. Both statistical models
revealed a basic difference in management strategy between the two hospitals. This
difference was most apparent with respect to the use of diagnosic procedures, while
therapeutic measures were similar. In the hospital with in-house catheterisation
facilies the proportion of exercise tests was lower and of angiography procedures
higher, Medical therapy was similar in both hospitals, as were the proportions of
revascularisation procedures afier angiography.

Several clinical characteristics could be identified as independent predictors for
subsequent decisions by either model. In fact the resuits obtained by both models
were remarkably similar, which supports the validity of the observations. People of
younger age were referred to angiography earlier and more often'’. Progression of
angina and the presence of multiple pain episodes were interpreted as indications of
severe angina™’®, and increased the hazard for angiography. In the same way the
level of medication and the presence of ST deviations on the baseline ECG increased
Inclination for the decision to initate angiography. The presence of nausea imphes
infarction or other non-cardiac discase™, and delayed the decision and lowered the
hazard for angiography. QRS abnormalities on the baseline ECG delayed the
decision without giving direction to either of the two decisions. This property
indicates earlier infarction and complicates the decision making process. Finaily
when 2 normal ECG was present during pain at admission, the situation was judged
as mild and these patienis were sent home in an early phase. The presence of
hypercholesterolemia increased the odds toward angiography in the logistic model,
and reduced the inclination for discharge without angiography in the proportional
hazards model. It was tested whether this surprising finding was a proxy of known
coropary ariery disease, but neither the presence of a previcus infarction, nor earlier
revascularisation procedures were associated with hypercholesterolemia. Possibly,
symptoms are imerpreted in a different manner, and more often as a sign of coronary
disease in the presence of this risk factor™.

None of the interaction terms was included into either model, suggesting that
clinical variables were judged similarly by physicians in both hospitals. The hospital
site was stll an independent predictor for coronary angiography, even after
adjustment for differences in chinical characteristcs.

Wennberg has suggested that variation in practice styles derives from lack of
consensus and from diversity of accepied opinions on the need and value of
alternative meatments™. Other studies do not confirm this idea®*. Contrary to belief
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that populaton differences are not related to variation of medical services™® our data
suggested the opposite. The relation between a number of patient characteristics and
the decision for angiography persisted after adjustment for other patiemt
characteristics and for hospital site. Thus, although we found a difference in
threshold for angiography between the two hospitals, physicians did attend to clinical
variables when making decisions.

The exercise test was used more selectively in the presence of a catheterisation
laboratory. An exercise test was ordered less often in the Thoraxcenier and was
followed by angiography in a larger proportion of patients. This implies that the
exercise test played a different role in each hospiwml. In the Thoraxcenter the test
served as an intermediate argument to decide whether or not to proceed 1o
angicgraphy, whereas in the Sin Franciscus Gasthuis it was more often used as an
evaluation of the status of a patient before discharge.

Comparison with other studies

Variability in use of diagnostic measures has been described with respect to different
regions?, different specialides®” as well as different practice settings™. Conti'
compared data of 111 patients admitied for unstable angina in 2 University hospital
and interviews with cardiclegists in a community hospital, which revealed a higher
angiography tate in the community hospital. Similarly, Hlatky et al’ reported a
higher rating of the need for coronary angiography by community cardiclogists when
reviewing cas¢ summaries, These reports seem to contrast the findings of the present
study. However, the before mentioned swmdies did not mention explicidy the
availability of angiography facilities in the different practices, which was the major
difference between the two hospitals in the present study. In fact, it is likely that the
financial rewards of angiography in private practice in USA hospitals may have
contributed to 2 tendency toward angiography and intervention in that setting.

Limitations of this investigation

Data were coliected prospectively in order 1o achieve a complete database with equal
information for all patients. However, no detailed information was collected on the
type of pain, and no attempt was made to decide In an objective manner whether the
symptoms were typical for angina or not. In the present study the decisions of the
physician on duty at the time of admission and those of the hospital staff during
admission were accepted at face value. It was appreciated that the history was
sometimes Interpreted differently at different dmes by the various physicians who
were involved with the decision making process. Nevertheless, this approach was
chosen because we were interested in the factors which conuzibuted to the medical
decisions, and less in the correciness of the decisions per se.
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The multivariate analyses were confined to patent characteristics only.
Although the level of medication and the results of an exercise test were important
factors for the subsequent decisions, they were omitted from the models because of
the nature of this information. In fact these factors are intermediate decisions made
by the same physicians who eventually decide whether t¢ order angiography or not,
and are likely to be influenced by the same patients characteristics as the final
decision to perform or mot to perform angiography. Therefore, inclusion of these
variables would dilute the weights of the patient characteristics in the analysis.

The present analysis provides information on hospital-based utilisation rates.
The presenied rates represent the average rate of the physicians in each hospital, and
do not supply information about individual clinical decisions. Neither were
differences in weights of patient characteristics between physicians considered.
Statistical analysis of these data did not reveal a difference in judgment of the
importance of clinical characteristics. Furthermore, other factors than those in the
models, may have played a role in the decision making process, and were not
accounted for in the analysis.

Quality of care

A vial question is whether the difference in practice between hospitals implicates a
difference in quality of care. The most important measure for quality of care is
mortality and infarction rate, and no difference in this outcome was observed either
with or without statistical correction for differences between the patent populations
(chapter 3). Although the rates of angicgraphy differed, the findings during
angiography and the decisions for imterventions after angiography were similarly
distributed. Thus the more restricied use of angiography in the Simt Franciscus
Gasthuis did not result in selection of a subset of patients with more advanced
coronary disease. Less frequent use of angicgraphy and coronary interventions will
reduce the number of complications due to performing an invasive procedure, but
may also identify fewer patienis with severe coronary artery disease who may benefit
form subsequent revascularisation. We therefore cannot determine whether the more
aggressive or the more conservative approach represents the best quality of care for
these patients.

Conclusion

The observed difference In angiography rate between two hospitals can be atibuted
to differences in patient populations and in availability of facilities for angiography
and interventions, and not by different judgment of patient’s characteristics.
Angiography was performed more ofter in younger patients, with known
hypercholesterolemia, who present with a progression of angina and multiple pain

04 CHAPTER 4



episodes prior to admission and with ECG deviations, and are already treated with B-
blockers or calcium antagomists, After adjustment for patient characteristics the
hospital site was stll an important factor, associated with the decision for
angiography. However, this effect was most prominent during the first 36 hours after
admission. Thus the decision to perform angiography was made rapidly early after
admission in the presence of angicgraphy facilities. When the decision had not been
made in the first 36 hours then physicians in the Thoraxcenter followed a similar
policy as physicians in the Sint Franciscus Gasthuis.

APPENDIX

Definition of time dependent variables.

The effect of recurrent pain in hospital on either hazard was modelled as one where
the occurrence of pain acts directly on the hazard rate®. This variable was therefore
included as a time-dependent vaniable and the covariate function for each decision
becomes

Aangiollhx s X hosp) = Ag(h) * exp(Bix; + Bx, +...+ B.x; + Yhosplexp(8Y*g{+-T})

where g{t+-T} is some function of T, the failure time of the pain to occur, with
g{t-T)=0 for =T and Y=] if pain occurred and Y=0 otherwise. Thus if g is such that
g{0}=1 the model assumes that the respective hazard rate is multiplied by exp(@) on
the recurrence of pain. The functional forms of g can be considered as an immediate
increased risk which remains thereafter or, alternatively, a temporary increase of the
hazard which disappears after some time.

Table 4.6 Values of Log-Likelihood (Logl), the hazard rate ratic (HRR) of recurrent
pain in-hospital with 95% confidence interval (CI) for each hypothesis
adjusted for covariates age, clinical presentation, medication and ECG.

anglography discharge

Logl HRR (95% CI) Logl. HRR (95% CI) Z(LogL)

T= 6 hrs -468.76  3.14 (1.9-5.2) -106595  0.33 (0.1-1.0) -1534.71
T=12 hrs -466.84 2.26 (1.4-3.7) -1064.60  0.35 (0.2-0.8) -1531.44

=24 hrs -464.09 257 (1.6-4.1) -1065.43 0.62 (0.4-1.0) -152%.52
T=36 hrs -463.80 223 (1.4-3.7) -1066.21  0.67 (0.4-1.1) -1530.01
T=48 hrs -462.65 1.95 (1.2-3.3) -1068.07  0.87 (0.6-1.3) -1531.72
T=unlimited -466.97 1.41 (0.8-2.5) -1068.18  0.94 (0.7-1.3) -1535.15

T=x hrs: various time pericds of the effect of recurrent pain wpon the hazard fuations for
the decision to perform angiography and for discharge without angiography, respectively.
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To test the hypothesis that the effect of pain on the hazard rate was a temporary
increase, the duration of this effect was explored in various models varying the time
period from 6, 12, 24, 36, 48 hours to continuous effect after the occurrence of pain.
The results are described in the table. For both ’angiography’ and ’discharge’ the
LogLikelihoods are reporied for the models including all other variables mentioned
in table 4.6 and the hazard rate ratio for the recusrence of pain in-hospital. The sum
of both values of the Loglikelihood represents a measure of fit of each model. The
higher the total LogLikelihood, the better the fit. This means that the best description
could be made by considering the occurrence of pain within the previous 24 hours.

In a2 similar way it was hypothesised that the effect of the hospital site upon the
inclination at any moment in time to decide for anglography was most prominent
immediately after admission and declined after some time. A series of models where
compared where the hospital effect was allowed to differ before and after 12, 24, 36,
48 and 60 hours. According to the likelihcod criterion the hospital effect had
disappeared after 36 hours.
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ABSTRACT

Definitions of unstable angina and management sirategies vary in different reports.
Twenty cardiologists were interviewed in order to explore arcas of individual
variability in definitions, in judgment of symptoms and signs during hospitalisaticn,
and in twweatment optons for unstable angina. Definitions varied from the whole
spectrum of zngina between stable angina and myocardial infarction to the more
restricted, severe conditions, as pain at rest accompanied by ECG changes. Judgment
of the clinical course was predominantly based on the recurrence or absence of
angina by some physicians, whereas others paid more attention to the presence of
ECG changes. Different time periods, varying from a painfree period of 1-3 days to
several weeks, were mentioned until the simuation would be stabilised. Transient ECG
changes in patents without pain (silent ischemia) were considered as a sign of
instability and would be weated more aggressively by more than half of the
physicians. The pattern of pain and the level of medication were important criteria
for angiography for all physicians, as was a positive exercise test result. Exercise
tests were performed more often by physicians in hospitals without angiography
facilities. The presence of facilities for angiography would result in more procedures
according to all physicians, while the attitude towards exercise testing seemed not to
be influenced by the presence of a catheterisation laboratory. Differences in
interpretation by individual physicians may be reduced in part by more detailed
descriptions of patients with unstable angina.
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INTRODUCTION

Unstable angina pectoris consists of a number of conditions intermediate between
chronic stable angina and acuie myocardial infarction, characterized by severe
ransient myocardial ischemia™ as summarised in chapter 1. The animde of
physicians towards patients presenting with chest pain of unstable character can be
influenced by the various definitions of 'unstable angina’ and by the many treatment
optons, including medical therapy with niates, B-blockers, calcium antagonists,
heparin and aspirin, and corcnary interventions, which are performed in part of the
paaents. It is therefore not surprising that treatment regimens vary between different
countries and regions™. An earlier analysis of the management of unstable angina in
two hospitals in Rotterdam (chapter 4) indicated that availability of angiography
faciliies was associated with more frequent use of coronary angiography and
subsequent revascularisation procedures.

In order to explore areas of variability among individual physicians, 20
cardiologists were asked to give their opinion on the importance of various aspects
of unstable angina, pertaining to diagnosis and treatment of this syndrome. The
differences in tesponse to this open interview, in combination with the suctured
pokicy analysis (chapier 6} may help to explain differences in management strategies
between hospitals with and without angiography facilities.

METHODS

Twenty physicians were asked a structured series of open-ended questions
concerning several aspects of unstable angina (see appendix). Physicians were
selected for participation because they worked in one of the two hospitals where the
prospective study, described in chapter 4, was performed or because of close
relationship with these hospitals. Eleven of the cardiclogists worked in a university
hospital with angiography facilities and the other nine worked in four hospitals
without such faciliies. Most of the cardiologists had received their cardiology
raining in the same centre and were working in closely related practices in the city
of Rotterdam. The interview was divided in five subsections, dealing with 1. the
definition of unstable angina and criteria for admission of patients with suspected
unstable angima, 2. inidal management after admission, 3. the importance of
electrocardiographic signs, 4. indications for angiography, and 5. the role of exercise
tests in these patients. The answers in the interviews were categorised and described
according to these subdivisions and analyzed for fields of differences between
individual cardiologists as well as for differences between hospital settings.
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Table 5.1 Opinions of 20 physicians with respect to definition and management of

unstable angina.

Definition
recent onset, progressive- and rest angina
angina at rest only
ECG changes required
ECG changes NOT necessary

Admission
ECG changes
level of medication
cardiac history
risk factors

Stabilisation
painfree during 1-3 days
painfree during 4-5 days
painfree during more than 5 days

Silent ischemia
regarded unstable
reason for angiography

Multiple pain episodes; all with

concomitant ECG changes or only once
no difference for management
difference: more aggressive therapy

Indication for elective angiography
pattern of pain, reduced exercise tolerance
level of medication
ECG changes
history of corenary disease

Purpose of elective angiography
coronary interventions
diagnostic purpose and risk estimation

Indication for exercise 1est
diagnostic purpose
treatment evaluation, risk estimation
CLINICAL COURSE
pain without ECG changes
pain + ECG changes
no pain + ECG changes

—
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11 =
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RESULTS

Definition of unstable angina and admission criteria

The pattern of symptoms was mentioned as a major criterium for the definition of
unstable angina and for hospital admission by ail physicians. Most physicians
referred to a wide definition, including tecent onse: amgina, progressive angina and
angina at rest, although six physicians resiricted their definition to pain at rest only.
The presence of ECG changes in relation to pain at rest was reguired by seven
doctors, while two others explicitly stated that ECG changes were not necessary for
the defininon (table 5.1).

Progression of angina and pain at rest would be a reason for admission
according to all physicians, while patients with recent onset angina would only be
admitted in case of pain at rest or in the presence of ECG changes. The presence of
ECG changes was not a strong criterium for admission and the physicians who
mendoned it, said 1o use it as additional information. They swessed that the ECG
could be normal afier a recent episode of myocardial ischemia. Half of the
physicians referred to the level of medication as an important factor for admission.
When explicitly asked, 13 physicians agreed to admit a patient easlier when a history
of coronary artery disease was present and ten would be more inclined to admission
in the presence of risk factors for coromary artery disease, Eight of the latter ten
cardiologists worked in bospitals without angiography facilities.

