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CHAPTER 1 

General Introduction 
Haemodynamic monitoring 

The cardiovascular laborator}' would not be complete without the capability of 

haemodynamic monitoring. This type of research seeks to determine various properties of 

the cardiovascular tree, and both invasive and noninvasive are being applied. The former is 

generally viewed as the gold standard, but has inherent disadvantages as a result of the 

necessity to gain access to the cardiovascular system. Apart from the risk of inserting a 

needle, for example in the brachial artery which yields comparably easy access, the procedure 

by itself may provoke intense haemodynamic changes that could affect cardiovascular stress 

tests for a long period of time. This side-effect renders invasive testing more time consuming 

and cumbersome, but does not prevent the use of invasive techniques, as can be witnessed 

from a large body of literature. More pregnant reasons to find alternatives for invasive testing 

are the fact that some monitoring sites are more difficult to access (e.g. the cerebral 

circulation), or the fact that the institutional review board may not readily grant permission to 

perform invasive procedures in healthy subjects. For all these reasons, it is not surprising that 

alternative, less imposing techniques have been developed. 

Throughout this thesis we have used a noninvasively obtained finger artery blood pressure 

signal, also known as the Finapres technique. This technique was introduced in the early 

1980s and is based on the Penaz principle. In short, the method entails a servo-loop 

controlled volume clamp technique of the finger arteries by means of a small cuff around the 

finger, allowing the construction of a pressure waveform. From this waveform, heart rate, 

systolic, diastolic and mean blood pressures are determined in a beat-to-beat fashion. Further 

analysis of the waveform with the Modelflow* method allows calculation of stroke volume 

(SV), and subsequently cardiac output (CO) and total peripheral resistance (TPR). The 

aforementioned pitfalls also apply to the Finapres technique. Worth mentioning are the 

unreliability or impossibility of tracking of blood pressure in cold hands; [1] when using cuffs 

that are not the right size or are applicated too loosely; [2] in patients with severe 

atherosclerosis; and when the position of the hand is not at heart level. To describe the 

reliability of Finapres and related devices one can discern accuracy (the average difference 

between Finapres and a reference method), precision (standard deviation of the average 

difference) and the ability to track BP during various cardiovascular stress tests. As a group 

average, the accuracy of the systolic blood pressure is good, while diastolic and mean blood 

pressures tend to be slightly underestimated by Finapres. [3] Precision is too low for systolic 

and mean pressures, while for diastolic blood pressures precision is within the limit of the 

American Association for the Advancement of Medical Instruments recommendations. Thus, 
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Introduction 

Finapres does not permit assessing absolute BP levels in individual patients, but for research 

purposes group averages are reliable. Regarding the performance of Finapres to track blood 

pressure, especially mean and diastolic blood pressures are tracked reliably, but differences in 

systolic blood pressure reach statistical significance. [3] In conclusion, the Finapres technique 

is indispensable in the cardiovascular laboratory, but the investigator must realise that 

absolute values in individuals and haemodynamic changes during haemodynamic stress tests 

may not be accurate. Mutatis mutandis the same holds true for the Modelflow derived values. 

The absolute values of stroke volume, cardiac output and peripheral resistance may not 

represent the true values, and therefore relative changes from a baseline value should be used. 

When calibration is performed with an invasive method, the absolute value may be used 

throughout the measurement. 

Finapres has undergone further development, resulting in the portable version of this 

method, the Portapres. Ambulatory measurements have opened a wide array of possibilities 

in both clinical and experimental settings, especially in patients with unexplained syncope-like 

complaints. The addition of three channel ECG monitoring, leading to the birth of the 

Cardiopres, has offered even more possibilities for the cardiovascular investigator. Finally, the 

latest model, Finometer, incorporates a calibration step by measuring the return of the 

brachial pulse after deflation of a cuff around the upper arm ('return-to-flow'). This method 

reliefs most of aforementioned shortcomings of the Finapres technique, and is a reliable 

substitute for intrabrachial arterial pressure. [4] 

In this thesis we introduce the use of the Cardiopres. Obvious applications of this technique 

are to investigate the occurrence of unexplained syncope, cardiac arrhythmias and its 

haemodynamic consequences, to assess pacemaker function or to monitor cardiac ischaemia 

and its haemodynamic origin or sequelae. The latter is an important part of this thesis, namely 

the investigation of cardiac ischaemia in patients with hypertension. Since the presence of 

cardiac ischaemia in patients with hypertension is more often than not asymptomatic, we 

have focused on this so-called silent ischaemia. 

