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CHAPTER 2 

Introduction 

Silent ischaemia has been recognised as a clinical entity since the beginning of this century 

("angina sine dolore"). [1] Already in the early 1970s ischaemic changes have been recorded 

in patients with coronary artery disease by ambulant electrocardiographic (ECG) monitoring. 

[2] For a long time, this phenomenon has not been given much attention because it seemed 

to lack a pathophysiological and clinical role. In particular, it proved difficult to define its 

precise relationship to its symptomatic counterpart, angina pectoris. However, the clinical 

significance is now generally being accepted, since prognostic studies have found an 

unfavourable outcome in patients with silent ischaemia. Yet, basic questions about the exact 

trigger mechanism of silent ischaemia in patients with coronary artery disease are still 

unanswered. The combination of hypertension and silent ischaemia seems an even more 

obscure alliance, with remarkably high numbers of hypertensive patients without obstructive 

coronary disease showing silent ischaemia. Furthermore, the role of silent ischaemia remains 

unclear in patients with left ventricular hypertrophy due to difficulties in detection of 

ischaemia in patients with electrocardiographic repolarisation abnormalities. 

In this review, we will briefly discuss silent ischaemia in hypertensives and left ventricular 

hypertrophy, but in order to do this we first discuss general topics such as the definition and 

mechanisms of silent ischaemia, the prevalence of silent ischaemia in different populations, 

different tests to assess silent ischaemia and the role of pain perception. We performed a 

Medline search from 1966 to January 1999 using the textword "silent isch(a)emia", limiting 

the search to publications on humans and in the English language. This yielded 483 journal 

articles. \X'e then focused on articles having silent ischaemia as the main topic. Relevant 

references not generated by the Medline search were included as well. 

Definition and mechanism 

Silent ischaemia is defined as an ischaemic episode of the myocardium of which the patient is 

unaware, as opposed to the painful experience (a crushing, retrosternal pain, often radiating 

to the jaw or left arm) of such ischaemic changes, that is classically known as angina pectoris. 

Apart from the experience of pain, it is considered that silent ischaemia qualitatively 

resembles angina pectoris, i.e. in ECG manifestations, perfusion defects [3] and severity of 

ventricular dysfunction. [4] It has also been found that, in patients with coronary artery 

disease (CAD), the more severe the ischaemic changes are on the ECG, the more often chest 

pain is an accompanying feature. [5] Studies investigating prognosis suggest an important 

relationship between silent myocardial ischaemia and adverse clinical outcome (myocardial 

infarction and cardiac death), as will be discussed later. 

18 



Silent ischaemia and hypertension 

All this suggests a close similarity between asymptomatic and symptomatic ischaemia. Both 

silent ischaemia and angina pectoris are believed to occur in the case of a discrepancy 

between myocardial oxygen demand and supply. In LAD patients this is caused in the vast 

majority of cases by atherosclerotic changes in the coronary vessels, reducing the supply, or at 

least impeding an increase in supply when cardiac demand is increased. [6] Reducing cardiac 

demand prevents or reduces the occurrence of ischaemia. For example reducing the 

sympathetic tone in hypertensive patients with stable angina by means of beta-receptor 

blockade has a beneficiary effect on the incidence of silent ischaemia. [7] Another study 

underlined the importance of pre-operative arterial pressure screening because of the strong 

correlation of elevated arterial pressure and the occurrence of silent myocardial ischaemia 

measured by ambulatory ECG monitoring. [8] Both studies emphasise the important role of 

heart rate and blood pressure in inducing silent ischaemia. Studies have investigated this 

relationship and found an increase of heart rate and/or blood pressure preceding the onset of 

silent ischaemia, thus finding an increase on the demand-side as a possible mechanism 

explaining ischaemia. [9,10] The product of heart rate and systolic blood pressure, 

conventionally called the double product, is a measure of myocardial oxygen demand. [11,12] 

The relationship between double product and onset of ischaemia seems especially convincing 

in experimental exercise testing, but in the ambulant setting the increase in heart rate appears 

to be the most important factor. [10,13] Many years ago, Davies et al [10] described this 

finding, studying 22 patients with proven CAD by means of continuous intra-arterial blood 

pressure monitoring and electrocardiographic recording, simultaneously in the ambulatory 

setting, while Trenkwalder et al, confirming this finding, [13] measured blood pressure using 

a portable oscillometric device, measuring at intervals, in patients > 70 years of age with 

hypertension. More recently Asmar et al [14] measured ambulator}' blood pressure (at 15-

minute intervals), heart rate and continuous ST segments in 100 hypertensives. They found 

more conflicting results with a rise in systolic blood pressure preceding silent ischaemia in 

55%, but no clear-cut pattern in heart rate changes. In 50% of patients there was no change 

in blood pressure or heart rate preceding the silent episodes, thus suggesting that a decrease 

in coronary blood supply is involved. Other studies emphasise that a decrease in coronary 

blood supply is more important than a change in cardiac demand in the ambulatory setting. 