Physicians were not able to give a precise estimation of the one-year risk of
myocarcial infarction in patients with unstable angina. Ten interviewees mentoned a
percentage, which ranged from 10% to 60% (median 30%).

In-hospital management

Medical treatment was said 1o be started after admission according to local protocols.
Periods of unstable angina were said to have stabilised after medical treatment when
the patient would be free of pain for a certain time period, or if the pain pattern
would become predictable. The length of this pericd varied from 24 hours 10 several
weeks (table 5.1). This difference was in part related to the department where the
physicians worked. The shortest periods were mentioned by physicians working
predominantly at a coronary care unit.

(rable 5.1) * difference in opinion between physicians in hospitals with and without
angiography facilifes. Risk factors lowered the admission threshold in respectively 2 out of
11 and 8 out of © physicians in hospitals with and without angiography facilities. Exercise
tesing was performed after occurrence of pain with ECG changes during clinical observation
by respectively 3 and 6 physicians and after observation of ECG changes without pain by
respeciively 3 and 9 physicians in hospitals with and without angiography facilities.
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The interviewed cardiologists disagreed about the importance of silent
ischemia. ECG changes without chest pain were considered as unstable by 13
physicians, and eight of them would perform angiography, depending on the location
of the ECG changes for four doctors. The other seven physicians relied
predominantly on the presence or absence of symptoms. They would continue
medical treatment and start a mobilization scheme in patients without pain, despite
ECG changes.

The occurrence of multiple pain episodes was judged to be more severe when
concomitant ECG changes were present during all episodes than when ECG changes
were observed only once. Eleven physicians said 1o be more aggressive in the first
sitnation and to decide earlier for angiography. For the remaining nine, the pain was
of major importance for management decisions, while ECG changes served as mere
confirmation of the diagnosis.

Angiography
The pattern of pain and level of medicadon were mentioned as the most important
criteria for elective angiography. ECG changes were required by twelve physicians.

The intention of angicgraphy should be directed to subsequent interventions,
according to all interviewees. Six physicians said to use angiography also for
diagnostic purposes without need for intervention, and for risk estimation in patients
with post infarction angina or in young patients.

All physicians in hospitais without angiography facilities said they would
perform angiography more often if they would have access 1o a2 catheterisation
laboratory in their own hospital, and nine of eleven physicians in the hospital with
angiography facilites thought they would perform fewer angiography procedures if
they worked in a hospital without catheterisation laboratory.

The role of the exercise test

An exercise test is predominantly used after stabilisation of symptoms, for evaluation
of medical therapy, for risk assessment at the time of discharge, and to a lesser
extent for diagnostic purposes. Exercise testing was indicated less often according to
physicians working in a hospital with angiography facilities, when ECG changes had
been observed during pain in hospital. Physicians in hospitals without angiography
faciliies used the test frequently, also when pain and ECG changes had been
recorded during cbservation.

Consequences of the exercise test would depend on its results, independent of
the previous clinical course. A positive test result would be followed by angiography
for all but two physicians. All but one cardiologists, who said to perform an ¢xercise
test, would discharge the patient on medical treatment after a negative test result.
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In hospitals without anglography facilities, all physicians but one said that
they would not do fewer exercise tests if they had their own catheterisation
laboratory. On the other hand, in the hospital with angiography faciliies six
physicians thought they would do more exercise tests if they worked in a hospital
without catheterisation laboratory.

DiSCUSSICON

The interviewed physicians expressed different opinionms about diagnosis and
management of unstable angina. It is surprising to find such differences between
physicians working so closely together.

Definition

Many physicians referred to the traditional classification as described by Cont®
(recent onset angina, progressive angina and angina at rest). Others mentoned
definitions as used in clinical trals’ (angina at rest with ECG changes during pain)
or more recent classifications as proposed by Braunwald®. Braunwald described three
imporiang aspects for clagsificanon of unstable angina, including the severity of
cBnical manifestation (progressive angina of effors, angina at rest occurring within 2
months but more than 48 hours before presentation, Or angina ai rest occwring
within the previous 48 hours), the clinical circumstances in which unstable angina
occurs (secondary angina, due to external conditions disturbing the oxygen balance,
primary angina, and post infarction angina) and the absence or presence of transient
electrocardiographic changes during pain. In addition the intensity of treammnent at
the onser of angina is regarded as helpful informaton to classify the patents (no
antianginal medication, oral antianginal medicaton or maximally tolerated doses of
wiple medication, including intavenous nitrates). Most physicians in the present
survey included the whole spectrum of clinical manifestations in their definiton,
whereas one third of the cardiologists emphasised the more severe conditions
including pain occurring at rest, accompanied by ECG changes. The time interval
after the most recent pain episode became impoertant in the judgment of the clinical
course,

Objective evidence of ischemia

The presence of ECG changes was not included in the definiton or required for
admission by the majority of physicians. Cardiologists reacted differently to
frequency of ECG changes during muliple pain episodes. Nine physicians said to
rely on the ECG signs whereas others emphasized the importance of pain, and
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tegarded the presence of ECG changes as additional information. Similarly, ECG
changes without pain (silent ischemia) were regarded as a sign of continuing
instability by 13 physicians, who would start invasive therapy in this situation,
whereas others relied specifically on pain for management decisions. The presence of
silent ischemia in patients with unstable angina is indeed associated with impaired
prognosis™’’, and treatment with antianginal medication or with PTCA result in a
reduction of the ischemic episodes'>’. However, no data are available on the effect
of reatment of silent ischemia with respect to prognosis.

Thus similar patients would receive differemt treatment, depending of the
Jodgment strategy of the weating physician. For proper understanding, management
discussions about individual patients with unstable angina should be clarified with a
description according to the absence or presence of the various clinical characteristics
as mentioned by Braunwald (the severity of symptoms, the clinical circumstances,
the absence or presence of ECG changes and the level of medication), and not just
as ’padents with unstable angina’, as physicians imterpret the characteristics of the
syndrome differently.

Time until stabilisation

Twelve of 20 respondents indicated that they consider a patient as stabilised after I
to 3 days. The others mentioned periods of one week or several weeks. Braunwald
suggested a stepwise indication of stabilisation, referring to subacute angina after a
painfree period of 48 hours and to 2 stable sitnadon after an asymptomatic period of
two months®. In the registry described in chapter 2 it was observed that indeed most
recurrent pain episodes occurred within the first 24-48 hours. Stll, 30% of the
padents developed new pain after a painfree imterval of more than 24 hours, 20%
after 48 hours, and less than 10% after a painfree interval of 5 days or more (fig.
5.1). Also, in angiographic studies a higher frequency of the presence of
nonocclusive thrombi has been reported on angiograms performed early after the
occurrence of pain compared to angiograms made after several days'. The gradual
decrease of symptoms as well as pathophysiologic signs of instability does not allow
us to indicate exactly when the unstable episode would be over. Clinically, the risk
of recurrent pain has been reduced to less tham 10% after 5 days (fig. 5.2}, and
pathophysiolegically the presence of intracoronary thrombi had been reduced to 20%
after this period'. The distribution of the occurrence of a new pain episode over time
was similar for the first interval since admission, as well as for the occurrence of a
second episode after a first pain episode, and a third after a second pain episode.
This similarity in clinical course suggests similar pathophysiologic mechanisms of
each pain episode. These findings indicate that a pericd of at least 4-5 days afier the
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dme from admission until first pain episede (n=137)

time after first pain episode until second (n=78)

time after second pain episode until third (n=45)

time after third pain episode entil fourth (n=24)
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Figure 5.1. Cwnulative incidence of recurrent pain over time. The time interval since
admission until the first pain in hospital is given for patients who experienced 2 1 recurrent
pain episodes. The time interval between the first and second pain episode is given for patients
who experience = 2 recurrent pain egpisodes, the interval between the second and third episode
for patients whe had = 3 episodes, and the iniervel between the third and fourth interval for
patients with = 4 pain episodes.
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Figure 5.2. Probability of the occurrence of pain after admission, recurrence after ¢ first pain
episode, and dafter a second pain episode. Probabilities are calculated using Kaplan Meier
estimates, where patients who were discharged without recurrent pain were considered as
censored observations.



last pain episode is needed for stabilisation of the pathophysiologic process
responsible for the unstable episode and the risk of new episodes of chest pain.

Prognosis

Although the estimated risk for myocardial infarction depends on the definiton of
unstable angina, and of the individual perception of the severity of a clinical
sttuation, the risk of progression to myocardial infarction angina was highly
overestimated. Six of the ten estimates exceeded 30%, with 2 maximum of 60%.
Although it was appreciated that prognosis depends on the definition used, 1 year
infarcton misk varies from 9% to 17% in the literature’”’. Foliow-up data of the
patients in two hospitals, where most of the interviewed physicians worked, indicated
a cumulative infarction risk of 10% after 6 months (chapter 3). No subgroup could
be identified with an infarction risk between 30 and 60%. Only recurrent pain was
associated with myocardial infarction, 2nd the presence of recurrent pain resuvited in
a tisk of 14%. The high risk estimates be could explained by misinterpretation of
datz describing the associaton between unstable angina and myocardial infarction
and vice versa. It has been reporied that 30-60% of the patents who present with
acute myocardial infarction experience 2 prodrome of unstable angina before
reaching the hospital®. These numbers are not to be reversed, and do not imply that
such high frequency of patients admited for unstable angina will develop myocardial
infarction. A excessive estimation of the infarctien risk may increase the use of
coronary intérventions in patients with unstable angina, although the interviewed
physicians with high risk esumates did not express a higher likelihood for coronary
interventions.

Assessment of prognosis

Both exercise testing and angiography were mentioned as methods for risk
assessment, although it was not specified which factors were considered w be
associated with prognosis. It should be appreciated that exercise testing in patients
with unstable angina is contraindicated within 48 hours of the most recent pain
episode’®, which is consistent with the high risk of recurrent pain during this period.
On the other hand, exercise tesiing before discharge, after a painfree period of
several days, adds prognostically important informaton to several clinical and
electrocardiographical descriptors in patients with unstable angina®™. A low rate-
pressure product (product of heart rate and systolic blood pressure at peak exercise)
and ECG changes during the test are independent predictors of cardiac events during
follow-up. Furthermore, exercise tests may be helpful in clinical decisions on the
necessity for further investigation and coronary revascularisation. Although
mentioned less often by the physicians, exercise testing is especially useful for
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diagnostic purposes in patients without objective evidence of ischemia in hospital®.

Several angiographic findings are associated with increased risk of future
complications, such as the number and the severity of the coronary lesions (stenoses
> 70% or left main disease)’™, and are used to assess the need for revascularisation.
Sill, it should be appreciated that revascularisation studies of patients with stable
angina pectoris have shown that symptoms are reduced after bypass surgery but that
prognosis is improved only in patients with severe multivessel coronary disease and
with impaired left ventricular function®. Similarly, angioplasty in patients with stable
angina, and single vessel disease, resulted in a reduction of recument pain, but not in
improvement of prognosis®™.

Physicians’ opinions and actual practice

While physicians said to proceed to angiography if the exercise test was positive,
this was not observed in clinical practice. In the registry of patient management, only
40% of the patients with pain or ECG changes during the test were referred for
angiography (chapter 4). Such discrepancies between physicians descriptions of their
own policy and what they really do in clnical practice have been described by
Kirwan et al®, and invite caution in interpreting physicians’ opinions about the
impertance of different measures of disease severity. Opinions expressed in surveys
and conferences may differ from acmal practice. Clinical judgment analysis provides
a more accurate method for modelling judgment policies of physicians, a method
which will be described in chapter 6.

Implications of the availability of angiography facilities

All physicians admiuned that their use of coronary angiography would change in
different practice settings, which is in agreement with the finding that the availability
of facilinies served as & major explanatory factor for differences in angiography rates
between two hospitals (chapter 4). In contrast physicians expressed different opinions
with 1espect 10 their change of use of the exercise test. In the hospitals without
angiography facilities physicians were inclined to perform this test routinely in all
patients, whereas their colleagues in the hospital with angiography facilities used the
exercise test predominantly in patients for whom the diagnoesis was not confirmed by
ECG changes. On the other hand, the physicians indicated that the availability of
angiography facilities would have little effect upon the use of exercise tests, aithough
the results of an exercise test were of more importance in the decision making
process for coronary angiography for physicians whe worked in a hospital without
angiography facilities, than for physicians in 2 hospital with angiography facilities.
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Conclusion

Physicians expressed different opinions with respect to unstable angina and its
management. Part of the physicians relied mainly on symptoms when making their
management decision, whereas others based their decisions on the presence of
objective signs of ischemia on the ECG. When describing patients with unstable
angina more detailed information has to be provided in order to reduce differences in
individual interpretations. Patienis may be considered as ’stable’ after 5 days since
the most recent pain episode. Such a waiting period is also recommended for the
performance of an exercise test in order to assess the need for further treatment.

The difference in opinions could explain management variation between physicians.
Some differences were related to hospital setting. In particular, physicians agreed that
the availabibity of angiography facilities lowered the threshold to perform invasive
procedures.
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APPENDIX

The purpose of this interview is to assess cardiologists’ opinions on unstable angina
pectoris and contains a number of open questions. Although several aspects of the
management are related to each other we aim to handle them separately. The issues we
would lke to discuss are: definition of unstable, medication treatment, electrocardiographic
changes, coronary angiography, and the use of exercise testing.

Sometmes, the gquestdons seem easy or it looks ke we already know the answers.
However, an earlier study in the Thoraxcenter of the University Hospital Rotterdam and
the Sint Franciscus Gasthuis revealed considerable differences in the management of
unstable angina (chapter 4). Coronary angiography was performed more often in the
Thoraxcenter (43%) than in the Sint Franciscus Gasthuis (25%).

The answers of the interview will be used to explore variability among individual
cardiologists.

1. The syndrome “unstable angina’

1) How would you define unstable angina?

2) Based on your definition, which percentage of patents do you think will develop
myoccardial infarction within one year?

3) Which criteria are important for you to decide for admission when a patient presents
with chest pain?

4) Do you change your admission policy when a patient has a history of coronary artery
disease?

5) Does the presence of risk factors influence your decision for admission?

2. Medical treatment

Could you describe briefly a patient you admitted for unstable angina recently.

6) Once you have decided for admission do you act according 10 a certain protocol?
Which are the first measures you take for such patient?

7)  Imagine that you visit the patient the next day.

-The patient had no more pain episodes. What would you do in this simatioa?

-What would be your next step if the patient had recurrent pain?

(an ECG during pain has been recorded and shows ST-depression in lead V5-Vé of
0.5mm)

%)  When do you consider the unstable episode szabilised?

%) Imagine that the patient is painfree for a period of 24 hours, but the ECG has
changed compared to earlier recordings, e.g. T-wave inversion. Would you consider
this situation as "stable"?