Cardiac Ischaemia 

The most basic description of myocardial ischaemia is a situation in which myocardial oxygen 

demand exceeds myocardial oxygen supplv. The normal myocardium, even under extreme 

conditions, does not become ischaemic. A large range of pathological conditions can affect 

either cardiac supply or demand, resulting in the occurrence of cardiac ischaemia. To 

understand these conditions, it is helpful to discern the various factors that may influence 

cardiac supply or demand. 
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C H A P T E R 1 

Table 1.1 Factors affecting myocardial supply and demand 

Supply Demand 

Structural Vascular resistance 

Macrovascular (plaques) 

Microvascular (fibrosis) 

Hypertension 

Ventricular stiffness 

Ventricular wall tension 

Blood pressure (diastolic) 

Heart rate 

Functional Vascular resistance 

coronary vasomotion 

microvascular vasomotion 

Ventricular stiffness 

Heart rate 

Blood pressure (diastolic) 

Rheological factors (Ht, viscosity) 

Myocardial mass 

Heart rate 

Blood pressure (systolic) 

Heart rate 

Blood pressure (systolic) 

Inotropic state 

Metabolism 

Crucial in the delivery of oxygen to the heart is a flow gradient from coronary artery to 

endocardium. Bearing that in mind, it is easy to understand that during systole, when 

ventricular, and thus endomyocardial pressure, is approximately the same as in the coronary? 

artery, there is barely flow in the coronaries. Subsequently, during diastole left ventricular 

intracavitary pressure falls to almost zero, generating a large pressure gradient between 

coronary artery' and (endo-)myocardium. When the driving pressure in a coronary artery is 

low, as in macrovascular (coronary stenosis due to plaque formation) or microvascular 

(arteriolair fibrosis) structural abnormalities, either an increase in myocardial transmural 

pressure (e.g. in hypertension, or aortic stenosis) or an increase in cardiac oxygen demand 

may lead to ischaemia. It may also be that an additional reduction in supply by vasomotion 

(micro- or macrovascular) is the trigger of ischaemic episodes. In Table 1.1 we listed these 

variables, making a distinction in demand and supply related factors, and in structural and 

functional factors. As can be deduced from Table 1.1, heart rate and blood pressure plav an 

important , but diverse role in the balance of cardiac supply and demand. The systolic blood 

pressure and the heart rate are the most important indices of cardiac demand, hence the 

general use of the rate-pressure product (RPP, sometimes, incomprehensibly, referred to as 

double product) which is the product of SBP and HR, as a proxy of cardiac demand. 

Theoretically one would expect a higher heart rate to be the mos t important factor in 

compromis ing myocardial blood flow since an increase in heart not only raises cardiac 
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demand, but also impairs supply by shortening diastole. An increase in blood pressure also 

increases demand but concomitantly raises (in case of an increase in DBP), or at least 

consolidates (in case or a stable DBP) coronary perfusion pressure. 

When cardiac ischaemia ensues, a classic cascade of metabolic and functional alterations is 

recognised. The sequence that is generally described is derived from studies during 

angioplasty when the coronary flow is temporarily completely interrupted. [5] The first 

metabolic abnormality that is recognised is an increase in lactate production. Second, diastolic 

dysfunction occurs (i.e. slower relaxation of the myocardium) followed by systolic 

dysfunction. Finally left ventricular end-diastolic pressure rises and ECG abnormalities occur, 

followed by anginal complaints. Two aspects are noteworthv in considering these findings. 

First, since these studies have been performed by completely abolishing flow, it is not clear 

how well this chain of events is amenable to situations without macrovascular pathology, or 

when flow is only reduced but not absent. Generalised myocardial ischaemia as a 

consequence of microvascular structural or functional abnormalities may ven* well be 

subjected to an alternative ischaemic cascade, [6] which may explain why studies 

documenting cardiac ischaemia by myocardial scintigraphic testing cannot be substantiated by 

stress echocardiography. [7] The second point that is noteworthy, is that angina occurs after 

the occurrence of ST segment changes, and is therefore an insensitive marker of myocardial 

ischaemia. This seems to hold true both in classical epicardial ischaemic heart disease [8] and 

even more so in hypertensive heart disease, in which most patients are asymptomatic. Hence 

the frequently investigated entity of silent myocardial ischaemia in this patient group. 