[5,15] 

All these studies evaluate the supply/demand balance by means of investigating blood 

pressure and heart rate before and during ischaemic episodes. Another way of investigating 

such a relationship was proposed by Buckberg et al, [16] who introduced in 1972 a model to 

evaluate the balance between myocardial oxygen supply and demand by means of a pressure 
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ratio. In this ratio supply is expressed by the area under the aortic pressure curve during 

diastole {Diastolic Pressure Time Index, DPTI), because diastole is the period in the cardiac cycle 

during which endocardial blood supply predominantly takes place. This value is the 

numerator. Cardiac demand is expressed by the Systolic Pressure Time Index, SPTI, which has a 

fairly good relation to left ventricular oxygen demand and forms the denominator. [17] 

Other factors affecting the supply side on the microvascular level may be deduced from the 

fact that just as myocardial infarction, (silent) ischaemia tends to occur during the morning 

hours. [18] Apart from the aforementioned rise in heart rate and blood pressure, several 

myocardial flow-reducing processes occur in the morning, as reviewed by Muller et al. [19] 

Cortisol increases in the morning, possibly making cardiac vasculature more susceptible to 

the vasoconstrictory effects of catecholamines. The latter show a surge after assuming the 

upright position. Furthermore, relative hypercoagulability develops in the morning, caused by 

increases in blood viscosity and platelet aggregability. 

In conclusion, there is ample evidence of an increase in myocardial demand as the 

provocative factor in silent ischaemia, but some studies emphasise the importance of a 

decrease in coronary supply as the triggering factor of silent ischaemia, especially in the 

ambulatory setting. Presently, it is not possible to draw general conclusions about the 

contribution of the various factors to the genesis of silent ischaemia, but it seems plausible 

that both factors on the supply and the demand side play a role and that either one of them 

may dominate in different circumstances and different patient groups. 

Prevalence of silent ischaemia 

Not surprisingly the prevalence of silent ischaemia varies considerably in heterogeneous 

groups of patients. For example, Giagnoni et a/. [20] studied a group of 10723 apparently 

healthy subjects without chest pain and found a positive bicycle exercise test in 135 subjects. 

Five-year follow up showed a significant number of cardiac events in the group with reported 

ischaemia as compared to the controls, thus indicating that the observed positive test results 

were certainly not a false positive finding. Another study investigated a group of 105 men by 

means of coronary angiography after selecting them from a larger group of 2014 presumably 

healthy individuals by means of a positive ECG exercise test. [21] It showed that 69 of them 

had significant coronary disease, thus finding a prevalence of 2.4%. 

In patients with proven CAD and symptomatic cardiac ischaemia early estimations showed 

that about two-thirds of the ischaemic episodes are silent. [22] More recently, one study 

found that silent ischaemia occurs five times more often than symptomatic ischaemia in 

patients with CAD. [23] Several other studies report a prevalence of detectable ischaemia in 
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stable coronary artery disease ranging from 26 to 7 7 % , the majority of ischaemic episodes 

being silent. [9,11,24-26]. Thus , also in patients with C A D it is important to realise that when 

patients suffer from angina, the complaints represent only a fraction of the total ischaemic 

burden. The prevalences found in aforementioned studies are summarised in Table 2.1 

Tabic 2.1 Prevalence of silent ischaemia in patients with coronarv artery disease as assessed by 
ambulator}' electrocardiographic recording 

Author No . of Duration Silent ep isodes / treated/ Prevalence 
patients of recording total episodes untreated SI (%) 

(%) 
Aronow et al2* 

Deedwania et al23 

Deedwania et a/.u 

Mulcahy et al.25 

Kocco et a/.26** 

Krittaphayong et al? 

185 

97 

107 

172 

86 

76 

24 hr 

24 hr 

24 hr 

48 hr 

2x24 hr 

2x24 hr 

92 

87 

87 

86 

92 

ntreated 

ntreated 

ntreated 

ntreated 

ntreated* 

ntreated* 

34 

42 

43 

34 

53 

-12 

*medication withdrawn 2-9 days before testing ** patients selected by means of exercise ECG 
Abbreviation: SI: silent ischaemia 

In a study on patients with unstable angina, 6 0 % had transient ischaemic episode after 

stabilisation, while only 2 0 % of the patients were symptomatic. [4] Langer et al. [27] 

investigated 135 patients with unstable angina and found in 6 6 % of the patients episodes of 

silent ischaemia, revealed by Holter monitoring, the majority (68%) being silent. Post-

myocardial infarction patients constitute a different group for several reasons. They are a 

group with a higher incidence of the disease, but there may be a different pathogenesis in the 

absence of pain because of altered nociception in the area neighbouring the infarcted region. 