-What would you do in that situation?
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ECG-changes

What kind of ECG changes during pain are most important to prove ischemia?
-What consequence do these changes have?
Do you interpret ECG changes differentdy when they are recorded during all pain

episodes than when several pain episodes are accompanied by ECG changes only
once?

Coronary angiography

What do you consider as the most important criteria for coronary angiography?

Are there any contra-indications for angiography?

When do you consider acute anglography (on the same day)?

When acute intervention is not indicated, but you sull decide to perform an elective
angiography, within what period has an angiography to be done?

What is the main purpose that you want to achieve with angiography in patients with
unstable angina whe initally responded o medical therapy, and in patients who do
not respond o medical therapy?

Do you think you would decide for angiography more often when you have
immediate access 0 an in-house catheterisation laboratory than when you are
working in a hospital without catheterisation factlities?

Exercise tolerance test

What is an indication for a exercise test after stabilisation for a patient admirted for
unstable angina?

Would you perform an exercise test (after inital stabilisation)

-if ECG changes have been observed during pain in the previous clinical observation
period?

-if pain has occurred without ECG changes?

-if e pain has occurred, but the ECG has changed (silent ischemia)?

What are the consequences of a positive test result in each of the simadons
mentioned in the previous question?

-what are the consequences of a negative result test in the same sitvations?

Do you think you would do more exercise tests when you have no in-house
catheterisaon laboratory, or fewer exercise tests when you do have in-house
catheterisation facilities?
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ABSTRACT

A previous study of management in unsiable angina revealed substantial differences
in management berween two hospitals in the same city, especially with respect to the
use of coronary angiography. Physicians in the hospital with angiography facilities
were more inclined to perform angiography than physicians in the hospitals without
these facilities, even when differences in patient population were taken into account.
In order to assess individual wvariability between physicians we examined
management strategies of 18 cardiologists. A series of paper case summaries with
different patient characteristics was used o establish how physicians in different
practice settings respond to similar medical problems. Individual cardiclogists
showed considerable differences in likelihood of using various medical services.
Differences in individual-policies could be explained by different weight given 1o
clinical information. Three subgroups of physicians with similar policies ¢ould be
identified. The first group (n=4) of physicians based their decisions predominantly on
the prehospital history, the second group {n=5) used mainly the in-hospital course,
and the third group {n=0) considered both the prehospital history and the in-hospital
course equally imporiant. Independent of the patient description, physicians who
worked in 2 hospital with in-house angiography faciities were more inclined to
perform angiography procedures and coronary interventions. These resuits confirm
that the same patient’s medical problem would be evaluated and treated differently
by physicians in different practice settings.
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INTRODUCTION

Uncertainty about optimal treatment results in heterogenous management for many
diseases’. Unstable angina is such an area of uncertainty, because different
definitions are used”™” and because many new modes of therapy have been introduced
in the past two decades. Medical weatment with nitroplycerin and B-blockers has
been extended with calcium antagonists, platelet inhibitors and anticoagulants®™.
Furthermore, cardiac catheterizaton followed by bypass surgery or angicplasty is
used frequently in addition to medical treatment®’.

The analysis in chapter 4 it showed that the management of unstable angina
varied considerably between two hospitals in the city of Rotterdam, Both hospirals
served a different patient population, but apart from the variability of case-mix the
availability of angiography facilides appeared to be a major explanatory factor for
this difference. In this analysis of ’overall’ hospital policies it was not feasible to
account for individual differences between cardiologists in the decision making
process. Individual variability and differences in use of clinical information have
been demonstrated for many conditions'™'%. Therefore a separate study was set up to
establish how physicians in different practice settings respond 0 case summaries of
identical patients in a management simulation; a sc-called "policy capturing” or
“judgment analysis™.

Cardiologists were asked to rate the need for admission, angiography and
exercise testing for a series of written case vignettes and to indicate the medication
they would prescribe. Linear regression models portray judgments as the sum of
important factors either for or against a decision muldplied by the reladve
importance (weight) of each factor, and were used to study the apparent weighing
physicians gave to chinical information and to explore reasons for variability among
the physicians. The purpose of this study was to assess the inclination to use of the
various services of individual cardiclogists, and to estimate the reladve importance of
a number of elements in the patient’s history, the presentaticn of angina, and in the
in-hospital course on the management strategy in unstable angina, especially on the
decision to order coromary angilography. Second it was estimated 10 what extent
individual varigbility among cardiologists contributed to the difference in
angiography rates in hospitals with and without angiography facilities,
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METHODS

Participating physicians

Eighteen physicians in Rotterdam took part in this swmdy. Physicians who were
selected worked in either of the two hospitals, where the follow-up study, reported in
chapters 2, 3, and 4 was performed, and two other related community hospitals in
Rotterdam. Eleven physicians worked as cardiologists in the university hospital with
in-house angiography facilities, the other 7 were cardiclogists working in 3 different
hospitals without angiography facilities.

Design of the case summaries

Each cardiologist evaluated twelve case vignettes, describing different patient profiles
(see appendix for exampie). The patient profiles varied on seven clinical variables,
which were ¢lcited from the analysis presenied in chapter 4 and the clinical
experience of a senior cardiologist, and were modified after six try-out policy
analyses. These clinical variables included (a) presence or absence of a history of
myocardial infarction, {(b) presence of risk factors for cardiovascular disease (none,
hypercholesterclemia only, or smoking and a positive family history for coronary
disease} (¢) the amount of anti-anginal medication at presentation (none, B-blockers
only, or multiple drug therapy), (d) the mode of onset of the present complaints (Le.
sudden onset versus gradual progression of pain}, (e) presence or absence of ECG
changes during pain at presentation, (f) recurrence or absence of pain during the first
48 hours in hospital, and (g) presence or absence of ECG changes in hospital.

Representation of all possible combinations of these seven variables at two and
three levels would require 288 cases. However, if the possibility to explain
interaction terms is abandoned, a fractonal factorial design of 12 cases can be
used'. A fractional factorial design selects out cases so that each level of any given
factor appears in combination with all levels of every other factor, Thus the
independent main effect of each factor on the decision can be established.

The same set of twelve case vignettes was presented to all physicians. For each
case they were asked to indicate what type of management was indicated for a
patient with a specific profile. The decision to initiate coronary angiography was of
primary interest, because this is the key decision in view of subsequent angioplasty
or bypass surgery. This decision was embedded in a presentation of the cases
describing the various steps made in daily pracﬁce..'l‘rn'ee decision. moments were
simulated in the case presentation (figure 6.1). First, each physician was asked to
indicate the propensity for admission based on the data available at presentation and
the inclination to decide for angiography immediately at admission. Second,
physicians were asked to indicate which medication they would start or continue
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admission no admission
1 hour after admission medication angiography

'

48 hrs after admission exercise test additional medication  angiography

Figure 6.1. Flow chart illustrating the structure of the case summaries. PATIENT :
description of clinical characreristics at presentation. COURSE : description of the in
hospital couwrse during the first 48 howrs. Three decision moments were simulated: 1.
admission or not, 2. (after I hour} medical therapy or immediate angiography and 3.
{after 48 hours observation) exercise test, additional medication or angiography.

in-hospital. Then information was given about the in-hospital course and thereupon
three policies were given for consideration: exercise testng, intensification of
medical treatment, and angiography. For each decision a seven-point scale, ranging
from 1:’definitely not’ to 7:’definitely’, was used to indicate the inclination for each
alternative.

Statistical analysis

Freguency of use of medical services

Since 18 physicians participated in the study, 216 ratings were obtained for each
decision. The initial analysis of these responses invelved tabulating of the ratings.
Results were then summarized as the number of ratings lower than or equal to four
and those greater than four for each decision. Frequencies were compared between
physicians in hospitals with angiography facilities and those in hospitals without
angiography facilites. Differences between hospital sites were analyzed with chi-
square tests.

CHAPTER 6 123



The decision to order angiography after clinical observation was analyzed in
detail. For each case the mean rating was calculated and the amount of variation
among cardiclogist was assessed. The results are presented for each hospital setting
separately.

Judgment of clinical variables

In addition to examining the levels of utilization of varicus weatment options and the
(dis)agreement among physicians, a second purpose of the study was to determine
the symptom profiles associated with a specific decision. Thus, having found the
amount of variability, it was attempted to understand why physicians differed in their
choices.

The relation between clinical information and the initdation of angiography after
clinical observaton was explored using linear regression analysis, with the response
on the 7-point scale as dependent variable and the seven clinical characteristics as
independent variables. The five variables with two Ievels were coded as indicator
variables, assuming the value 1 if the property at issue is present and 0 if otherwise.
The risk factors appeared to have a linear relationship to the decision and were
coded as one discrete variable on 3 levels. The medication level was coded as two
separaic indicator variables, because of the absence of a linear relationship. The
Policy PC®" program was used for policy analysis, applying the EXTRACT module
for the regression analysis. The weight of each clinical variable was calculated for
each physician. Weights were expressed as a percentage of the total weighing.

Cluster analysis was applied to identify groups of physicians with similar
policies’", using the actual answers of the question whether angiography was
preferred or not. This analysis was performed with the BMDP program 1M, where
variables are grouped according to the minimum distance criterium'®. A policy
profile was calculated for each cluster, using the mean response of the individual
cardiologists in each cluster as dependent variable.

RESULTS

Freguency of use of medical services

Wide variation in ratings was found between individual cardiologists. In tabie 6.1 the
responses are summarized as the number of answers greater than four for each
individeal physician and combined for the physicians at each hospital type. The
physicians agreed upon the need for admission and immediate angiography, but they
showed a wide variation with respect to the management after admission. Some
physicians have a basic tendency towards angiography and cozonary interventions
whereas others appear reluctant to initiate invasive therapy. For example, physician 2
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Table 6.1  Answers given at each decision moment by 18 physicians

At admission After 48 hours of observation

admission  immediate angiography exercise additional

angiography test  medicaton

physician

1 7 2 4 8 5
2 12 3 8 4 10
3 8 2 4 5 5
4 10 2 3 8 3
5 9 2 0 6 5
6 iz 0 2 10 10
7 1z 0 2 6 6
8 12 0 7 4 4
9 12 0 2 1 3
10 12 1 7 4 7
11 12 1 6 4 7
12 12 0 8 3 2
13 S 0 1 5 7
14 11 3 6 3 5
i5 12 2 6 3 9
16 9 5 5 2 6
17 12 1 6 0 6
18 12 2 5 5 5
Hospital; angiography facilities

no (n=84)* 70 (83) 11 (13) 2327y 47(36) 44 (52)
yes (n=132) 125 (93) 13 (1D 56 (45) 34 (26) 61 (46)
p-value (o test) 0.006 0.703 0011 0.000 0.377

pumbers indicate frequency of answers greater then 4 at each decision moment

physicians 1 1o 7 represent cardiologists in hospitals without angiography facilities, and
physicians 8-18 represent cardiologists in a hospital with angiography facilities.

* number of cases evaluated by physicians at respective hospital type

For hospiral types absolate nambers and percentages (between brackets) are given.

would perform coronary angiography in almost all patients, while physicians 5 and $
were very restrictive and choose for watchful waiting. The physicians’ mean answer
for all 12 cases varied between 4.9 and 7.0 for admission, and between 1.0 and 3.8
for immediate angiography. After the clinical course was available, the average
rating for angiography varied from 1.3 to 5.0, for exercise testing from 1.0 to 5.6
and for prescription of additional medication from 2.3 t0 5.6.
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Combining the data for each hospital type revealed that physicians in hospitals with
catheterization facilides were more inclined to admit patients and to0 initiate
angiography after clinical observation, while in the hospitals without angiography
faciliies more physicians would order an exercise test. However, there was no
difference berween the hospital types with respect to the decision for early
angiography, or to the decision to increase medical therapy during observation.

The decision 10 initiate angiography was analyzed in detail. Figure 6.2 shows
for each case the ratings of the individual physicians and the mean answers in each
hospital setting. The individual variation was wide for both groups of physicians, and
there were only a2 few cases in which all physicians agreed. Nevertheless a
systematic difference was apparent between the two hospital types when the
variables in the cases were varied. On average physicians in a hospital with
angiography facilities rated the need for anglography 1 point higher than physiclans
in a hospital without these faciliies. The mean rating was 4.0 in the former group,
with a range of 1.8 to 5.0 for the individual physicians, and a mean rating of 2.9 in
the latter group, with a range from 1.3 10 5.0.

Judgment of clinical variables

Individval judgment analyses rtevealed wide variadon between physicians with
Tespect to the weights they gave to the clinical variables when maldng a decision for
coronary angiography. On average, this decision was based for 27% on the use of §-
blockers before admission. The relative contribution was 15% for the use of multiple
drug therapy, 18% for the presence of misk factors, 11% for the presence of ECG
changes during observation, 9% for the recurrence of pain during observaton, 8%
for the presence of a coronary history, 7% for progression of angina before
presentation and 5% for the absence of ECG changes at admission. Similarity
between individual policies was explored with cluster analysis, using the actual
ratings for each case. Three clusters resuited, including respectively 4, 5 and 6
physicians. Three physicians could not be grouped into one of the clusters, implying
a highly individual policy.

Figure 6.2. Means and individual ratings for coronary angiogrephy per case for each
hospital. For each case two lines represent the range of ratings. The lower line represents
the variation of physicians in the hospital with catheterization facilities, with mean values
for each case represented as black squares. The upper line represenmts the variarion of
physicians in the hospitals withour cathererizarion facilities, with mean rarings for each
case indicated by black triangles. The numbers along the line indicate the number of
individual physicians giving one specific answer. The cases were ordered according to the
overall likelihood for angiography, with the lowest likelihood on the bottom and the
highest likelihood at the 1op.

CHAPTER 6 127



history of MI I~ clusterl
nisk factors
mode of onset -
8-blocker
triple med
ECGpain
pain48
ECG48 -

=30 -20 -10 0 10 20 30 40

history of MI cluster2
risk factors
mode of onset -~
B-blocker ¥
triple med |
ECGpain ¢
paind§ |~
ECG48 -

-30

history of ML |- cluster3
nsk factors [~
mode of onset
B-blocker [
mple med
ECGpain
paind |
ECG48

-30 20 -10 0 10 20 30 40
relative weight (%)

Figure 6.3. Relative weights of clinical variables for groups of physicians with similar
policies, as determined with cluster analysis. The clusters included respectively 6, 5, and 4
physicians. Three physicians could not be included in any cluster. For description of the
policies, see text. Mi=Myocardial infarction; ECGpain=ECG changes during pain at
presentation; paind8=recurrence of pain within 48 hours; ECG48=ECG changes within
Jirst 48 hours.