Outline of this thesis 

This thesis is divided in two parts, i.e chapters 2 to 4 and chapters 5 to 8, that both address 

the use of noninvasive monitoring in patients that encounter a haemodvnamic challenge. 

Chapters 2 to 4 focus on silent cardiac ischaemia and its associated haemodynamics. Chapters 

5 to 8 deal with basic pathophysiological studies in two vulnerable patient groups, and 

presents case histories that are illustrative to the use of beat-to-beat haemodvnamic 

monitoring. 

Chapter 2 gives a systematic review of silent cardiac ischaemia, with special attention to the 

hypertensive patient. The pathophysiology of silent cardiac ischaemia, the prevalence and 

diagnosis of silent ischaemia and finally clinical significance and treatment are discussed. 

13 



CHAPTER 1 

Chapter 3 describes the prevalence of silent cardiac ischaemia in a large population of 

hypertensive patients and pavs attention to the influence of two sets of criteria in the 

definition of silent cardiac ischaemia as assessed by ambulatory electrocardiographic 

monitoring. 

Chapter 4 investigates the haemodynamic pattern of silent ischaemic episodes in patients 

with hypertension, and patients with coronary artery disease as controls. Special attention is 

paid to the question whether these ischaemic episodes are supply or demand related. 

Chapter 5 shows the usefulness of simultaneous ECG and finger blood pressure monitoring 

by Cardiopres in a patient with hypertrophic obstructive cardiomyopathy. Both hypotension 

and cardiac ischaemia was present in this patient, and the relationship between the two is 

discussed. 

Chapter 6 discusses the haemodvnamic perturbations that may be evoked by peritoneal 

dialysis in end-stage renal failure. Measurements were performed during standard peritoneal 

permeability analysis. 

Chapter 7 elaborates on the haemodynamic changes that are brought about in 

uncomplicated haemodialysis. The sensitivity index, the ratio of blood volume change to 

systolic blood pressure change, is used to divide the patients in two groups and the difference 

between the two groups is analysed. 

Chapter 8 focuses on the evaluation of a remarkable patient with the suspicion of 

pheochromocytoma. Contrary to expectations a rare cause of hypertensive spells is 

diagnosed. 
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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. 
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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-
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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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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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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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CHAPTER 3 

Introduction 
Patients with symptomatic myocardial ischaemia often haven silent ischaemia as well. [1,2] 

Studies on this topic may seek to induce ischaemia, during physiologic or pharmacologic 

exercise testing. However, documentation of silent ischaemia in daily life depends on methods 

that allow continuous, ambulatory monitoring of myocardial ischaemia. ST segment analysis 

on ambulatory electrocardiographic (ECG) monitoring is frequendy applied for this purpose. 

In different groups of patients, myocardial ischaemia on ambulatory electrocardiographic 

recording (symptomatic or silent), has been shown to correlate with an adverse prognosis. [3-

6] Hypertensive patients without proven coronary artery disease (CAD) may also exhibit 

myocardial ischaemia, [7] and the presence of silent ischaemia may be a link to the high 

prevalence of adverse cardiac events in this patient group. [6,8] The reported prevalence of 

myocardial ischaemia as assessed by ambulator}' electrocardiographic recording ranges from 

11% to 57%, of which almost all episodes are silent. [6,8-18] This large variation in 

prevalence can pardy be attributed to the heterogeneity of the populations studied. For 

example, some studies included only elderly subjects [8,14,17], and some studies investigated 

patients with complaints. [9,10,13,18] Obviously, the stringency of applied ambulatory 

electrocardiographic recording-criteria in the definition of ischaemia is important as well. 

However, the descripnon of applied criteria is often concise and allows a broad 

interpretation. The influence of different sets of criteria on the prevalence has never been 

investigated. We sought to verify the prevalence of myocardial ischaemia as determined by 

12-lead ambulatory ECG recording in a large outpatient population with essential 

hypertension, with 2 sets of criteria: so-called stringent criteria, adapted from the American 

College of Cardiology / American Heart Association guidelines [19] and less strict criteria, 

that only take into consideration the relative change in the ST-segment level as assessed by 

Holter software. [11-13] 

Methods 
In our center, an academic referral hospital, we recruited patients with hypertension from the 

hypertension clinic or general internal medicine outpatient clinic. Exclusion criteria were 

known CAD; secondary hypertension; arrhythmias such as atrial fibrillation; left bundle 

branch block (LBBB); digoxin use; clinical heart failure < 6 months before inclusion; and age 

< 30 years. Medication was withdrawn 7 days before the screening investigation if possible. 