Another point is, that shortly after myocardial infarction, there are difficulties in diagnosing 

ischaemia due to persisting ST-T abnormalities. In one study, about a third showed ischaemic 

episodes, of which 8 0 % turned out to be silent. [28] Similar results were obtained by Opasich 

et al. [29,30] Even in Prinzmetal (vasospastic) angina, 9 0 % of the ischaemic episodes are 

silent. [31] Finally, in hypertensive patients estimations of prevalences of ischaemia ranges 

between 15 and 57%, depending on the population selected, of which almost all episodes are 

silent. [8,13,14,18,32-37] In these populations, the wide range in the prevalence of silence 

ischaemia can be explained by the lack of homogeneity among the patients observed. Also, 

selection bias might exist due to exclusion of patients with left ventricular hypertrophy. 

However, a recent study conducted by Stramba-Badiale et al. [38] showed in a carefully 

selected populat ion without evidence of coronary artery disease a prevalence of ST-

depression during Holter or exercise of 15%. A remarkable finding of this last study was that 
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the prevalence of ischaemic episodes was higher in women than in men as assessed by 

ambulatory monitoring, but not with exercise testing. A possible explanation is that among 

men, a larger proportion ot candidates was excluded because of already apparent CAD 

(angina or myocardial infarction) as compared to women. The findings stress the importance 

ot differentiation according to gender in studies assessing the prevalence of daily life 

ischaemia. The reported prevalences of silent cardiac ischaemia in hypertensives are 

summarised in Table 2.2. 

These data show that in selected populations a high prevalence of silent ischaemia can be 

found which will be underestimated if the physician is only triggered by overt angina pectoris. 

Table 2.2 Prevalence of silent cardiac ischaemia in hypertensive patients as assessed by ambulator}' or 
stress electrocardiographic recording 

Author 

Allman et alfi 

Asmar et aO4 

Scheler et a/.3i 

Siegel et al)% 

Stramba-Badiale et aP8 

Trenkwalder et a/.13 

Scheler et a/.34 

/.ehender et al}b 

Yurenev et a/.s 

Massie et al?1 

No. of 
patients* 

219 

209 

83 

100 

48 

186 

411 

41 

35 

144 

61 

222 

Duration 
of rec. 

16 hr 

24 hr 

24 hr 

24 hr 

48 hr 

24 hr 

24 hr 

24 hr 

24 hr 

48 hr 

SBP/DBP 
(mmHg) 

153/86 

178/106 

181/107 

163/102 

190/100 

144/85 

165/101 

192/100 

159/97 

174/97 

164/102 

154/95 

treated/ 
untreated 

treated 

treated 

untreated 

untreated 

treated ** 

treated ** 

treated ** 

treated ** 

treated ** 

treated ** 

treated ** 

Prevalence 
SI (%) 

26 

40 

52 

23 

50 

27 

15 

37 

49 

30 

57 

15 

* all patients were without baseline ST-T changes ' 
Abbreviations: rec., recording; SBP, systolic blood 

* medication withdrawn 1-3 weeks before testing 
pressure; DBP, diastolic blood pressure; SI, silent ischaen 

Tests to assess myocardial ischaemia 

Myocardial ischaemia can be assessed in a variety* of ways. All diagnostic tests used in the 

evaluation of symptomatic ischaemia can be used in diagnosing silent ischaemia, but due to 

the volatile nature of silent ischaemia in daily life, an ambulatory method is best suited for 

diagnosis. Before focusing on silent ischaemia, we will discuss briefly available methods to 

diagnose cardiac ischaemia per se. ST-segment recording assesses ECG-changes specifically 

during exercise or during 24-48 hour Holter monitoring, and is most commonly used. It 

defines ischaemia as ST-segment depression of 0.1 mV or more, for at least lmin., separated 

from other ischaemic episodes by at least 1 min., the so-called ' l x l x l rule'. [39] ST-

22 



Silent ischaemia and hypertension 

depression is usually measured 80 ms after the J-point although reports have suggested 

measuring 60 ms after the J-point because of higher sensitivity. [40] Other test methods aim 

to assess myocardial perfusion (Thallium 201 myocardial scintigraphy, single photon emission 

computed tomography (SPECT) or positron emission tomography (PET)), or assess wall 

motion (echocardiography and isotopic ventriculography with Tc 99). Finally, there are tests 

that study metabolic ventricular function (PET and nuclear magnetic spectroscopy). 