For each of the three clusters a policy analysis was performed, using the cluster
mean rating for each case as dependent variable. Results are presented as relative
weights in figure 6.3. Physicians inciuded in cluster 1 based their policy
predominantly upon prehospital characteristics. Cluster 2 represents physicians whose
policy was predominanty based on medication level and in-hospital events. The third
cluster represents physiciams whose policy was based on a combination of both
prehospital and in-hospital characteristics. The clusters included respectively 1, 3 and
4 physicians working in a hospital with angiography facilides, and 3, 2, and 2
physicians from hospitals without such faciliies. The three physicians not included
in one of the clusters worked in a hospital with angiography facilities.

DISCUSSION

In this study physician’s decisions in the management of unstable angina were
characterized, in order to assess interindividwal variability with respect to the
frequency of use of various management cpions. In additon it was attempted to
identify factors influencing the decision to initate coronary angiography. The first
issue concerns the likelihood of a decision by a certain physician, while the second
issue concerns the regson of that decision in a2 particular patient.

Differences in the Hkelihood of use of certzin medical services have been
reported between countries’®®, between regions within countries™, within different
practice settings®™ and also among physicians in different specialties™. These
differences were atmibuted to cultral differences, different patient populatons,
specialty, and organization and size of practices. In addition, Gillis et al*
demonstrated that physicians working in the same psychiatric institution not only use
various drugs in different frequencies, but also show linde agreement on prescriptive
strategies. Similarly, we observed a wide variability among cardiologists working in
the same c¢ity in the likelihood of performing coronary angiography in patients with
unstable angina. Apparently some physicians had a basic tendency w0 choose for
medical therapy, while others were more inclined to proceed to invasive treatment.

Several smdies have suggested that the degree of variation in medical care for a
parucular procedure is linked direcdy to the degree of consensus concerning the
indications for its use”®. Uncertainty in diagnosing illness and choosing the
appropriate treatment may stem from difficultdes to classify a particular padent, lack
of information on the probabilities of treatment ouicome and divergence among
physicians on the value they assign to different outcomes. Indeed, the physicians had
expressed in an earlier interview (chapter 5) variations In the definition of unstable
angina, and in the assessment of the risk of progression to myocardial infarction,
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However, the present study indicated that the observed varniability is also due in part
to the judgment of patient characieristics and to the availability of angiography
facilities. Similarly, in two other swmdies™™ variability between physicians were
attributed to lack of consensus, but also to difference in severity of patients’
conditions and to the number of physicians in a certain department.

In general, physicians working in a hospital with angiography facilitdes were
more inclined to perform angiography. This was also found in a prospective
registration of consecutive patients admitted for unstable angina (chapter 4) in two
hospitals, where 15 of the 18 physicians who participated in the present study
worked. Thus the availability of angiography faciliies lowered the threshold for
invasive procedures. This may be due to self selection of physicians who decide to
work in a certain hospital. However, it is more likely that the threshold for invasive
procedures is a property of the organizational structure itself, since individual
variability of the Iikelihood to perform angiography exceeded the variability among
practice settings, as is clearly shown in figure 6.2. The observation that physicians
responded to variation of patient characteristics, and that their response is modified
by practice settings supports the conclusions of other reports indicatng that
comparisons of the use of health services in differemt populations should be
controlled for patient variability>2.

In the second part of the study, having found how physicians vary in their
decisions, we explored why they made different management decisions, by
determining which patient profiles were associated with the decision to perform
coronary angiography. Although guidelines for angiography have been proposed®,
there are no well-established rules for weighing the pertinent factors, except for so-
called ’refractory angina’, where medical weatment fails to control the symptoms™™,
The relative importance of clinical variables was assessed using linear regression
analysis, as described by Hammond™. Linear regression models portray judgment as
the sum of important factors either for or against a decision multiplied by the relative
importance (weight) of each factor. A judge’s sirategy can be inferred from decisions
over a series of cases where the status of these faciors is known. For example, one
car: calculate the weight a physician assigns to the presence or absence of ECG
changes during pain by observing how his decision changes as ECG patterns vary
over 2 sample of cases, while controlling for other factors. This method is calied
"policy capturing” or “judgment analysis™.

Similar to analyses of other technologies'®'%'%%% the present study confirmed
that physicians used different weights for clinical variables when they decide to
perform coronary angiography or not. Three groups of physicians with similar
policies could be identified: physicians whose decision was predominantly directed
by the patient’s prehospital history, physicians who based their decisions on recent

130 CHAPTER 6



in-hospital information, and physicians who balanced both the prehospital data and
the in-hospital course. All physicians based their decision in part on the use of
medication before admission. However, physicians in cluster 1 were influenced
predominantly by the use of B-blockers, while physicians in cluster 2 would perform
angiography only if multiple drug therapy was given.

The importance assigned to clinical variables was not related to the overall
preference for angiography. For example, the physicians in clusters 2 and 3
expressed similar tendencies for coronary angiography, but based their decisions on
different patient characteristics. Similarly Holzman et al'® showed Hetle relationship
between the regression weights and the likelihood of prescription of estrogen
replacement therapy for menopausal women, and Gillis et al® described that
physicians who relied on the same psychoactive drugs for psychiatric illnesses base
their decision whether or not to give those drugs on different patient characteristics.
In our study physicians from different clusters were present in both types of
hospitals. Accordingly, decisicn policies in each hospital type were an amalgamation
of the three cluster policies, while the likelithood of performing angiography was
significantly different. This is in accordance with the analysis of the patient registry,
where no difference in weighing of clinical variables was found (chapter 4).

Recogniton of judgment strategies is of interest for several reasons. First, this
allows individual physicians to gain insight in their own decision making process,
which may belp them to reflect on and modify their policies. Second, it provides
insight in the factors which could cause disagreement, and thus may facilitate
communication between clinicians when discussing indications for coronary
angiography in a specific patient, for exampie when a patient in a hospital without
angiography facilities has to be referred to a hospital with those facilities. Third, it
may be of help in medical teaching, when it is perceived that part of the whole set
of textbook variables may be rejected as superfluous by subsequent experience.

All variables which were included in the case vigneties were used indeed in the
decision making process, although to a different extent by various physicians. Most
physicians based their decision on four or five variables only. This is consistent with
earlier studies showing that only a small number of clinical variables is needed to
describe judgment policies adequately’™™. Nevertheless, the analysis did not reduce
the nember of clinical variables which were related to the decision to imitiate
angiography. This is not surprising, because the imporiant variables were derived
form earlier amalysis of actual patents, but it supports the validity of the
representation of real patients by the writien case descriptions.
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Limitations of the study

The use of "paper’ case summaries have been applied in many studies on practice
variation''>"***_ One might question whether decisions made about case vigneties
represent actual behaviour, since the case vignettes do not mimic the complicated
interaction between doctor and patient. It does not allow the physician to obtain
additional patient information, which he or she might request otherwise, and which
might change his or her approach. On the other hand the presentation of paper cases
isolates judgment from the process of gathering information and aliows comparison
between physicians in their judgment of similar cases. Kirwan et al.*® indicated a
remarkable similarity berween judgments of disease activity in rheumatoid arthritis
made on ‘paper’ cases with those made on actual patients. This is supported by our
findings: the likelihood of angiography shifted appropriately when patient
characteristics were varied; the same patient characteristics were used as those used
for real patients (chapier 4); the trend towards more angiography in hospitals with
angiography facilities was cobserved in clinical practice (chapter 4) as well as in this
policy analysis. Therefore the marked variations in management in this study is
unlikely to be due to the design of the paper cases, but appeared 1o reflect existing
trends in clinical practice.

The swmdy populaton was small and limited 1o 18 cardiologists working at
various departments in a few hospitals in one city. Therefore it remains uncertain
whether these observations will be applicable to other groups of cardiclogists.

The number of 12 cases was smail for assessment of individual weighis. This
small number was deliberately chosen for practical purposes. First the number of
cases was Testricted to make sure that the physicians were able to complete the set in
a reasonable amount of tme, and second of the purposes of this study was to
establish the feasibility of the method. However, the present data were sufficient
study the individual inclination of using the various medical services, and by using
the actual responses in as selection criterium in the cluster analysis the combined
weights could be established by using a larger number of responses provided by the
physicians included in each cluster.

Conclusion

Physicians varied considerably in the likelihood to use coronary angiography and in
the reason why it is used. Physicians in a hospital with angiography facilities were
more inclined to perform coronary angiography, although similar mndividual
variability in the likelihood to initiate coronary angiography was observed in both
hospital settings. Variability in the use of coronary anmgiography could be explained
in part by differences in weighing clirical informaton. Three groups of physicians
with similar policies could be identified, who emphasized the prehospital history, the
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recent in-hospital course or both,

These results demonstrate a wide varability in preference and in decision strategies
for coronary angiography among cardiologists and support earlier observations of a
different management in hospitals with or without facilities for angiography.
Judgment analysis provides a means of elucidating important physician and patient
related factors in medical decisions and may be helpful to improve co-ordination
between clinicians and clinical investigators in different hospitals.
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APPENDIX
Two case examples. The bold sections indicate the variable parts of the descriptions.

EXAMPLE 1

The 57 years old man RJ. is referred to your department because of chest pain, radiating
to the left arm. The pain was accompanied by severe perspiration, but without shortess of
breath, and lasted for approximately 30 minutes.

According to R.J. these pain attacks existed for severa! weeks mow. The attacks
occurred during daily activities, such as car driving, but stopped after a period of
rest. Recently, the pain attacks became more severe and occurred more frequently.
Today’s pain was so severe, that he cailled the family doctor.

The family doctor sent the patent to hospital, with the diagnosis of suspected unstable
angina pectoris. The pain subsided after nitroglycerin sublingual. After arrival ar the
hospital, a pain ECG was made.

Mr J was admitted for unstable angina pectoris four years ago as well. He then
developed myocardial infarction. At this moment he uses beta blockers.

Furthermore, the patient is in a good condition.

PHYSICAL EXAMINATION

heart raie : 60/min

blood pressure : 130/80 mmHg

ECG without pain : normal

pain ECG : no changes compared to the previous

routine ECG
1 : WOULD YCU ADMIT THIS PATIENT?

definitely not definitely
{

{ | | | | |
| | I | )

2 : WOULD YOU IMMEDIATELY DECIDE FOR ANGIOGRAFPHY?

definitely not definitely
| t I I ; I I

| (]

3 : WHICH MEDICATION WQOULD YOU START?
(encircle those drugs you would prescribe)

: none

: B-blockers

: calcium antagonists
: oral nirrates

: intravenous nitrates
: aspirin

: heparin

g th ¢ L O O R
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We follow the patent at your departinent. Mr. R.J. is treated with the therapy, you have
indicated at question 3.

Within 48 hours after admission, R.J suffers another attack of dull chest pain.

The ECG shows ST depression of 1.5 mm in leads V5 and V6.

The other findings, like pulse and blood pressure remain stable.

4 : WHICH OF THE FCLLOWING WQULD BE YOUR NEXT STEP?

& : coronary angiography

definitely not definitely
| ] | I | ] ;

b : exercise tolerance test

definitely not definitely
I I | I I I I

¢ : additional medication

definitely not

| |

definitely
|

(encircle the dregs you would prescribe - both existing and additional medication)

: none

: B-blockers

: calcium antagonists
: oral nitrates

: intravenous nitrates
: aspirin

: heparin

o Lo aOm

T
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EXAMPLE 2

The 57 years old man RJ. is referred 1o your department because of chest pain, radiating
10 the left atm. The pain was accompanied by severe perspiration, but without shortness of
breath, and lasted for approximately 30 minutes.

The pain occurred at rest on the day of admission. He did not have any anginal
complaints during the previous peried.

The family doctor sent the patient w0 hospital, with the diagnosis of suspected unstable
angina pectoris. The pain subsided after nitroglycerin sublingual. After arrival at the
hospital, a pain ECG was made.

Mr J bhas no cardiac history, but fe is known with high cholesterol levels {(most
recent value 7.8 mmol/). He uses no medication.

Furthermore, the patient is in & good condidon.

PHYSICAL EXAMINATION

heart rate : 60/mi

blood pressure : 130/80 mmHg

ECG without pain : normal

pain ECG : 1.5 mm ST depression compared to the ECG

without pain

1: WOULD YOU ADMIT THIS PATIENT?

! r ; ! | !

| (]

definitely net definitely
|

2 : WOULD YOU IMMEDIATELY DECIDE FOR ANGIOGRAPHY?

definitely not definitely
| I |

3 . WHICH MEDICATION WOULD YOU START?
{encircle those drugs you would prescribe)

: none

: B-blockers

: calcium antagonists
: oral nitrates

: inravenous nitrates
: aspirin

: heparin

g "h Q@ PO g
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We follow the patient at your department. Mr. R, is wreated with the therapy, you have
indicated at question 3.

Within 48 hours after admission, R.J suffers another attack of dull chest pain.

The ECG shows no changes compared to the ECG without pain.

The other findings, like pulse and blood pressure remain stable.

4 : WHICH OF THE FOLLOWING WOULD BE YOUR NEXT STEP?

a : coronary angiography

definitely not definitely
| | i | i £ I

b : exercise rolerance test

definitely not definitely
| 1 | i [ | |

¢ : addigonal medication

definitely not

| |

definitely
H

(encircie the drugs you would prescribe - both existing and additional medication)

: none

: B-blockers

: calcium antagonists
: oral nitrates

1 intravenous nitrates
: aspirin

: heparin

g th O O o
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AN EXAMPLE OF AN INTERVENTION STUDY IN PATIENTS
WITH UNSTABLE ANGINA:
Tissue plasminogen activator in refractory unstable angina.
A randomized double blind placebo controlled trial in patients with
refractory unstable angina and subsequent angioplasty.
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Tissue plasminogen activator in refractory unstable angina. A
randomized double-blind placebo-controlled trial in patients
with refractory unstable angina and subsequent angioplasty

M. VAN DEN BRAND, A. vaN ZiL, R. GEUSKENS, P. J. DE FEYTER, P. W. SERRUYS AND M. L. SiMoONS
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KEY WORDS: Unstable angina, tissue plasminogen activator, angioplasty.

To evaluate the effect of reconthinant tissue plasminogen activator {alteplase} on the clinical course, angiographic changes
and the outcome of subsequent coronary angioplasty. 36 patients with angina at rest, despite bedrest and medical treatment
including heparin, and with cencomitant ECG changes. were studied, After diggnostic angiography, patients were
randomized 1o receive either alteplase 100 mg in 3k (19 patients), or placcbo (17 patients ). The mean interval between
qualifying anginal episode and initial angiography was 10 and 9 it for the alteplase and placebo group, respectively.
Angiography was repeated and angioplasty was performed within 24 hours.