The study was approved by the institutional review board, and all patients provided written 

informed consent. 
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Ambulator}' electrocardiographic recording 

A Mortara H12 recorder (Mortara Instruments^, Bilthoven, the Netherlands) was used for 

ambulatory ECG recording. This is a 12-lead, digital Holter recorder, allowing 24 hour 

recording of a normal surface ECG with full disclosure possibilities. Electrodes (Red dot®, 

3M) were attached to the skin after meticuluous preparation with a mild abrasive, and a raisor 

if needed. Electrodes were placed by following the standard 12-lead configuration, with 

modified aVL, aVR and aVF attached to, respectively, the left shoulder, the right shoulder 

and the left lower costal margin. Data were sampled with 180 Hz and stored on a flash card, 

and were transferred to a computer for further analysis. Ambulatory ECG recording analysis 

was done using dedicated software (H-Scribe® version 3.4, Mortara Instruments). The trend 

for ST segments was observed for ST segment depressions, and all possible episodes were 

visually verified by the investigator. Both reference and measurement points for ST segment 

level determination were averages of 4 samples, that is, equivalent with a duration of 22 ms. 

The reference point was automatically taken in the PQ segment, the measurement point was 

60 ms beyond the J-point. 

Significant ST depression was defined in two ways: 

1. Basic definition: depression of the ST segment level > 0.1 mV compared to the baseline 

ST level for at least 1 minute, separated from another episode by at least 1 minute. 

Baseline ST level was defined as the predominant ST level throughout the registration. 

2. Strict definition: at least 0.1 mV horizontal or downs/oping ST segment depression compared 

with the baseline ST level, for at least 1 minute, separated from another episode by at 

least 1 minute. Additional criteria were: changes in the ST segment due to changes in 

body position (as shown by sudden ST segment changes accompanied bv muscle artefacts) 

were excluded; in case of ST depression > 0.05 mV but < 0.1 mV on the resting ECG, 0.2 

mV additional ST depression was required to be classified as significant ST depression; in 

case of resting ST elevation > 0.1 mV but < 0.2 mV, 0.1 mV relative ST depression was 

not sufficient to be defined as significant ST depression; instead, the recording was 

analyzed as if the baseline ST level was iso-electric; [20] recordings with resting ST levels 

> 0.2 mV ST segment depression or elevation were excluded from analysis. 

When an ambulatory ECG recording was considered positive, the absence of complaints was 

verified with the patient as soon as possible after the recording. 

Ambulatory blood pressure monitoring 

Ambulatory blood pressure monitoring (ABPM) was performed with a Spacelabs recorder 

type 90207. The recorder performed a measurement every 15 minutes from 07.00 - 23.00 hrs 

and every 30 minutes from 23.00 - 07.00 hrs. For every patient the day-night dip in diastolic 
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blood pressure (DBP) and systolic blood pressure (SBP) was calculated, expressed in 

percentage change from the daytime SBP and D B P . Nondipp ing was defined as a dip less 

than 10% in SBP or D B P . In case of large differences between the defined nighttime (23.00 -

07.00 hrs) and the sleeping time in a subject, the nighttime was adjusted accordingly to 

calculate the dip. Both recorders were carried around the waist, allowing full mobility-. 

Patients were encouraged to follow a normal daily pattern, and not to refrain from their usual 

physical activities. Subjects were asked to note the following events in a diary: walking, eating, 

sleeping, other physical or sedentary activities, complaints. 

Statistics 

Categorical data were compared using the Fisher exact test, means from continuous data were 

compared using unpaired Student t-test. 