Myocardial lactate sampling in the coronary sinus during pacing of the heart may be 

considered as the 'gold standard' for myocardial ischaemia, since the production of lactate 

can be seen as the 'final common pathway' in the ischaemic myocardium. [41] 

The choice between these different tests depends largely on the characteristics of the study 

population and the specific purposes of showing ischaemia. Exercise electrocardiography is 

widely used for noninvasive detection of coronary artery disease due to its ready availability 

and relatively low cost. However, a few disadvantages exist when investigating patients with 

possible (silent) ischaemia. First, exercise electrocardiography is limited in its ability to define 

localisation and extent of ischaemic myocardium. Second, some ECGs are uninterpretable 

due to abnormal baseline ST segments, especially in hypertensive patients. This poses 

problems since the meaning of exercise induced changes in already abnormal ST segments is 

not well established. Third, the use of exercise electrocardiography in the hypertensive 

population can be limited by the risk of attaining dangerously high blood pressure levels. 

Finally, exercise electrocardiography has limited value in showing ischaemia occurring in daily 

life. The latter can be resolved by using ambulator}7 electrocardiography, thus finding more 

accurate information on the total ischaemic burden in daily life, which is especially relevant 

when investigating silent ischaemia. A few limitations in the use of ambulatory 

electrocardiographic monitoring should be mentioned. One has to be careful not to label ST-

depressions falsely as ischaemia related. ST shifts due to hyperventilation, position changes or 

Valsalva manoeuvre have been documented. [42] Furthermore, some patients cannot be 

monitored as a result of medication-induced ST segment changes (e.g. digitalis) or when ST 

segments are permanendy altered due to a conduction disorders such as bundle branch block 

or myocardial infarction. 

Sensitivity may be augmented by using either stress echocardiography or perfusion 

scintigraphy with physical exertion or pharmacological stress testing. [43] In a population of 

66 patients with suspected CAD, the sensitivities of stress echocardiography and methoxy-

isobutyl-isonitrile (MIB1-) SPECT as compared with exercise ECG was 80%, 89% and 52%, 

respectively. The specificity of the different methods was 85%, 7 1 % and 93%, respectively. 

Coronary angiography was used as the reference method, defining CAD as >70% luminal 
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area stenosis. Recently, the diagnostic accuracy of both exercise echocardiography and 

exercise SPECT have been compared in assessing coronary artery disease. In a large meta

analysis 44 studies were included, generating a study population of more than 5000 

patients. [44] Both echocardiography and SPECT had a similar sensitivity of 85% and 87%, 

respectively, but the specificity was higher using echocardiography (77% versus 64%). One 

has to keep in mind that these studies were not designed to define the diagnostic accuracy for 

silent ischaemia detection in general, but only in patients with coronary arterv disease, thus 

introducing uncertainty in the extrapolation of these findings when investigating other 

patients. This is exactly why the sensitivity and specificity of ambulatory ECG monitoring 

when trying to identify silent ischaemia is difficult to establish; most studies use this method 

as a means of CAD detection, with coronary" stenosis found during catheterisation as the 

reference method. Even in patients with stable coronary artery disease, one could question 

the use of the 'definition' of proven coronary artery disease, i.e. >70% (and in some cases 

>50%) luminal area stenosis, since a stenosis on angiography does not necessarily imply a 

reduced flow in the segment after the stenosis. 

In detecting silent ischaemia both exercise testing and Holter monitoring is now widely 

accepted in investigating patients with documented CAD as well as in patients with 

hypertensive heart disease. An American task force specially assigned to evaluate diagnostic 

and therapeutic procedures [45] discouraged ambulatory electrocardiographic monitoring in 

apparently healthy populations because of the risk of false positive results. [46] The relation 

between ambulatory electrocardiographic-detected ischaemia and exercise treadmill test 

detected ischaemia in patients with coronary disease has been investigated in the ACIP study, 

but no definitive recommendations could be made as regards to the best diagnostic tool. [47] 

It is recommended that measurements be performed for 48 hours with Holter monitoring in 

the experimental setting, because of a higher yield of silent ischaemia compared to 24 hours 

measurement. As a result, a lower number of patients need to be included. Tzivoni et al. 

found during 48 h monitoring 92% of the total ischaemic duration, as defined as the amount 

of ischaemia found during 72 hours of monitoring, compared to 64% in 24 hours. [48] For 

screening purposes, 24 hour monitoring can be considered. Adding another day will augment 

the detection of silent ischaemia from 66 to 87%. Recently the use of 12-lead 

electrocardiographic monitoring has been advocated in patients with unstable angina. [49] 