Between the first and the second angiogram, five patients in the alteplase and seven in the placebo group had recurrent
ischaemic episodes, while four alieplase and three placebo patients showed signs of myocardial necrosis ( creatine kinase
{CK] rise = wice the upper limit for normal). Intracoronary clots were recognized in three alteplase patients and one
placebo patient at the first angiogram, while twe alteplase patients and one placebe patient showed total occlusion of the
ischaemic-related vessel. After infusion, thrombi were present in four alteplase patients and one placebo patient, and total
occlusion in three alteplase patients and one placebo patient. Quantitative coronary angiograpfly showed no change in the
percentage diameter stenosis of the ischaemia-related segment after drug infusion, (alteplase 67 + 16 to 69 4 16%; placebeo
65+ 111063+12% ). Angioplasty was successful in 14 of 19 alteplase and 14 of 16 placebo patients. Three patients after
altepiase and two placebo patients developed myocardial necrosis during percutancous transluminal coronary angioplasty
(PTCA), and one alteplase patient required urgent bypass surgery. Minor bleeding complications were observed in six
aiteplase patients before the second angiogram and in five alteplase parients and one placebo patient after PTCA. One
patient after afteplase developed a fatal retroperitoneal haemorriiage. .

In patients with unstable angina refractory to medical treatment, including heparin, altepiase has no beneficial effect on
the severity of coronary stenosis, on the clinical course, or on the success of u subsequent angioplasty procedure. Thus
thrombolytic therapy with alteplase for unstable angina cannot be recommended on the basis of this investigation.

Imtroduction In order to assess the value of thrombolytic therapy
with alteplase in patients with ongoing unstable angina
despite medical therapy including heparin, a randomized
trial was undertaken, Quantitative analysis of the coron-
ary arteriogram was performed in order to verify whether
the culprit lesion was improved by thrombolytic therapy.
Furthermore the clinical course and outcome of the
subsequent PTCA procedures were compared in patients
treated with alteplase or placebo.

In patients with unstable angina pectoris. intrcoronary
thrombus has been documented by angiography!™ and
angioscopy™, while biochemical studics have suggested
the presence of thrombi in the circulation™. In some
patients intracoronary thrombi can be resolved by intra-
coronary adminisiration of streptokinase™l, Resolution
of such thrombi by thrombolytic therapy may be expected
to improve coronary blood flow, and to prevent or reduce
subsequent ischacmic episodes.

A few studies have reported a reduction in recurrent
ischaemic episedes, in the incidence of sudden death and
an improvement in the ischaemic threshold dering atrial
pacing!'™'¥, Furthermore, it might be expecied that
thrombolytic therapy could reduce acute thrombotic
occlusion during PTCA of the ischaentia-related segment.
which occurs in approximately 10% of patients who
undergo PTCA for unstable anginal’*',

Patient selection and methods

Included in the study were patients between 21 and 75
years with: (a) Recurrent episodes of chest pain after
hospital admission, despite bedrest and medical treat-
ment, with at least one episode with concomitant revers-
ibie ST-T segment changes or persistent negative T waves
on the electrocardiogram. (b} A diagnostic coronary
arteriogram, within 24 h after the last episode of chest
pain. {c) The “culprit’ coronary lesion suitable for PTCA.
Total occlusion of an ischaemia-related vessel, which

Submizted lor publication on 4 June 1990, and in revised form 3 Oclober 1590,
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supposedly was of recent date, was considered acceptable
for angioplasty. (d) Ability to perform 2 second coronary
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angiogram. followed by PTCA within 24 b after the
diagnostic angiogram.

Excluded were patients with known bleeding disorders,
recent major trauma, including resuscitation, or 2
bleeding history in the past 3 months, including cerebro-
vascular, gastric or genito-urinary tract bleeding, Patients
with persistent hypertension and patients wnable to give
informed consent were also exciuded, as were patients
with previous angioplasty of the same coronary segment
now judged to be related to the ischaemic myocardial
zone, the so-called ‘culprit” lesion. Informed consent
was obtained after completion of the first (diagnostic)
angiogram,

Reversible ST-T segment changes were classified in one
of four categories: ST scgment elevation or depression of
at least 0-1 mV, persistent negative T-waves, or minimal
ST-T segment changes not fulfilling the criteria for the
other categorics.

All patients were treated with the following combi-
nation of medication: (I} Heparin 1000 [lU.h~', ora dose
sufficient to prolong the activated partial thromboplastin
time to twice the normal value, after a bolus injection
of 5000 1U of heparin. (2) Beta-blockers, metoprolo]
50-200mg,. in order i0 reduce heart rate to 60 beats.min =",
(3) Caldum antagonists, nifedipine, in a dose of
40-120 mg.day~". (4) Intravenous nitroglycerin in a dose
between 50 to 300 ug.min~".

The patients were randomized to receive either alteplase
infusion {Actilyse®) or placebo, supplied by Boehringer
Ingetheim International. The study medication was
started as soon as possibie after the first coronary angio-
gram. in z double-blind manner. An injection of 10 mgi.v.
was followed by an infusion of 50 mg in the first hour and
20 mg.h~! for the subsequent 2 h. Thus, a total dose of
100 mg alteplase or placebe was administered in 3 h.

Coronary angiography was performed using the
Judkins technique as soon as possible after the qualifying
anginal attack and repeated within 24 h alter the start of
the study medication. The coronary artery responsible lor
the ischaemia was identified by means of electrocardio-
graphic location of the reversible ST segment changes
during chest pain. In patients with multiple lesions in
the ischaemia-related vessel, the most severe lesion was
considered the “culprit” lesion. At least two orthogonal
projections were made of the coronary artery segment
with the culprit lesion, after intracoronary injection of |
to 3 mg isosorbide dinitrate. The culprit lesion was filmed
in exactly the same projections in the first and second
angiogram. Low osmolar contrast mediurn (fopamidel)
was employed. Intracoronary clot was defined as an intra-
luminal filfing defect surrounded by contrast material. A
totaily occluded vessel was considered as representing
intracoronary thrombus, osnly if the distal margin had a
convex, irregular or hazy shape, and contrast reteation or
staining occurred. All coronary angiograms were scored
by at least two observers who were blinded with respect to
the treatment.

The angiograms were analysed in a quantitative
manner with the Cardiovascular Anglography Analysis
System. Minimal lumen diameter (Dm) and inter-
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polated relerence diameter (Or) were ealeulated in mm1¥
using the catheter tip as a calibration measure. Percent
diameter stenosis was calculated.

The extent of the obstruction was determined [rom the
diameter function on the basis of curvature analysis and
expressed in millimeters, *Plaque area’ is the difference in
area in mm’ between the reference and detected contours
over the leagth of the lesion!'”l. Arca stenosis was calcu-
lated by videodensitometry. The densitometric profile
was measured at the site of maximal narrowing of the
vessel, and compared with the arca of a reference segment.

The second angiogram to be followed by angioplasty
was scheduled between 12 and 24 hours after the first
angiogram. I patients had recurrent ischacmia, the
sccond angiogram and angioplasty were performed on an
emergency basis. Before the start of the PTCA procedure,
250 mg of acetyl salicylic acid and 100 mg of heparin were
administered intravenously, An extra dose of 30mg ol
heparin was administered every hour alter the start ol the
procedure. Monorail Piccolino (Schneider-Shiley, Zirich)
balloons were employed, introduced over high torque
floppy 0-014" guide wires. {Advanced Cardiovascular
Systerns, Billerica, Ma), In case of abrupt occlusion of
2 dilated lesion, oversized balioons, longer inflation
duration and intracoronary streptokinase infusion were
attempted in this order. Primary success was defined asa
less than 50% residual diameter stenosis ia the culprit
lesion, without signs of myocardial infarction or recurrent
ischacmia within 24 hours, and without urgent coronary
bypass surgery.

The eflicacy of treatment was assessed in several ways:

I. Frequency of recurrent ischaemic events between the
first and the second angiogram {maximal 24 hours).

2. Incidence of myocardial infarction during this
observation period as assessed by serial serum enzyme
measurements, For this purpose, serum CK was
measured every 12 hours until at least 72 hours alter
the first angiogram, and 6 hours after each episode of
chest pain, Myocardial necrosis was considered to be
present when serum CK content was at any time more
than twice the local upper limit for normal (ie.
=200 EUI7Y.

3. Quantitative angiographic differences between the first
and the second coronary angiogram.

4. Presence or absence of intracoroanary filling defects in
both angiograms.

5. Procedural complications dunng angioplasty, such as
death, myocardial infarction, abrupt closure of the
dilated vessel and the need [or cmergency coronary
bypass surgery.

STATISTICAL ANALYSIS

Differences between groups were analysed with a two-
tailed Student t-test, Changes in quantitatively measured
corpnary artery sienosis in each group were compared
with a two-tailed paired t-test. Differences in incidence
of recurrent ischaemic attacks, myocardial infarction,
presence of intracoronary clots and the occurrence of
abrupt occlusion during angioplasty between groups

CHAFTER 7
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Table 1 Ciinical, haemodviamic, clecirocardiographic and angio-
graphic characterisiles of each patient group

Group Alleplase Placebe
N 9 [7
Male/female 16/3 £3/4
Mean age (years) 59 62
Previous infaret 7 10
Previous CABG 0 I
ECG changes during ischacmia
ST-T clevation =01 mV b 9
ST-T depression =0-1 mV 3 4
Persistent negative T waves 5 b4
Other ST-T changes 4 2
Ischacmia-related vessel
Left anterior descending artocy 1 6
Right coronary artery 3 7
Lelt circumflex artery 2 4
Muiti vessel discase 5 5
Ejection [raction:
<050 1 2
=050 16 14
Missing 5 1

CABG, coronary anery bypass graft.

treated with alteplase or placebo were determined with
Fisher’s exact test.

Results

Between November 1987 and April 1989, 38 patients
with refractory unstable angina pectoris were enrolled in
the study. Two placebo paticnts were excluded from the
analysis because bleeding disorders, aiready presentat the
ume of randomization, had been overipoked. One patient
had a groin hacmatoma, and did not receive trial medi-
cation. In the other patient hacmatuna and bleeding
from a subclavian vein puncture were disclosed after a
bolus injection of 10 mg of trial medication, which was
subsequently discontinued.

Clinical characteristics of the remaining 36 patients
are summarized in Tables | and 2. The 17 preceding
mflarctions had occurred more than | month before
admission to the trial. At the time of the qualilying
episode 50% of patients were trealed with Intravenous
nitroglycerin, while 92% reccived oral anticoagulaats,
heparin or aspirin. At the time of the first angiogram all
patients except two were on intravenous nitrogzlycerin,
while 94% were on intravenous heparin or antiplatelct
drugs. Antipfatelet therapy belore the qualifying attack
and a1 the time of the first angiogram consisted of aspirin
80 to 500 mg per day. except in one placebo patient
who received dipyridamol, 300 mg per day, before the
qualifying attack.

RECURRENT ISCHAEMIA AND MYOCARDIAL NECROSIS
Between the start of drug infusion and the second

angiogram. 11 patients had one or more ¢pisodes of chest

pain, five in the alteplase group and six in the placebo

CHAPTER 7

group (NS). Severc recurrent ischaemia, not subsiding
with medical measures, necessitated urgent PTCA in five
patients, four in the alleplase and one in the placebo
group. In these patients angtography and PTCA were per-
formed between 4-5 and 8-5h after the first angiogram.
Four of these five patients developed myocardial infare-
tion. with peak CK values between 257 and 2019 JU.I7".
Clinical and electrocardiographic evidence. as well as the
timing of CK peaks indicate that myocardial infarction
occurred prior to the angioplasty procedure. Another
eight patients had signs of myocardial necrosis, fourin the
alteplase and [our in the placebo group. In retrospect, two
of these had already a CK rise before the first angiogram,
one had a CK risc before angioplasty, and five developed
myocard:al infarction during or directly after angioplasty
(Table 3).

QUALITATIVE AND QUANTITATIVE CORONARY
ANGIOGRAPHIC DATA AND THE PRESENCE OF
INTRACOROGNARY CLOTS

The sites of the culprit lesions are presented in Table 1.
In the first angiogram three patients had an occluded
ischaemia-related segment, and thrombi were recognized
in four patients. The occlusions were resolved at the time
of the second angiogram in all but one patient, but three
other new occlusions appeared (Fig. 1). Thrombi resolved
in two patients in the alteplase group, while at the same
time new clots appeared in two other patients from the
same group (Fig. 1).

Data obtained by gquantitative angiography are
summarized in Table 4. Twenty-nine patients showed non
completely obstructed vessels in all three angiograms, 15
in the treatment and 14 in the placebo group. No signifi-
cant differences were found between the two groups at
any time, i.e. during the first angiogram, or before or
after angioplasty. A significant reduction in cbstruction
diameter and percentage diameter obstruction was lound
in both groups aflter angioplasty. Changes in diameter
stenosis, obstruction length and plaque area between the
first and second angiogram were not significant neither
within, nor between both groups.

ANGIOPLASTY PROCEDURE

Angioplasty was performed in all 19 alteplase patients
and in [6 patients of the placebo group. One placebo
patient did not undergo angioplasty because the second
angiogram showed extensive clotting in theright coronary
artery, without a significant localized stenosis. In this
patient streptokinase 1'5x10°IU was subsequently
administered i.v., without effect on the proximal intra-
coronary thrombus but with some resolution of a peri-
pheral embolus in the posterolateral branch of the right
covonary artery. After elective administration of 100 mg
of alteplase iv., all clots resolved. leaving a virtually
normal coronary artery.

Dilatation was angicgraphically sucecessful in all 1§
patients in the placebo group and in 17 out of 15 patients
in the alteplase grouvp. One patient with unsuccessful
PTCA had a totally occluded right coronary artery at the
beginning ol an emergency angioplasty procedure, which
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Table 2 Moedical therapy at the time of occurrence of anginag at rest and at the time of the first

angiogram

At the time of the gualifying

At the time of the first

Medical therapy anginal episode angiogram
Alteplase Placcbo Altgplase Placebo

Oral anticoagulants 0 2 0 0
Intravenous heparin It 10 16 16
Antiplatelet drugs 5 s [ 1
i.v. nitroglycerin 9 9 18 16
Oral nitrates 4 5 i 0
Beta blocker 16 9 17 10
Calcium antagonist 7 1t 10 &
No therapy 0 kil 0 0

Tabic 3 Incidence of myecardial necrosis with maximal CK rise in IUA * in the alteplase and placebo

group

Alteplase group (n=19)

Placcbo group (n=17)

Before PTCA (n=4)  Aflter PTCA (n=3)

Before PTCA (n=3)

Alter PTCA (n=2)

257+ 288 222

348 357 275>

824* 758 490
2019*

636
656

*Indicates patients who underwent urgent angioplasty.