Results 
Patients 

The patient characteristics are shown in Table 3.1, left column 

Table 3.1 Patient characteristics and comparison of patients with 'true' vs 'false' 
positive screening 

All False positive True positive 
Number of patients 194 12 (6.2) 10 (5.2) 
Age (years; median (range)) 53 (30-80) 55 (38-70) 62 (42-76) 
Male sex 102 (53) ' 10 (83) 4 (40)1 
Risk factors 

smoking 50 (26) 3 (25) 2 (20) 
dislipidemia 41 (21) 1 (8) 3 (30) 
pos. Family history 31 (16) 1 (8) 1 (10) 
diabetes 27 (14) 0 3 (30) 

Medication 
untreated 57 (29) 5 (42) 2 (22) 
med. withdrawn 57 (42) 2 (17) 3 (22) 
no. of medic, (range) 2.3 (1-5) 3.3 (1-5) 2.5 (1-5) 

Type of medication 
diuretic 58 (56)* 5 (42) 4 (40) 
Beta-blocker 67 (49) 4 (33) 3 (33) 
Ca-Antagonist 63 (46) 3 (25) 
ACE-inhibitor 55 (40) 4 (33) 
All-receptor antagonist 39 (28) 3 (25) 
A-blocker 12 (8) 1 (8) 
central acting 4 (3) 1 (8) 

BP 
SBP daytime (mmHg) 152 159 
DBP daytime (mmHg) 94 96 
nondippers 50 (25) 5 (42) 

Values are number of patients with the percentage between brackets unless otherwise indicated 
T p < 0.05 comparing 'true positive' patients with 'false positive' patients * percentage from treated patients 

5 
4 
3 
0 
0 

160 
93 
3 

(50) 
(40) 
(30) 

(30) 
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One-hundred ninety-four patients were screened. In total 4400 hours succesful ABPM and 

ambulatory electrocardiographic recording recording were obtained (mean per patient 23 hrs, 

range 8-25 hrs) In 4 5 % of the patients antihypertensive medication was withdrawn 2-7 days 

before the screening (in 50 patients for 7 days; in 2 patients for 3 days; in 3 patients for 2 days 

and in 1 patient for 1 day). In 3 patients the medication was resumed after 2 (1 patient) and 3 

(2 patients) days because of complaints accompanying elevated blood pressure. There were 

no adverse events. 

Ambulatory electrocardiographic recording 

Evaluation of the ambulatory electrocardiographic recordings with the basic definition of 

significant ST depression yielded 22 positive recordings, suggesting a prevalence of 11.3% of 

myocardial ischaemia in our population of hypertensive patients. However, when we 

evaluated the recordings according to the strict definition of significant ST segment 

depression, we found 10 positive recordings, a prevalence of 5.2%. This means that 

noncritical analysis of ambulatory electrocardiographic recording recordings may lead to 

doubling of the prevalence of silent ischaemia. When the patients with a positive recording 

according to the strict criteria only are considered as "true-posit ives" (n=10) and are 

compared with the so-called false-positives (the patients with a positive recording according 

to the basic criteria; n=12) , there were no differences in cardiovascular risk factors, blood 

pressure level or use of medication, but there was a higher propor t ion of m e n in the false-

positive group (83% vs. 4 0 % p=0.04; see Table 3.1). 

A description of the individual recordings that were labeled positive according to the 'basic 

definition' is given in Table 3.2. 

Table 3.2 Description of 'false positive' ambulator}- ECG recordings in hypertensives 
Patient leads max ST Description 
no. deviation 

(mV) _ _ ^ 
Upsloping ST depression in normal resting-ST level 
Abnormally shaped (downsloping) resting ST segment, with 
additional ST depression < 0.2 mV (downsloping). 
Pseudonormalisation of elevated resting-ST segment, upsloping 
Acute change due to body position change 
Pseudonormalisation of elevated resting-ST segment, upsloping 
Upsloping ST depression in normal resting ST-segment 
RBBB, upsloping ST depression in slightly elevated ST segment 
RBBB, upsloping ST depression in slighdy elevated ST segment 
Pseudonormalisation of elevated resting-ST segment, upsloping 
RBBB, inverted T-wave, additional depression < 2mm 
Pseudonormalisation of elevated resting-ST segment, upsloping 
Pseudonormalisation of elevated resting-ST segment, upsloping 

3 
11 

42 
75 
86 
103 
134 
141 
154 
186 
194 
248 

II, V6 
V5,V6 

V5, V6 
V5, V6 
V5 
11 
V3 
V3 
V4, V5, V6 
V5, V6 
II, III 
II 

0.14 
0.16 

0.13 
0.12 
0.13 
0.12 
0.11 
0.10 
0.11 
0.12 
0.12 
0.12 
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T h e mos t frequent cause of labeling these recordings positive was an electrocardiogram with 

an elevated ST segment which was shaped normally (upsloping) at rest, but that became 

relatively depressed (> 0.1 mV) during a higher heart rate (n=7). However , the absolute ST 

segment level never became lower than -0.1 mV, as was required adhering to the strict 

criteria. An example is given in Figure 3.1. Other reasons were right bundle branch block 

(RBBB) in conjunction with either baseline elevation or T-wave alterations, upsloping ST 

depression and ST segment change due to body position change. All together, in 10 

recordings, the ST segment level was not horizontal or downsloping during the ST segment 

depression. An example of a 'true positive' ischaemic event is shown in Figure 3.2. 