Not only the duration and number of detected ischaemic episodes were increased, as can be 

expected, but also the number of patients in which ischaemia could be detected (62% using 

3-lead and 77%% using 12-lead monitoring). VChen applied to Holter monitoring these 

developments will certainly increase the sensitivity of ambulatory testing. 
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Silent ischaemia and hypertension 

In conclusion, silent ischaemia can be detected using various diagnostic tests which are also 

used in the detection of symptomatic ischaemia. When seeking a measure of (silent) 

ischaemia which occurs during daily life, ambulator)- electrocardiography is the method of 

choice, since it is possible to measure noninvasively for a longer period of time. When the 

main interest is inducible ischaemia, either silent or symptomatic, exercise ECG testing, or to 

improve sensitivity, exercise echocardiography or scintigraphy, can be used. 

Pain perception in myocardial ischaemia 

It is not clear why some patients experience coronarv ischaemic events as painful, while 

others are asymptomatic during ischaemia. Altered neural pathways play a role in patients 

after cardiac transplantation in whom surgical denervation has been induced during 

operation. Another group of patients with altered nociception, because of changes in neural 

pathways, are diabetics with peripheral neuropathy. [50] Still, both groups may experience 

anginal equivalents such as dyspnoea. In patients without evidence of altered neural 

pathways, the pain stimulus induced by ischaemia may not be strong enough to reach the 

threshold of notice. This last mechanism considers silent ischaemia as being a less intense 

phenomenon than angina pectoris in which they are both part of the same continuum. 

Indicative is that the mean duration of asymptomatic ischaemia is shorter than symptomatic 

ischaemia, and that the heart rate shortly before an ischaemic episode is lower in silent than in 

painful ischaemia. [51] Falcone et al. [52] suggested an abnormally high pain threshold in 

patients with silent ischaemia, by showing higher baseline beta-endorphin levels that may play 

a role in decreased sensitivity to pain in patients with silent ischaemia. Recently Hikita et al. 

[53] showed that plasma p endorphin levels were higher in patients with silent ischaemia 

compared to patients with symptomatic ischaemia by comparing exercise induced ischaemia 

(silent or symptomatic) and coronary angioplasty' induced ischaemia. This can be explained by 

an inhibitory function of P endorphin by preventing radiation of pain perception from the 

thalamus to the cortex. This theory endorses the concept of a changing anginal threshold that 

might be modulated, among others, by p endorphin. Higher levels of P endorphin would 

create a higher anginal threshold. One of the reported triggers for p endorphin release is 

mental stress. [54] 

Bradvkinin (among other compounds) is being formed in ischaemic myocardium after 

coronary occlusion. Together with prostaglandins bradykinin forms the natural stimulus for 

the afferent pain receptors of the heart. The most important neural fibres of the central 

nervous system in pain transmission to the brain are the slow C-fibres. Larger, non-

nociceptive sensor)* A-fibres can be inhibitive to these C fibres. This is the so-called gate 
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control theory. [55] These fibres run subendocardially from apex to base and enter the spinal 

column at the dorsal columns of level T1-T5 where they connect with neurones. These cells 

are the origin of the spinothalamic tract. Nociceptive information travels further upward in 

the spinothalamic tract, the signals are further transported to the basic ganglia and the limbic 

system from where connections exist to the somatosensible cortex, making the patient aware 

of pain. It can be concluded that numerous mechanisms are involved in making a patient 

aware of cardiac ischaemia. For different populations several pathophysiological mechanisms, 

either changing structural neural pathways or influencing the threshold of nociception, are 

likely to exist, precluding generation of a unifying theory. 

Silent ischaemia and hypertension 

As mentioned before, patients with hypertension are at risk for ischaemia, symptomatic or 

asymptomatic. Several studies have shown that blood pressure and heart rate are the main 

factors triggering an ischaemic response in patients with overt coronary artery disease, but 

only a few studies have analysed those parameters in hypertensives. [13,35,56] The prevalence 

of ischaemia in a hypertensive population without proven coronary artery disease varies from 

15% to 57% . [8,13,14,18,32-37] These studies investigate both treated and untreated patients. 