First
ongicgram

Second
angiogrom

rt~PA
i}

oRelcRcR-RORON N
@0000e8 00

Placebo
[3¥5]

@0e
o eO0

Figure 1 Qualitative coronary angiographic data before and after
alteplase or placebo infusion. O, Non-totally occluded coronary
artery without intracoronary filling defect; ®. totally occluded
coronary artery; €, intracoronary filling defect. Non-totally
occluded vessels, without iitracoronary clots in both angiograms,
are not depicted.
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could not be reopened permanentiy. The other patient
bad an occlusion of the lelt anterior descending artery
immediately alter angioplasty and was operated on as an
emergency. Two other patients in the alteplase group and
two palients in the placebo group had a CK rise after
angioplasty. Thus the primary success rate of dilatation ol
the ischaemia related vessel was 74% and $8% in the
alteplase and placebo groups. respectively. A second
stenotic site was successfully dilated in three out of four
vessels in the alteplase and in four out of four vessels in the
placebo group. A third stenotic vessel was successfully
dilated in one patient in the alteplase group.

In the alteplase group transient reocclusion was seen
in two patients. Bolli were treated successfully with
oversized bailoons, longer inflation duration and intra-
coronary inlusion of streptokinase, 500 0001U, but
nevertheless necrosis developed, documented by elevated
serum enzyraes, One other patient sustained a side branch
occlusion complicated by ventricular fibrillation. In the
placebo group three patients had transient reocclusion, all
treated successfully with standard procedures. although
ventricular fibrillation occurred in one patient. Two
of these patients developed elevated enzymes afler the
angioplasty procedure.

BLEEDING COMPLICATIONS
Bleeding between the first and second angiogram
occurred in five alteplase patients, but not in the placebo

CHAPTER 7
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Table 4  Quantitative angiographic data. The extent of the obstruction and plaque area could only be measured in non-oceluded vessels, Values are yiven as mean values + standard deviation. Ail
differences between and within groups were not significant before angioplassy

Extent obstruction (mm}) Plague area (mm?) Obstruciion dlametes (mm} Percentage diameter obstruction Percentage arca stenosis
A P

A |3 A 3 A P A P tn=10) (=9

First angiogram {1} T4+21 88+38 10-2 453 11-8+70 1-0+04 1404 67+16 65+11 g7+ 8418
Second angiogram T4+24 79435 10:04+ 6% 6+53 ¢9+04 10404 69416 61+12 50+9 B4+ 14

prePTCA(2)

Post PTCA () 68+ 3 I 71427 57447 61436 19406 19402 31419 3648 48417 49411
Al-2 —00414 09421 —024£39 22437 -0l +06 —0140-5 3+17 —2417 3+15 0112

PTCA =perculaneous ransluminal coronary angioplasty; A =aiteplase; P = placebo.
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group. Four had a haematoma at the puncture site in the
groin, one at another site.

Bleeding was observed after angioplasty in six other
patients after alteplase and in one in the placebo group.
One patient in the alteplase group died of the sequelae
of intimal dissection, which occurred when the guiding
catheter was advanced through the common iliac artery.
The other femoral artery was punctured and a proximal
LAD lesion was successfully dilated. At the end of the
procedure blood pressure dropped. a retroperitoneal
haematoma was diagnosed and the patient underwent
laparotomy. Alter drainage of this haematoma the circy-
lation seemed to be restored and the abdomen was closed.
He was treated with blood transfusions and measures to
restore normal coagulation, The next day the patient was
in good haemodynamic condition but showed signs of
occlusion of the right femoral artery. Embolectomy and
a crossover operation from the left iliac artery were
performed. However, bleeding in the retroperitoneum
progressed with subsequent ischaemia of the bowel and
the right leg. The patient died 48 h after the angioplasty
proced ure.,

The other five patients had local hacmatoma in the
groin, three of them with prolonged bleeding from the
puncture site alter removal of the sheaths, and one with
combined microscopic haematuria. One patient in the
placebo group had haematemesis and localized haema-
toma at a previous puncture site. In two patieats with
bleedingin thealteplase group. 6 and 7 units of blood were
administered while the patient in the placebo group was
treated with Haemacel®. One patient who was excluded
{rom the analysis had an uncomplicated course. The other
patient was entered in the trial for recurrent ischacmia 3
days aflter a myocardial infarction. Eight hours after
diagnostic angtography and again 2 days later he
exhibited signs of reinfarction with cardiogenic shock.
He died one week later in spite of treatment with intra-
coronary streptokinase, emergency angioplasty, altepiase
and intra-zortic balloon counterpulsation.

Discussion

In spite of previous reports that patients with
unstable angina might benefit from thrombolytic
therapy!™>"*"*1%2 1o peneficial effect was observed in
the present study, Administration of aleplase neither
reduced the angiographic severity of the culprit lesions,
improved the clinical course, nor facilitated subsequent
PTCA in patients who were already treated with heparin
and/or aspirin.

Quantitative analysis of coronary artery stenosis was
used in the present study because this is the most sensitive
method of detecting changes in diameter stenosis or other
characteristics of the lesion. Nevertheless, we observed
no significant decrease in the severity of the underlying
corenary artery stenosis, either after alteplase, or in the
placebo group. Theextent of the obstruction, plaquearea,
minimal lumen diameter and obstruction area revealed no
significant change in either group. Similar findings were
reported by others!'™'™, while one recent report demon-
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strated a small improvement in percent diameter stenosis
in patients treated with alteplase and/or heparin®. In
these studies the caleulated diameters of ‘culprit” stenosis
were similar to those in the present study.

Measurement of percent diameter stenosis might not be
the optimal indicator of the remaining lumen in cases of
intracoronary thrombus or asymmetric lesions™. How-
ever, densitometric measurements did not disclose 2
change in severity of stenosis after zalteplase infusion
in our studv population. Similarly. videodensitometric
measurements of area stenosis did not improve after
intracoronary infusion of 10000C to 300000IU of
streptokinase in another study of 37 patients with
unstable angina or non Qinfarction!',

The Jack of a beneficial effect of thrombolytic therapy
raises the question whether intraluminal thrombosis is
indeed a major cause of ‘instability” of the symptoms in
these patients, The presence of intracoronary thrombus
has beer reposted in 1 to 52%0% of paticnts with unstable
angina, using coromary arteriography as a diagnostic
criterion. However, theindividual eriterionin these studies
differed widely, ranging from occlusion, supposedly
caused by thrombus, intraiuminal delects and intra.
luminal staining, 1o a reduction of stenosis severity alter
streptokinase infusion. Intraluminal defects, suggestive of
clots, were observed in four patients In this study. while
three other patients had a total occlusion suggesting
recent clot formation. Two out of three patients treated
with alteplase showed resolution of ¢lots in the second
angiogram., and in one other patient. inidally given
placebo, extensive clotting in the right coronary artery
resolved when zlteplase was administered after the second
angiogram. Thus thrombolytic therapy with alteplase
may be beneficial in a few selected patients with unstable
angina and extensive clots visible on the angiogram,
However, systematic therapy with thrombolytic drugs in
patients with unstable angina does not seem warranted.
in lact new clots appeared in three patients in spite of
preceding treatment with alteplase.

The lack ol efficacy of thrombeolytic therapy in the
current study may be related to the [act that 92% of the
paticnts were treated with oral anticoagulants, heparin, or
antiplatelet drugs at the time of the qualilying episode of
angina. It is likely that factors other than intracoronary
thrombosis contribute to the acute coronary syndrome in
those patients who remain “unstable” in spite ol anti-
coagulation and anti-platelet therapy. This z2iso explains
the relatively low incidence of visibie intracoronary clots
in our study.

In three studies which reported higher incidences of
intravenous thrombosis. between 41% and 68%. the
patients were not pre-treated with heparinP#124,

ANGIOPLASTY PROCEDURAL COMPLICATIONS

Major complications of angioplasty, defined as
procedure-related death, myocardial infarction or urgent
surgery are infrequent (3%) in patients with stable angina.
Complications are more frequent (10%) in patients with
unstable angina, and may amount to 20% of patients
requiring urgent angioplasty [or intractable anginal'®*%,
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as in the present study. It should be noted that after the
first coronary arteriogram all patients were treated with
i.v. nitroglycerin and heparin. while the majority were
already receiving heparin and/for aspirin at the time of
the qualifying episode of angina. Despite this inlensive
medical treatment, seven paticnts developed 2 myocardial
infarction before the second angiogram. In (our of these
and one other patient urgent angioplasty was performed.

Successful angiographic dilatation (diameter stenosis
after angioplasty of less than 50%). was achieved in 89
and 100% of paticnts in the alteplase 2nd placebo groups
respectively. although fve patients developed 3 moderate
CK rise after intermittent reocelusion during the pro-
cedure. Thus the primary success rale was 74 and 88%. Jt
should be noted that no intracoronary clot was observed
prior to the angioplasty procedure in the patients with
transicnt reocclusion. All five paticnts with intra-
coronary ¢lots pre angtoplasty and three patients with a
totally occluded ischaemia-related vessel had successful
uncomplicated angioplasty procedures,

Conclusion

Intravencus administration ol altephise in this paticnt
group with unstable angina, in spite of extensive medical
therapy. did not have any [avourable effect, either on
the culprit lesion, the clinical course, or the outcome of
subsequent angioplasty. On the contrary one [atality
occurred, which might be ascribed to a complication ol
the procedure and the administration of a thrombolytic
drug. It is possible that thrombolytic therapy is beneficial
in selected patients with angiographically demonstrated
intracoronary clots as observed in one patient. However,
based on the presently availabic data, thrombolytic
therapy cannot be recommended in patients with unstable
angina.

We gratelully acknewledge the heip of Kuarin Nijssen (or
monitoring the trial and of Marjolcin Wapenuar for preparing the
manuseript.
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Introduction

In this chapter the main results of the smdies described in the previous chapters are
summarised. The findings with respect to diagnosis, pregnosis and management
strategies are compared with another large duich study’ and with two other large studies
form the recent literature™. Finally, suggestions for future research are given.

Definitions used in studies on unstable angina

A major concemn in studying the clinical entity, described as "unstable angina’ is the
definition of this disease entity, As noted in chapter 1 definitions of unstable angina
vary from wide criteria as "all forms of angina, which are not presumed to be ’stable’,
ie. when there has been no change in the frequency, duration, or precipitating factors
during the preceding 60 days™, to "persisting angina at rest, despite intensive medical
treatment, with reversible ECG changes during pain™*. Patients with anginal patterns,
recognised as unstable angina at presentation in the emergency unit, represent a different
population than patients who have been observed in hospitel and in whom the nature
of the symptoms has been determined by objective signs of reversible ischemia and
myocardial infarction has been ruled out by serial electrocardiograms and enzyme
assessments. Specifically, as indicated in the flowchart depicted in figure 1.1, severzl
subgroups can be indicated, all of which are denoted as 'unstable angina’. First, the
entry of the flowchart represents 2ll patients presenting with symptoms, suspected of
unstable angina at hospital admission, either with or without concomitant ECG changes.
Some patients with evolving myocardial infarction will be included in this classification,
but can only be recognised when enzyme assays have become abnormal, which may
take several hours. The HINT wtial' is an example of applicaton of such ’admission
diagnosis’, which was defined as symptoms (prolonged pain at rest) and signs (evidence
for myocardial ischemia and absence of signs of acute myocardial infarction) indicating
acute but reversible myocardial ischemia., A second category includes pauents with
symptems of unstable angina according to specified criteria, in whom myocardial
infarction has been ruled out by normal serum enzyme values. In these simations
padents are usually included 12 to 24 hours after admission, and include 2 subgroup,
indicated as UAP in the flowchart. This starting point is used in many observadonal
studies and clinical trials**’. Third, further narrowing of the definition may be applied
by including the in-hospital course. For example, intervention stdies, as described in
chapter 7, define unstable angina as pain at rest despite intensive medical treamment,
with concomitant ECG changes, where coronary intervention is indicated. These
subgroup of patients is indicated as "ANGIO’ in the flowchart, followed by the arrow
directed to "PTCA’, or to "CABG’ when it concerns studies evaluating the efficacy of
bypass operations™, A fourth subgroup can be identified as ’stabilised after a period of
unstable angina’, indicated as "DISCHARGE’ respectively "med Rx’ after angiography.
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These patients are discharged on medical therapy and are of interest for studies
evaluating certain therapeutic sirategies providing "secondary prevention’. For example,
tials on aspirin weatment for long-term prevention of future complications start
reatment 3 days after admission and continue weaument for on year or longer'’.

Which definition is chosen in a particular clinical trial depends in part on the
nature of the reatment option under study. The studied disease entity is defined in terms
of a homogencous chnical indicaton, with patient characteristics which are
representative for the indication at issue, but it should also refer to a particular stage in
the development of the disease. Given the rapidly changing nature of relevant diagnostic
and other clinical information in patients with unstable angina, it is of importance to
define the time of inclusion.

In contrast to studying how a certain drug or intervention affects outcome for a
specific group of patients, the present study was direcied to srudy how certain drugs and
interventions were appled in chinical practice tc patient with (suspected) unstable
angina. It was attempted to assess which patient characteristics were used to make
certain decisions. Patients admitted to hospital for suspected unstable angina, according
to the physician in charge, were followed during hospitalisation, and all information
which became available over dme was used to describe the decision making process.
It was appreciated that, for example, a patient’s history might be interpreted as "typical’
angina by one physician, and could be judged as ’atypical chest pain’ by another
physician or at a later moment in dme. The data used for the analyses described in this
thesis were all based on judgments of the treating physicians, and were not directed by
objective external criteria.

The initial diagnosis of suspected umstable angina, according to the physicians
in charge, was revised into myocardial infarction in 10% of the patients after a period
of observation, which was not recognised at admission, but became apparent after
several hours, when resuits of enzyme determinations indicating myocardial infarction
became available. This percentage was similar to the HINT wial'. In another 25% of the
patients, the presenting sympioms appeared later to be due 1o other causes, including
non-cardiac disease or non-specific chest pain.

Based upon admission diagnosis medical treatrnent, inciuding nitrates, aspirin
and/or heparin, was started in the majority of patients. This weamment strategy was
adapted over time depending on new diagnostic and prognostic information. Medical
wreatment was considered adequate in 50% of the patents with a final diagnosis of
unstable angina, while after a period of observation and medical teatment coronary
angiography was imitiated in 50% of these patients with a view 10 subseguent coronary
interventions. Given this reatment strategy patients with a definite diagnosis of unstable
angina according to the teating physicians have a relatively good prognosis. Hospital
mortality rate and infarction rate were Tespectively 2% and 5%. After 6 months 4% of

154 CHAPTER 8



the patients with definite unstable angina had died and 10% had developed myocardial
infarction.