T w o patients with ST depression, both in the 'strict criteria' group, experienced dyspnoea 

during the ST segment depression, which was only reported after we asked confirmation of 

the absence of complaints in the diary. 

ABPM 

T h e average ambulatory SBP in all patients during day time (07.00 - 23.00 hrs) was 152 ± 13 

(mean ± SD), the D B P was 94 ± 17 m m H g and heart rate was 77 ± 9 bpm. Dur ing the night 

SBP was 137 ± 12 and D B P 82 ± 10 m m H g . Fifty patients (25%) were nondippers . There 

was no difference in the blood pressure level between the false-positive recordings and the 

true-positive recordings (see Table 1). 

w j 

A, 

LJ 
/wv 

y^—-^ 

|/WYI /wj 

U at rest; ST level 
69 |iV 

activity; ST level 
-62 |iV 

Figure 3.1 Example of false-positive ischaemic event. Lead II is shown. Note that the 
baseline ST level is elevated, with additional upsloping ST depression > 0.1 mV (> 100 
1J.V) during activity. 
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^ 

at rest; ST level 
0(iV 

walking; ST level 
-124 (xV 

Figure 3.2 Example of true-positive ischaemic event. Lead V5 is shown. The baseline 
level is isoelectric, with > 0.1 mV ST depression during activity. 

Discussion 
In a large population of patients with primary hypertension without known CAD, we 

investigated the prevalence of silent ischaemic episodes in daily life. This may be of 

importance, since the high prevalences previously reported may shed light on the link 

between the presence of hypertension and the occurrence of ischaemic heart disease in later 

life. Furthermore, the applied criteria in the definition of significant ST depression differ 

between various studies, and we felt that this should have a large influence on the reported 

prevalence and accuracv. 

We found that the prevalence was considerably lower than previously reported in literature. 

The use of two sets of criteria allowed us to analyze possible reasons for overestimation of 

ischaemic episodes. Nonspecific ST depression consisted of upsloping ST depression, 

pseudonormalisation (i.e. lowering of an elevated resting-ST level during a higher heart rate), 

ST segment changes due to changes in body position, changes in T-wave amplitude, rate-

dependent or (in)complete RBBB, or combinations of these elements. In all of these cases 

relative ST level change was at least 0.1 mV, leading to the possible misdiagnosis of 

significant ST depression. 

The first step in Holter (ST-)analysis is software based, which is objective but 

nondiscriminate. Only visual correction of recognised episodes may lead to a meaningful 
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conclusion. This last step is subjective and may be misleading even when apparently clear-cut 

criteria are used. In our study, the inclusion of false-positive ambulatory ECG recordings led 

to a more than doubled prevalence of silent ischaemia in hypertensives. The prevalence 

corrected for these episodes (5.2%) is considerably lower than reported in literature. 

[6,11,12,14-17] Several factors may be responsible for this variation in prevalence, such as 

severity and duration of hypertension, presence of other cardiovascular risk factors, subject 

age and cessation of medication. We assessed the severity of hypertension using ABPM, 

which gives an accurate representation of the blood pressure level during the day, and found 

more or less similar blood pressure levels as other studies did. The low prevalence was 

present despite the use of 12-lead Holter recording, which has been shown to increase the 

detection of ischaemic episodes. [21] Medication was not withdrawn in less than half of the 

patients in our study. This may have affected the prevalence, but it is not likely that the 

difference in prevalence according to the different analysis criteria, which is our main finding, 

would be changed with a higher proportion of patients in whom medication would have been 

withdrawn. Furthermore, in the true-positive and false-positive groups, patients with 

continued and withdrawn medication were labelled positive, in a similar percentage. 

One would assume that all studies apply the same criteria in defining significant ST segment 

depression, but the description of these criteria is often concise, and includes large variations. 