Allman et al. [8] tried to make a distinction between patients who never received any 

medication and those who did. Accurately treated hypertensives had a prevalence of 26% 

silent ischaemia, poorly treated patients showed a prevalence of 52% silent ischaemia, while 

untreated patients showed silent ischaemia in 40% of cases. It is remarkable that in about 

50% of patients with angina pectoris and hypertension, angiography revealed normal 

coronary arteries. Also, chest pain in patients with hypertrophic cardiomyopathy, the possible 

result of long-standing hypertension, tends to have atypical features: it may occur at rest, has 

a variable threshold of onset and a prolonged duration. Furthermore, the majority (up to 

90%) of ischaemic episodes were silent. [34] It has been postulated that alterations in 

coronary haemodynamics and microcirculatory changes play an important role. Already in 

1984, a study was performed in which coronary reserve was investigated by measuring 

coronary blood flow with and without dipyrimadole-induced vasodilatation. The cardiac 

microvasculature was microscopically assessed after left ventricular catheter biopsy. [57] The 

results showed that coronary reserve was markedly reduced in hypertensives but histologic 

alterations in myocardial microvasculature could not be detected. Other studies in patients 

with hypertrophic cardiomyopathy discuss a mechanism in which the vascular resistance is 

increased and the coronary flow reserve reduced with elevated left ventricular filling pressures 

and wall tension, generating a possible explanation for ischaemia in hypertensive patients. 
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[57-59] Inadequate capillar}' density in relation to the myocardial mass, also known as 

capillary rarefaction, may explain these changes in patients with hypertrophic cardiomyopathy 

in long-standing hypertension. However, Brush et al. [60] investigated a group of hypertensive 

patients without LVH, and found also a diminished coronary vasodilator response and 

elevated coronary resistance. An autoregulatory response of the coronary bed to systemic 

hypertension, impaired endothelium-dependent vasodilatation or structural abnormalities are 

suggested as possible explanations. More recent reports discuss endothelial dysfunction as an 

important determinant of ischaemia in hypertensives [61-63] Flow dependent dilation of 

coronary vessels, a physiologic phenomenon in healthy individuals and mediated by nitric 

oxide as an endothelium derived relaxing factor, was shown by Antony et al. to be impaired in 

hypertensives. [62] 

Left Ventricular Hypertrophy 

It seems logical that left ventricular hypertrophy, the result of long-standing hypertension, 

contributes to the precipitation of myocardial ischaemia. Apart from the greater mass of 

muscle involved, causing an increase on the demand side, it has also been shown that the 

coronary vasodilator reserve is impaired. [57] This causes difficulties in the oxygen supply. 

Furthermore, elevated left ventricular intracavity diastolic pressures [59] and an increase in 

the extravascular component of microvascular resistance [34] generates a predisposition to 

subendocardial hypoperfusion and ischaemia. 

Detecting silent ischaemia in patients with ventricular hypertrophy offers an additional 

challenge because of the potential presence of baseline abnormalities in the ECG, affecting 

the ST segments. Frequently patients with altered ST segments due to left ventricular 

hypertrophy are excluded in studies investigating the occurrence of silent ischaemia in 

hypertensive patients, [18,32,33] because of difficulties in detection using Holter monitoring. 

Some have circumvented this problem by adapting a more stringent definition of ST 

depression, e.g. 0.2 mV depression in stead of 0.1 mV. [36] However, one cannot escape the 

notion that more convincing evidence is needed that ST changes in patients with pre-existing 

ECG abnormalities [24] mirrors ischaemic myocardium. Surprisingly, to our knowledge, 

metabolic studies in patients with hypertension and baseline ECG abnormalities particularly 

addressing this question, have never been performed. 

A correlation between left ventricular mass as measured by echocardiography and occurrence 

of ischaemia using Holter monitoring cannot be found. [34,38,64] This might be explained by 

a selection bias caused by the exclusion of patients with baseline changes of the ST segment. 

In conclusion, patients with hypertension but without manifest CAD are prone to silent 

ischaemia but exhibit different properties both in occurrence of silent ischaemia as in 
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pathophysiologic mechanism underlying the ischaemia compared to patients with CAD. 

Some theories explaining the occurrence of silent ischaemia have been offered, but the exact 

mechanisms underlying this phenomenon remain to be elucidated. 

Clinical significance 

Several studies have shown that ischaemia, either symptomatic or asymptomatic, during stress 

testing or ambulatory electrocardiographic monitoring is associated with a worse clinical 

outcome. Several studies in different patient groups that address this issue are summarised in 

Table 2.3 

In reviewing these studies, it is important to acknowledge the heterogeneity of the different 

patient groups. In the study of Giagnoni et al. [20] 135 persons with a positive exercise test, 

selected from a group of 10723 presumably healthy individuals without angina pectoris the 

incidence of coronary events during a 6-year-follow-up was more than ten times higher in 

comparison to the control group (10.4% vs. 0.8%) Using Holter analysis in healthy 

individuals without a history of coronary artery disease, a Swedish study [65] found in a group 

of 341 men, in 79 cases (23%) ST segment depression and 12 (14%) men of this subgroup 

died during the 43 month follow-up. Of the remaining 262 men, only 19 (7%) died. In 1990 

Josephson et al [66] reported 19.8% of healthy subjects with a positive ECG exercise test 

presented in the subsequent years with cardiac events, while in the group with a normal ECG 

exercise test only 5.5% developed myocardial ischaemia during follow-up. 