Comparison with other trials

In order to compare the outcome of unstable angina in the current registry (chapters 2
and 3) with other studies, three recent large wials will be reviewed. The HINT swmdy’
reported the effect of B-blockers, calcium antagonists and the combination of the two
with respect to recurrent ischemia and myocardial infarction during the first 48 hours.
These patients were followed until 2 years after admission. Both HINT, which was alsc
conducted in the Netherlands, and our prospective registry included patients immediately
upon admission, and did mot include patents with possible non-coromary cause of
angina, such as anaemia (table 8.1). Patients over 70 years, patents with recent
infarction, and patients with maintenance treatment with nifedipine were excluded in the
HINT wial. Accordingly, patients in the UAP registry were older than in the HINT
study. For comparison, the numbers of those patients younger than 70 years in the UAP
registry are given separately in table 1. These patients had more often a history of
coronary artery disease, and a shorter painfree interval at admission. However, both
populations were comparable with respect to gender, duration of angina before
admission, electrocardiographic characteristics and use of nitrates and 8-blockers.
Although a wider entry criterium was used, 95% of the patients with a definite diagnosis
of unstable angina met the HINT criteria, i.e. ST-T changes had been observed or a
documented history of coronary artery disease was present. In both studies 10% of all
patients had in retrospect a myocardial infarction at admission. New infarctions occurred
in 17% of the HINT patients, and in 10% in the present study. Mortality rates were
similar for all patients, but was lower in the UAP registy when elderly people were
excluded. Despite differences in baseline characteristics, some of which are associated
with increased risk for myocardial infarction, the prognosis of patents with unstable
angina has improved in the Netherlands over the past ten years.

In table 8.2 the main features of HINT and two cther recent trials are
described™’°. All three studies excluded patients of elderly age and required objective
evidence of ischemia for inclusion. However, enrolment was restricted to patients with
pain at rest only in HINT, included both crescendo angina and angina at rest in the
"Theroux’ trial, and encompassed recent onset, increasing angina, angina at rest, and
non-Q-wave infarction in RISC. It is important to note that the interval between the
most recent pain episede and start of the study medication varied considerably between
these studies. As was shown in the HINT wial, the interval between pain and the siart
of the trial medicaton is strongly related 10 the rate of recurrent ischemia or myocardial
infarction within the first 48 hours. (see also figure 5.2). In HINT 10% of all patients
had myocardial infarction at admission, but siill 9% of the patients developed
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Table 8.1 Comparison of baseline characteristics and ouicome of patients in the presented

registry and in the HINT study
UAP registry HINT'
Baseline characteristics
=417 (n=290)" n=515

age > 65 years 44% (20%) 16%
men 64% (70%) T5%
history of CAD

myccardial infarction 46% (46%) 34%

PTCA 12% (14%) -

CABG 15% (17%) 7%

history of angina > 4 weeks 43% (49%) 40%
pain free interval

< 1 hour 63% (62%) 26%

1-3 hours 15% (15%) 35%

2 3 hours 21% (23%) 38%
ECG

baseline: STL > 0.1 mV 18% (23%) 18%

pain: 8T-T changes 35% (35%) 61%
medication before admission

nitrates 24% (22%) 19%

B-blockers 40% (42%) 34%

calcium antagonists’ 25% (24%) 1%

aspirin’ 21% (21%) 3%
Qutcome
mortality 4% (2%) 4%
myocardial infarction 10% (9%) 17%

* Numbers between brackets indicate the percentages for patients younger or equal o 70
years. T Maintenance weatment with nifedipine and aspirin use were exclusion criteria in the
HINT trial

myocardial infarction within 48 hours after admission. As most infarctions occur early
after admission, the differences in time interval between pain and start of the study may
explain the high infarction rate in the HINT study, but does not explain the higher
infarction rate in the RISC smdy compared to the study of Theroux. The RISC study
patients included patients with non-Q-wave infarction, which accounted for 49% of the
study population, and might have resulted in higher event rates.

The reported figures are the combined event rates of the treatment groups and
the placebo groups. HINT reported a beneficial effect of 8-blocker use in patients not
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Table 8.2

recent large trials

Summary of weatmnent strategy and prognosis in patients with unstable angina in three

HINT Theroux® RISC*!?
Design features
n 515 475 796
patient description ages70 yr ages73 yr men aged < 70 yr

chest pain at rest

reversible ST-T changes
or documented CAD

chest pain at rest

or with minimal exercise

ischemic ECG changes

non-Q-wave MI
angina at rest
increasing angina

recent onset angina
ischemia on ECG or ET

time between start of study

and most recent pain <12 hours
treatment
nifedipine
B-blocker
both
follow-up 1 year
Qutcomes
cardiac events
non-fatal infarction
in hospital / 1 mnth 13%
during follow-up 4%
death
in hospital / 1 mnth 1.7%
during follow-up 2.4%
nterventions
PTCA or CABG
in hospital / 1 mnth 14%
during follow-up 25%

Conclusion

pits not on f3-blocker:
metoprolol beneficial,
nifedipine dewrimental,
combination
no additonal effect
pts on B-blocker:
nifedipine beneficial

<24 hours <72 hours
heparin- heparin-
continuous infusion intermittent injections
aspizin aspirin
both both
3 months 1 year
4.4% 7.5%
29% 5.0%
C.4% 1.2%
1.3% 2.4%
nd. 1.8%
49% 11.8%
heparin and risk reduction after

aspirin beneficial.
heparin favoured over
aspirin.
combination
no additional effect

aspirin treatment.
no effect of heparin
or combinadon.
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on previous -blocker reamment, and a beneficial effect of addition of calcium blockers
in patents who already used B-blockers before admission. Theroux reported an
improved prognosis after heparin and aspirin treatment compared 1o placebo, but heparin
was favoured over aspirin. RISC found a favourable effect of aspirin weatment, but not
of heparin. The lack of efficacy of heparin in RISC is probably due to the dosage
scheme of intermittent injections, resuiting in insufficient anticoagulaton. In padents
with myocardial infarction it was found that patency after thrombolytic therapy was
related to the dosage of concomitant heparin treatment. Patency after 2-5 days was 72%
after inadequate heparin levels, 80% after suboptimal dosage schemes and 90% after
optimal treatment'’. In the UAP registry 80% of all patients were treated with nitrates
and heparin and/or aspinn after admission, and more than half of the patlents with 8-
blockers, which may account for the good prognosis. Based on the results of the above
described studies 1t is recommended to start initial treatment of patients hospitalised for
unstable angina with intravenous heparin and B-blocker treatment in addition to nitrates,
Cnly if a 8-blocker was already being taken before admission additon of a calcium
antagonist is to be considered. If this pharmacologic management strategy fails and
angina recurs, coronary angiography is performed followed by angioplasty or coronary
bypass surgery, if feasible. Long term preventive treatment may include plateler
aggregadion inhibiting drugs or a 8-blocker, or both.

Timing of interventions

Despite intensive medical treatment coronary revascularisation is performed in a large
proportion of patiemts. Coronary interveniions in patients with unstable angina are
directed toc prevent new episodes of ischemia as well a3 progression to myocardial
infarction or death. As most infarctions in patients admitted for unstable angina occur
early, it seems preferable 10 perform angiography and subsequent revasculatisation as
soon as possible. On the other hand, it has been reported that emergency procedures
have a greater risk in patients with unstable angina'>". Acute coronary occlusion after
PTCA occurred more frequently in patients with unstable angina, with multivessel
discase in patients with complex lesion in an observational study of 1423 consecutive
patients in the Thoraxcenter™®. Such complex lesions, indicating plaque rupture and/or
thrombosis, are found more often shortly after a period of unstable angina'. In the
present UAP registry 137 of 282 patients with a definite diagnosis of unstable angina
underwent angioplasty followed by PTCA or CABG in 100 patients. Ten of these
revascularisation procedures (10%) were complicated by procedural myocardial
infarcion of death. While these complications were not associated to emergency
procedures, the complication rate remains high. On the other hand, 6 infarctions
occurred during the waiting period for angiography or revascularisation. Two of these
6 infarctions occurred in patients who waited at home for the procedure. Another 10
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patients who waited at home were readmitted during this period because of recurrent
pain, and needed earlier intervention, and 1 cther patient, who was weated medically,
subsequently needed angioplasty because of recurrent pain. Thus the timing of
interventions has to be balanced between ’too early’ and ’too late’. It seems beneficial
to wait several days afier the unstable period before performing coronary interventions,
but also to &y to perform the procedures before hospital discharge.

Based upon available evidence it is concluded that prognesis in unstable angina
is better prognosis than thought in general. Many patients can be managed with non-
invasive measures. Revascularisation procedures are not without risk. However, patents
have a good prognosis after successful revascularisation {chapter 3), but also a high rate
of reinterventions. Coronary intervention can be reserved for a specified subset of “high
risk’ patients. This “high risk’ group includes patients with recurrent pain with ECG
changes, post infarction anginz, and padents with severe multivessel coronary artery
disease and impaired left ventricular function.

Difference in angiography rate and subsequent intervention

A major difference is observed with respect o the frequency of coronary interventions
(table 8.2). The HINT tmal was conducted between 1980 and 1984, whereas the other
two trials were performed between 1985 and 1988. During the last decade the use of
coronary interventions in patients with unstable angina has increased substantially's".
The inclusion of patients after 72 hours may introduce a selection of patients who have
stabilised with medical weatment, and thus reducing the need for addition interventions.
In additon, the location of the studies is of importance as revascularisation rates are
known to be different among countries'®. The Canadian study’ confirmed the high
intervention rate in this area, and the Scandinavian study' the lower rates. The latter
revascularisation rate may be underestimated, as a waiting time of 6 10 8 months
between the ume of referral to angiography and the interventon and several
interventons occurred after conclusion of the study.

Apart from these regional differences in the use of coronary interventions,
considerable differences were found between in the two participatng hospitals in
Rotterdam in the UAP registy. The finding of these differences in one city was
explained in part by the availability of angiography facilities. Such "supply-driven” use
of facilites have also been described for other resources, such as available hospital
beds'®?, Neither the follow-up data from our UAP registry (chapter 3) nor the event
rates described in table 2 show differences in prognosis. Whether the supply is too large
can not be established with these data, but there is no indication that more facilities are
needed. The present faciliies seemed to be sufficient to treat the patients with an
indication for coronary intervention. As zll physicians admitted that the availability
would increase the number of procedures, more interventions would be performed if
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more faciliies were available, without evidence for better outcome. However, the
waiting time for patients referred from other centres was significantly longer than in the
hospital with in-house facilities. To prevent events in the waiting time these periods
should be reduced.

Suggestions for future research

Evaluation of current practice in treatment of patients with unstable angina pectoris is
useful to assess the effect of weatment strategies and to explore areas where further
improvement is required. Although the prognosis of unstable angina is better than
generally thought, there is still a4 considerable merbidity and morzality. The results of
the present study suggest three fiekis of possible management improvement.

The diagnostic phase, or the ume until definitive therapy has been selected,
varied between several hours to over 7 days. After 48 bours in 50-70% of all patients
no decision for definitive treatment had been made yet {figure 4.1). After admission
50% of the patients remains free of pain, while 55 to 70% of the recurzent pain episodes
evolved within 24 hours® (chapter 5). It is known that recurrent chest pain is associated
with cardiac events. Early recognition of the patients who are likely to remain free of
pain could shorten the hospital period for these low Tisk patients. Additional measures,
such as continuous 12-lead ECG monitering”, biochemical markers indicative for
unstable processes in an atherosclerotic plaque® or pharmacological stress testing™, may
be of value to identify of low-risk patients, and thus shorten the time needed to make
a definitive treatment decision.

Although medical treatment of unstable angina has been extended during the last

years, and prognostic improvement has been demonstrated, some contradictions have to
be explained. It has been described earlier that the effect of heparin use depends in the
level of andcoagulation. More detailed analysis of the effect of heparin in patients with
unsiable angina, by careful monitoring of haematologic variables, may offer an optimal
dosage regimen. To date, the value of thrombolytic therapy has not been confirmed in
patients with unstable angina (chapter 7). However, it has been suggested that subgroups
of patients, with evidence of inracoronary clots on the angiogram, may benefit from this
therapy. These subgroups have 10 be defined in further studies. Further work is needed
to define comparative effectiveness of various drugs reducing plaelet activation in
patients with unstable angina in order to reduce episodes of myocardial ischemia and
to improve prognosis™.
The complication rate of coronary interventions 1s stll a matter of concern. Angioplasty
procedures are often complicated by acute occlusion, leading to death, infarction or
emergency surgery. Until now no adeguate solution has been found to improve the
complication rate. Additional measures should be scught to protect the patients more
effectively during these interventions™.
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SUMMARY

This thesis provides a description of the clinical syndrome "unstable angina pectoris’
and of the patients who are admined and treated for unstable angina in two hospitals in
the city of Rotierdam. In chapter 1 2 literature review is given of the definitions, the
vndertying pathophysiologic mechanisms of unstable angina and the eatment optons
available. Unstable angina consists of a wide range of conditions intermediate between
chronic stable angina an acute infarction, all characterised by severe transient ischemia.
Definitions vary from ’each form of deteriorating angina, including recent onset angina
and progressive angina’ to ’severe angina at rest with concomitant reversible electro-
cardiographic (ECG) changes’. In addition, the level of medication and the time interval
between the last pain episode and presentation are considered in several definitions.
Plaque rapture or endothelial ulceration foliowed by platelet aggregation or a thrombotic
process, often in combinaton with coronary spasm, are considered to be the pivotal
factors in sudden changes in the degree of flow obstruction and hence in the conversion
from clinical stability to clinical instability. Coronary obstruction by these mechanisms
may develop and regress rapidly, inducing reversible episodes of myocardial ischemia
(unstable angina). Sometimes the obstruction progresses to total coronary occlusion,
inducing irreversible myocardial injury (infarction) or death. When a patient presents
with symptoms suspected of unstable angina it takes some time after admission to make
a definite diagnosis. Differentiation between reversible ischemia and imreversible
ischemia is only possible when the cardiac enzyme values are known, which are
released from irreversibly injured myocardial cells into the circulation during a period
of several hours. On the other hand patients may present with chest pain, which is
initially suspected of unstable angina, but appears in retrospect to be of non-cardiac or
non-specific causes.

In patients with definite ynstable angina the risk of progression to myocardial
infarction or death is on average 14% and 10% respectively. This risk is increased for
patients with recumrent pain and with concomitant ST-T changes on the
elecirecardiogram. Treatment of unstable angina is directed 1o initial relief of the pain
and to prevention of progression o infarction or death. Medical therapy of nitrates, 8-
blockers, calcium-antagonists, heparin and aspirin are usually given in various
combinations, and therevpon coronary revascularisation procedures (bypass surgery and
angioplasty) are available to manage the syndreme unstable angina.