For example, for ST segment analysis, some studies include modified lead Vi [12,17], a lead 

with a low R-wave amplitude and therefore not recommended for ST level detection. [19] 

Furthermore, studies differ in the exclusion of recordings due to either '> 1 mm ST segment 

depression at rest' [15] or simply due to '(marked) baseline ECG changes suggestive of 

myocardial ischaemia at rest' [16] which allows a broad interpretation, and studies may differ 

in the exclusion of (rate dependent) bundle branch block [14,16], or only LBBB. [12,13] 

Finally, not all studies explicitly define only horizontal or downsloping ST segment 

depression as meaningful, [11,12] or mention the exclusion of recordings with ST segment 

changes due to body position changes. [6] 

We did not perform echocardiography to assess left ventricular mass. In our study, the 

presence of resting ECG changes that may be the result of left ventricular hypertrophy was 

especially important. It is not known to what extent the presence of echocardiographic 

hypertrophy without baseline ECG changes affects the interpretation of ST segment changes. 

Especially ECG's with baseline ECG changes that accompany ventricular hypertrophy appear 

to be prone to false labelling as positive, since 8 out of 12 ECG's in the false-positive group 

showed these kind of baseline changes, and only 1 out of 10 in the true-positive group. 
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A criticism to our study could be that we did not substantiate the electrocardiographic 

findings with another me thod of ischaemia detection. However , a gold standard is not 

available for the verification of myocardial ischaemia in this particular patient group. Some 

studies use quantitative coronary angiography as gold standard and consider myocardial 

ischaemia in the absence of C A D as documented by angiography false-positive. Nevertheless, 

coronary angiography has its limitations to assess the functional significance of intermediate 

lesions [22] suggesting that angiography cannot be used as a gold standard without any 

reserve. Fur thermore , it may very well be that ST depression that does no t concur with 

angiographical findings or with other diagnostic modalities, represents ST depression due to 

microvascular abnormalities. [23-25] By following that line of reasoning, the reported low 

sensitivity of electrocardiographic investigations may be ready for revision by newer 

techniques that can measure flow at the tissue level (magnetic resonance imaging, positron 

emission tomography). 

It would be interesting to assess the outcome of the two patient groups, to see whether a 

difference in prognosis is present. Moreover, it would be especially interesting to investigate 

whether patients in the false-positive group have a worsened prognosis compared with 

hypertensives without ambulatory E C G changes, but it is too soon to perform such an 

analysis and it would propably require a larger study group. 

We conclude that the prevalence of silent myocardial ischaemia in hypertensives may not be 

as high as previously reported in literature. The stringency of applied criteria seems to have an 

important influence on this prevalence. This finding may have important implications for 

population-based studies investigating silent ischaemia in hypertensives and other patient 

groups. 
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CHAPTER 4 

Introduction 
Silent cardiac ischaemia forms a considerable part of the total ischaemic burden in various 

groups of patients. [1] In patients with hypertension the prevalence of silent ischaemia is 

estimated to range from 15 to 37%. [2-9] Silent ischaemia has been found to be associated 

with a worse prognosis in patients with coronary artery disease (CAD) [10,11] and patients 

with hypertension. [5] 

The pathophysiology of silent ischaemia in CAD patients is generally believed to be related to 

a fixed stenosis in the coronary arteries that becomes critical in the face of an increased 

cardiac demand. [12-14] In hypertensives, it has been postulated that the occurrence of silent 

ischaemia is also dependent on a reduced supply, albeit on the microvascular level, [2,4,15] 

since cardiac ischaemia may occur without epicardial vascular abnormalities. [3] However, it is 

not clear whether the occurrence of cardiac ischaemia in hypertensives during daily life is 

triggered by a further decrease in (microvascular) supply, or by an increase in demand. 

To answer tbis question, we performed 48 hour continuous, noninvasive, ambulatory cardiac 

ischaemia monitoring using electrocardiography, in combination with continuous finger 

blood pressure recording during strictly standardised conditions, in patients with 

hypertension (without CAD). As a control group we used CAD patients (without 

hypertension). All patients had silent cardiac ischaemia on 24 hour ambulatory 

electrocardiographic monitoring (AEM) before entering our study. 

Methods 
Design of the study 

To participate in this study, patients with hypertension or CAD needed to have at least one 

documented episode of ST segment depression on a 24 hour screening AEM recording. For 

this purpose we selected patients from the hypertension and cardiology outpatient clinic and 

subjected them to AEM recording. In case of significant ST depression (see below), patients 

were admitted to our special research unit. For a period of 48 hours, ECG and finger blood 

pressure were recorded, while patients followed a daily schedule according to a fixed 

protocol. The study was approved by the institutional review board, and all patients provided 

written informed consent. 