In patients with previous myocardial infarction, Fox et al. [67] divided patients into different 

groups depending on the outcome of an exercise stress test. Tests were negative in 42%, 

silent ischaemia showed in 29% and symptomatic ischaemia in 23%. After only 12 months 

follow-up, mortality rate in patients with negative tests was 2%, in patients with silent 

ischaemia 4% and in those with painful ischaemia 8%. Reinfarction rate was also remarkably 

different between the three groups (3%, 8% and 18% respectively). Another study confirms 

this strong relationship between occurrence of (silent) ischaemia and adverse clinical outcome 

in post-myocardial infarction patients, although the difference in prognosis between 

symptomatic and asymptomatic ischaemia was not significant. [28] This can be understood if 

we reconsider the earlier mentioned difference in pathogenesis of silent ischaemia in post

infarction patients. 

Regarding patients with stable angina pectoris Weiner et al. [68] found no difference in 

outcome between patients with symptomatic or asymptomatic ischaemia during exercise 

testing in a large retrospective study. This was confirmed by several other studies. [69,70] ST 

depression in general was associated with a higher mortality. Prospective work from Rocco et 
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CHAPTER 2 

al. [26] showed an adverse clinical outcome only in patients who exhibited silent ischaemia 

during Holter monitoring compared to patients with negative Holter monitoring. 

In a study of Patel et al. [71], investigating factors influencing the short-term prognosis in 

unstable angina, transient ischaemia was the strongest predictor for adverse clinical outcome 

(cardiac death, myocardial infarction or emergency revascularisation) with an odds ratio of 

4.6, followed by ST depression at admission and maintenance beta-blocker treatment with 

odds ratios of 3.4 and 3.0, respectively. Ischaemia occurred in 15% of patients after 

stabilisation and 78% of the episodes was silent. Prognosis was not separately analysed with 

regard to whether the ischaemia was silent or symptomatic 

Finallv, in hypertensive patients the prognostic value of ST segment depression has been 

shown by Zehender et al. [36] One-hundred fifty patients with hypertension were followed 

for 36 months. Transient ST segment changes at baseline proved to be an independent risk 

factor for cardiac events, yielding a relative risk of 4.4 compared to patients without ST 

segment changes. 

It can be concluded that just as symptomatic ischaemia, silent ischaemia is associated with a 

worse prognosis compared to subjects without cardiac ischaemia. 

Treatment 
Several modes of therapy are available, all of them readily accepted in the treatment of 

angina. The following studies have focused on classical coronary artery disease, e.g. stable 

angina or post-myocardial infarction patients. First, it is obvious that coronary risk factors 

should be addressed. The reduction of silent ischaemic episodes bv removing or reducing 

risk-factors has been clearly demonstrated by the Multiple Risk Factor Intervention Trial. [72] 

Furthermore, the benefit of anti-anginal medication such as nitrates, [22] beta-blocking 

agents, [73,74] and anti-platelet drugs [75] has been unequivocally demonstrated to reduce 

ischaemic events. Calcium-antagonists seem useful by reducing vasomotor tone and, if 

present, by its negative chronotropic effect, and several studies show a beneficial effect of 

diltiazem on ischaemic episodes. [76,77] Nifedipine, on the other hand, did not alter the 

frequency or distribution of ischaemic events in a study from Mulcahy et al. [78] When added 

to a beta-blocker, nifedipine proved to be effective in reducing silent ischaemic events, but 

atenolol alone proved to be more effective. In 1996 mibefradil, a highly effective T-channel 

blocker with both vasodilatory and negative chronotropic effects without negatively affecting 

cardiac contractilitY, was introduced. It proved to be effective in reducing silent ischaemia 

[79] but was withdrawn from the market in 1998 because of adverse interactions with several 

other cardioactive agents. Recently Angiotensin Converting Enzyme (ACE) inhibition has 
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been discussed as an useful means of anti-ischaemic therapy. [80] This is explained by 

inhibition of tissue ACE which improves endothelial dysfunction. 