In a prospective regisiry 417 consecutive patients were followed afier admission
for suspected unstable angina in two hospitals in Rotterdam. After observation 9% of
these patients had in retrospect myocardial infarction and in 26% the symptoms
appeared 0 be non-cardiac or non-specific. In 65% of the patients had a definite
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diagnosis of unstable angina. Medical therapy was started in the majority of the patients,
including heparin and aspirin. In addition 137 patients (33%) underwent angiography,
followed by subsequent bypass surgery of angioplasty in 10C patients (24%). Despite
frequent recurrent pain episodes during admission (53% of all patients) only 4% of the
patienis developed myocardial infarction and 1.4% of the patients died in hospital. The
occurrence of death was related to eiderly age and recent infarction (chapter 2).
During a follow-up period of six months the infarction rate was $.6% for patients with
a definite diagnosis of unstable angina and the mortality rate was 4.3%. The occurrence
of infarction or death was associated with elderly age and the presence of ECG changes
duting pain. The risk of death was also increased for men, for hyperiensive patients and
for patients who already used 8-blockers before admission. Ten percent of the patents
underwent as yet an angiography after discharge, followed by angioplasty of bypass
surgery in 7% of the patients (chapter 3).

A difference between the two hospitals was found with respect to the
angiography rate. In chapter 4 an analysis of the origin of this difference is presented.
The angiography rate for patients younger than 80 years without recent infarction or
revascularisation procedure was nearly twice as high in the Thoraxcenter of the
unjiversity hospital Dijkzigt, a hospital with in-house angiography facilides, compared
to a community hospital without such facilities, the Sint Franciscus Gasthuis. The
patients in the Thoraxcenter were younger and had a more severe history of coronary
artery disease than the patients In the Sint Franciscus Gashuis. Multdvariate analyses
were used 10 assess the patient characteristics associated with a subsequent decision for
angiography. Pauents ycunger than 70 years, with known hypercholesterolemia, with
progression of angina and multiple pain episodes before admission, who were already
weated with ce-blockers, and had ECG abnormalities at admission underwent
angiography more often. After adjustment of the patient characteristics the hospital site
still remained an independent factor asscciated with subsequent angiography. This
difference disappearsd 36 hours after admission. This means that for comparable
patients in the hospital with angiography facilities the decision to inifiate angiography
is made more often and also earlier in time.

In chapter 5 the resulis of an open interview are reportted. Physicians were asked
to describe their definition of "unstable angina’ and the preferred weatment sirategy.
Individual cardiologists used different definitions and expressed different risk estimates
for progression to myocardial infarction. These risk estimates were significantly higher
than the rates reported in the literature. In addition individual differences existed in the
judgment of the clinical course, in particular of the painfree period until the sitwation
is no longer considered unstable. The individual differences in opinions were
independent of the hospital simuation. All cardiologists admiued that they would decide
for angiography more often and earlier when they worked in a hospital with
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angiography facilides,

In addition, a series of paper cases, varying on seven clinical factors, were given to the
cardiologists. For each case description they were asked to indicate what kind of
treatment they would prefer. Using linear regression analysis the relative importance of
clinical variables for the decision to initiate angiography was calculated. Three groups
of physicians, who used similar information, could be identified. The first group of
physicians {27%) made their decision predominanty upon the prehospital informaton,
the second group (33%) relied on the new events in hospital, and the third group (40%)
based their decision on both the prehospital and in hospital information. Recognition of
these patterns may be helpful in the communication between physicians and can explain
why individual cardiologists come to a different decision in the same patient (chapter
6).

Finally in chapter 7 a clinical wial is presented on new weatment options. A
double-blind randomised placebo-controlled trial was performed in order to assess the
efficacy of thrombolytic therapy before angioplasty in patients with unstable angina,
despite intensive medical therapy. Angiographic nor clinical endpoints revealed any
differences between the placebo group and the treatment group. Based on these results
and those reported in other trials thrombolytic therapy can not be recommended in
patients with unstable angina.

In the general discussion the results are summarised and compared to several
large studies from the recent literatre, which were performed in different countries
under similar circumstances. The described results lead to suggesdons for future
research are given, such as the evaluaton of diagnostic measures 0 come 1w earlier
recognition of ’low risk’ patients and earlier decisions for the definite therapy and hence
shorten the admission period. Additional medical therapy should be further evaluaed
and for presenily used drugs, such as heparin, optimisaton of the efficacy may be
obtained by improved dose regimens. Finally, the complication rate of revascularisation
procedures is stll 2 matter of concemn and additional measures to reduce these
complications may further improve the prognosis of patients with unstable angina.
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SAMENVATTING

Dit proefschrift bestast vit een beschrijving van het ziekwiebeeld 'onstabiele angina
pectoris” en de patiénten die als zodanig opgenomen en behandeld werden in twee
Routerdamse ziekenhuizen. In het eerste hoofdstuk wordt een overzicht gegeven van de
kennis die de lteratuuor verschaft omwent de definide, de pathogenese en de behandeling
van onstabiele angina. De definities van onstabiele angina lopen uiteen van “elke vorm
van angina pectoris die in ernst is toegenomen’ tot “langdurige pijn op de borst in rust
met reversibele electrocardiografische (ECG) veranderingen zonder enzymstijgingen’.
Aznvullend worden het niveau van de medicatie waaronder de pijn ontstaat en de
tidsduur tussen de laatste pijnaanval en de presentatie in de definite betrckken. Een
periode van onstabiele angina pectoris wordt vercorzaakt door een ruptuur van ecn
atherosclerotische plaque in een kransslagader, mogelijk gevolgd door vaattonus-
verhoging en thrombocytenaggregatie, waardoor de bloedtoevoer naar de hartspier wordt
belemmerd. Wanneer dit proces reversibel is en er geen dlijvende schade aan het
hartspierweefsel is ontstaan spreekt men van onstabiele angina Voortschriiding van
kransslagadervernauwing kan leiden tot totale afsluiting met als gevolg een hartinfarct
(permanenie beschadiging van een deel van de hartspier) dat tot de deod kan leiden. Bij
opname van een patiént met klachien die verdacht zijn voor onstabiele angina, zijn de
anamnese en het ECG de belangrijkste diagnostische middelen. Er is na opname enige
tijd nodig om tot een definitieve diagnose van onstabiele angina of een andere diagnose
te komen. De kiachten bij opname kunnen achteraf blijken te berusten op een infarct op
grond van verhoogde enzymwaarden die op weefselversterf duiden en die pas na enkele
uren aantoonbaar zijn in het bloed. Anderzijds kunnen de klachten berusten op niet-
cardiale of aspecifieke oorzaken.

Patiénten met onstabiele angina hebben een risico om binnen een jaar alsnog een
infarct te krijgen of te overlijden van gemiddeld 14% respectievelijk 10%. Dit risico is
verhoogd bij patiénten met frequente pijnaanvalien en met ST-afwijidngen op het ECG.
De behandeling van onstabicle angina is erop gericht nicuwe aanvallen van pijn en de
ontwikkeling van een hartinfarct te voorkomen. Medicamenteuze therapie bestaat wit
(een combinatie van) nitraten, B-blokkers, calciem-antagonisien, heparine en aspirine.
Daarnaast kunnen een bypass operatie of ballendilatatic worden uitgevoerd teneinde de
bloedtoevoer naar de hartspier e verbeteren.

In een prospectief onderzoek werden 417 opeenvolgende pati€nten in twee
zickenhuizen in Rotterdam gevolgd, die opgenomen werden onder verdenking van
onstabiele angina pectoris. Na observatie werd bij 9% van de patignten alsnog een
myocardinfarct gediagnostiseerd, bij 26% was de diagnose nict-cardiaal of aspecifieke
borsipiin en bij 65% werd de diagnose “onstabicle angina’ gehandhaafd. De parignten
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werden met intensieve medicamenteuze therapie behandeld, inclusief heparine en
aspirine. Aanvullend werd bij 137 patiénten (33%) een angiografie verricht, gevolgd
door ballondilatatie of bypass chirurgie bij 100 pat€nten (24%). Ondanks frequent
vocrkomende recidief pijnaanvallen tjdens opname (53% van de patiénten) ontstond bij
slechts 4% van de patiénten een hartinfarct en overleed 1.4% van de patignten djdens
opname. Bijna de helft van de infarcten was gerelateerd aan een revascularisatie-
procedure, Overlijden was geassocicerd met een hoge leefiijd en met een recent infarct
voor opname (hoofdstuk 2).

Gedurende een vervolgonderzoek van zes maanden werd een totale infarct
frequentie van 9.6% en e¢n mortaliteit van 4.3% geregistreerd voor patigénten mest een
definitieve diagnose ’onstabicle angina’. Het risico vooer een infarct of overlijden was
verhoogd voor patiénten boven de 70 jaar en voor pati®nten met ECG veranderingen
tjdens pijn. Het overlijdensrisico was bovendien verhoogd voor mannen, voor mensen
met hypertensic en bij 8-blekker gebruik v66r opname. Na ontslag onderging 10% van
de patiénten met onstabiele angina alsmog een angiografie, gevolgd door bypass
chirurgie of cen ballondilatatie bij 7% van de patignten (hoofdstuk 3). Het zektebeeld
onstabicle angina pectoris zoals dat in de twee deelnemende ziekenhuizen werd gezien
heeft een goede prognose onder het huidige beleid, met intensieve medicamentsuze
behandeling en een groot aantal interventies.

De registratie liet ¢en verschil zien tussen de twee ziekenhuizen in het aantal
pati€nten waarbij een hartcatheterisatie werd verricht. In hoofdstuk 4 is een analyse
verricht naar de mogelijke oorzaken voor dit verschil. Bij pati€énten onder de 80 jaar
zonder een recent infarct of een recente revasularisatieprocedure werd in het academisch
ziekenhyis Dijkzigt ruim 2 maal zo vaak een angiografie verricht 2ls in het Sint
Franciscus Gasthuis. Het cerste ziekenhuis beschikr over eigen hartcatheterisatie-
faciliteiten, terwijl het tweede ziekenhuis deze faciliteiten niet heeft en zijn patidnten
moet verwijzen voor angiografisch onderzoek. De patiéntenpopulates im beide
ziekenhuizen verschilden met betrekking tot de leeftijd en de cardiale voorgeschiedenis.
Padénten in het Dijkzig: ziekenhuis waren gemiddeld jonger, hadden vaker een
voorgeschiedenis van coronairlijden en hadden een langere periode van angina voor
opname. Multivariate analyses werden toegepast om na e gasn welke patignten-
karakteristieken kondern voorspellen welke patiénten een angiografie zouden ondergaan.
Patiénten jonger dan 70 jaar, met bekende hypercholesterolemie, met progressie van
bestaande angina, met meerdere pijnaanvallen recent voor opname, die al behandeld
werden met B-blokker therapie, en met ECG afwijlangen bii opname werden vaker
geangiografeerd. Het verschil tussen de twee zickenhuizen bicef aanwezig, nadat
gecorrigeerd was voor de verschillende pati€ntenkarakteristieken. Dit verschil verdween
36 uur na opname. Dit betekent dat bij vergelijkbare patiénten in het ziekenhuis met
angiografie facilitelten vaker en vooral eerder tot een angiografie werd besloten.
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In hoofdstuk 5 is onderzocht hoe individuele cardiologen het zicktebeeld
*onstabiele angina’ definiéren en behandelen. In open interviews werd duidelijk dat er
verschil is in de definitie die de cardiologen hanteren en de prognose die ze aan het
ziektebeeld tockennen. Voor zover aangegeven werd gevreesd voor een hoger infarct
risico dan in de literatuor en in de beschreven registratie is gerapporteerd. Er werd
tevens verschillend gedacht over de siwatic waarin en wanneer een patiént
*gestabiliseerd” gencemd mag worden na een onstabicle periode. De individucle
verschillen waren niet gerelateerd aan de ziekenhuissituatic waarin men werkte. Echier,
alle cardiologen gaven aan dat zii vaker en eerder een angiografie zouden verrichten
wanneer zij beschikten over een catheterisatie laboratorium of minder vaak wanneer zij
hier niet over zouden beschikken. Aanvuilend werd zan de cardiologen een seérie
beschrijvingen van ’papieren’ pati¥mien voorgelegd, waarin een zevental klimische
gegevens werden gevarieerd. Voor elke casus werd een uitspraak gevraagd naar het te
voeren beleid in de gegeven situatie. Met lineaire regressie analyse werd voor elke
cardioloog bepazld welke gegevens hiifzij belang achtie om tot angiografie over te gaan.
Drie groepen van cardiologen, die hun besluit namen op grond van vergelijkbare
combinaties van gegevens, konden onderscheiden worden. De eerste groep kan worden
beschreven als cardiclogen die tot angiografie besloten voornamelijk op grond van
gegevens met betrekking tot de voorgeschiedenis en de presentatie bij opname (27%).
De tweede groep nam dit besluit voornamelijk op grond van nieuwe gebeurtenissen
tidens opname (33%) en de derde groep gebruikte zowel de voorgeschiedenis als het
beloop in het zickenhuis om ot een besluit te komen (40%). Herkenning van dergelijke
patronen kan behulpzaam zijn bij de discussie over het beleid voor een bepaalde patiént
en kan verklaren waarom cardiologen in een gegeven situatie tot een ander besluit
komen (hoofdswk 6).

Tot slot wordt in hoofdstuk 7 een klinisch onderzoek gepresenteerd naar het
gebruik van een nieuwe therapievorm om de bestaande behandelingsmogelijkheden te
verbeteren. In een dubbelblind gerandomiseerd placebo-geconiroleerd onderzoek is
nagegaan of een behandeling met trombolytische therapie voorafgaand aan een
baliondilatatie bij pati€nten met onstabiele angina ondanks intensieve medicamentenze
therapie de complicaties bij deze procedure kam verminderen. Angiografische noch
kiinische eindpunten lieten een verschil zien tussen de patiénten behandeld met
trombolyse en de patiénien behandeld met placebo. Op grond van deze en andere
onderzoeksresultaten is er geen reden om wombolytische therapie toe te passen bij
patignien met onstabicle angina.

In cen afsluitende discussic worden bovenstaande resultaten samengevat en
vergeleken met enkele grote onderzocken uit de recente literatuur die in verschillende
landen werden uitgevoerd onder vergelijkbare omstandigheden. De beschreven resuliaten
leiden tot mogelitke onderzoeksvelden in de toekomst. Met betrekkang tot de diagnostiek
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zouden aznvuliende procedures een cerdere herkenming van de laag risico’ pati€nten
kunnen bieden en zodoende kunnen leiden tot een sneliere besluitvorming ten aanzien
van de definitieve behandelingsvorm en verkorting van de opnameduur. Uitbreiding en
aanscherping van medicamenteuze therapie dient verder te worden onderzocht
Aanvullende mogelijkheden om complicaties bij bypass operaties en ballondilataties te
voorkomen kunnen in de toekomst mogelijk leiden tot een nog verdere verbetering van
de prognose bij pati€nten met onstabiele angina pectoris.
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