Various studies have shown a beneficial ettect ot coronary angioplasty, i.e. low cardiac event 

rates and no deaths over several years of follow-up, in reducing silent ischaemia. The effect 

and success of coronary artery bypass surgery in patients wiffi symptomatic coronary artery 

disease have been impressive for over 20 years in patients with extensive (left main and three 

vessel) coronary artery disease. Taylor et al. [81] showed in a subgroup analysis of the 

Collaborative Study in Coronary Artery Surgery (CASS) an increase in survival rate after 

successful treatment of patients with asymptomatic left main coronary artery disease, but 

cost-effectiveness may become more difficult to attain with such an expensive treatment in 

patients with silent ischaemia. 

Several studies have proven that anti-anginal medication also suppresses silent ischaemia. [82-

84] However, it was not clear for a long time if medical treatment altered long-term 

prognosis. The Asymptomatic Cardiac Ischaemia Pilot (ACIP) study was the first randomised 

trial that investigated the influence of three different treatment strategies on outcome in 

patients with stable coronary disease who exhibited silent ischaemia during exercise or 

pharmacological stress testing. [85] The three strategies were: (1) angina guided drug therapy, 

(2) angina plus Ambulatory Electrocardiographic Monitoring (AEM) ischaemia guided drug 

therapy, and (3) revascularisation by either percutaneous transluminal cardiac angioplasty 

(PTCA) or coronary artery? bypass grafting (CABG). Although only a pilot study, follow-up 

after two years showed a significant decrease in mortality and myocardial infarction in the 

revascularisation group compared to the drug therapy groups. A distinction between the two 

different drug strategies could not be made, but future research following the same line might 

yield answers. 

Considering hypertensive patients, data are lacking as to whether therapy aimed at reducing 

all ischaemic events, instead of treating onlv overt angina, improves outcome. However, ST 

segment changes in this population should be taken seriously, and might guide the choice of 

antihypertensive medication. 

In conclusion, it has been proven that anti-anginal medication decreases the amount of both 

symptomatic and silent ischaemia. Since no definitive data exist on the influence on prognosis 

by using ambulatory electrocardiographic monitoring-guided therapy instead of an angina 

guided therapy alone, as yet no firm recommendations can be made regarding whether 

screening for silent ischaemia should be a routine investigation. In the mean time it seems 

logical to treat patients with CAD angina-guided, thereby also reducing silent ischaemic 

episodes. Revascularisation procedures, when indicated, still offer the best effect on 
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prognosis. When drugs are preferred, standard therapy as used in the treatment of angina 

pectoris can be applied. 

Conclusion 

For many years now, silent ischaemia has been recognised as a distinct clinical entity, and its 

relevance in different patient groups has been established, but still a number of basic 

questions have not been answered. In explaining the pathophvsiology of silent ischaemia it is 

important to define patient groups since varying mechanisms seem responsible in different 

patient populations. Apart from the classical impairment of the supply side on the 

macrovascular level classically in patients with CAD, or of factors affecting cardiac demand, 

several other factors that negatively influence supplv on the microvascular level are now 

being recognised. 

It is not clear why some patients are mostly symptomatic, while other patients are 

predominantly asymptomatic. In a few well-described circumstances, e.g. in patients with 

previous myocardial infarction, in which neural pathways are altered, or in diabetics with 

neuropathy, a structural change in pain perception is responsible for asymptomatic ischaemia. 

In other patients, there are many factors influencing the ischaemic threshold but the exact 

mechanisms underlying variable ischaemic thresholds remain to be elucidated. 

The clinician should be aware of the fact that the amount of ischaemia will be underestimated 

if only symptomatic ischaemia is being considered, since studies show a higher prevalence of 

both symptomatic and asymptomatic ischaemia than symptomatic ischaemia alone. 

Most studies evaluating silent ischaemia use Holter monitoring because of its usefulness in 

the ambulatory setting. This is important since the clinician is especially interested in the 

occurrence of ischaemia in daily life. 

Patients with hypertension but without CAD form a specific and vulnerable high-risk 

population that is particularly prone to silent ischaemia. Since changes on macrovascular level 

are not responsible, different factors negatively influencing either cardiac supply or demand 

have been investigated. A reduced coronary reserve is central in explaining the increased 

prevalence of silent ischaemia in hypertensives. Left ventricular hypertrophy renders 

meaningful detection of ST segment changes difficult, but a possible solution dealing with 

this problem is offered by applying more stringent criteria in terms of minimal ST depression 

in the definition of ischaemia. 

The treatment of silent ischaemia is largely the same as for angina pectoris, but whether 

therapy should be directed at elimination of all ischaemic episodes or only of symptomatic 

episodes depends on further prospective work addressing this question. More insight into the 
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specific pathogenesis of silent ischaemia and factors eliciting it should result in designing 

therapy specifically aimed at reducing silent episodes. 
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