Patients 

Inclusion criteria for the hypertensive patients were: patients receiving treatment for 

hypertension, or, if untreated, ambulator}' daytime SBP > 135 and/or DBP > 85 tnmHg; no 

proven CAD; no signs of secondary hypertension. 
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Inclusion criteria for the CAD patients were: symptomatic CAD (CAD defined as 

documented myocardial infarction; a positive myocardial perfusion scan; a positive exercise 

test; a coronary angiogram with significant stenoses; a history of coronary artery bypass 

grafting or percutaneous transluminal coronary angioplasty) and the absence of hypertension. 

Exclusion criteria for all patients were: conditions that hinder the interpretation of the ST 

segments, such as arrhythmia's, digitalis use, left bundle branch block, Wolf Parkinson XX'hite 

syndrome, severe left ventricular hypertrophy interfering with meaningful ST analysis (resting 

ST segment > 0.2 mV elevated or depressed in the lateral leads); age < 30 years. Preferentially 

medication was withdrawn before the screening investigation, but in case this was not 

deemed safe, medication was continued. 

Screening A EAI 

Significant ST depression [16] was defined as at least 1 minute of 0.1 mV horizontal or 

downsloping ST segment depression, compared to the baseline ST segment level. ST segment 

changes as a result of body position changes were excluded. In case of abnormal baseline ST 

segments we used different criteria: in case of baseline ST level elevation from 0.05 to 0.2 

mV: ST segment deviation was measured as if the baseline ST level was isoelectric; [17] in 

case of baseline ST level depression from 0.05 to 0.2 mV: 0.2 mV additional ST depression 

was required. The silent nature of observed ischaemic episodes was verified with the patient 

within 24 hours after the registration. Patients were included for haemodynamic evaluation 

when significant ST segment depression was seen on the screening AEM, in the absence of 

complaints. 

Cardiopres evaluation 

Patients were admitted for 48 hours to the special research unit. Thev followed a protocol 

with standardised daily activities, including a 30 minute walk within the hospital, watching 

video, a siesta, reading and haemodynamic stress testing (mental arithmetic, isometric 

contraction, cold pressor test, Bruce protocol). They were asked to note complaints in a diary, 

and during all activities symptoms were monitored, independent of the presence of ST 

depression. 

During the admission the subjects were monitored with the Cardiopres (TNO-TPD, 

Amsterdam, the Netherlands), a device for simultaneous, continuous, noninvasive, ECG and 

finger arterial blood pressure recording (Finapres technique [18]). The Cardiopres has been 

designed to function as an ambulatory- device, carried in a waistbelt. The Finapres method is 

based on the construction of a pressure waveform, bv clamping the finger artery volume with 

a cuff, through servo-loop controlled photoplethysmography by varying finger cuff pressure, 
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from which systolic, diastolic and mean pressures are calculated. Validation studies of the 

Finapres technique have been reviewed by Imholz etal [19] 

Beat to beat values of systolic and diastolic blood pressure (SBP and DBP), mean arterial 

pressure (MAP) and heart rate (HR) were determined from the continuous finger arterial 

pressure signal with Beatscope (TNO-TPD). Rate pressure product (the product of SBP and 

HR, as a measure of cardiac demand) was calculated. Left ventricular stroke volume (SV) was 

estimated on a beat-to-beat basis using the Modelflow method, [20]- [21-23] [24] Once 

calibrated, Modelflow accurately tracks changes in SV with a 2% error (SD 8%). [20] When 

calibration with thermodilution is not performed, as in our study, changes in SV as calculated 

by Modelflow are expressed as percentage change from baseline. 

For ECG recording, 3 bipolar leads (modified Vs, V5 and aVF) were used. 

Haemodynamic stress tests 

Mental stress consisted of a 5 minute conflicting color test or arithmetic (depending on the 

cognitive level of the patient); isometric contraction was a 3 minute handgrip at 30% of the 

maximal capacity; cold pressor test was a 1 minute of hand submersion in crunched ice. The 

modified Bruce protocol (with a slower starting speed to ensure that all subjects could 

exercise for at least 6 minutes) was as follows: patients started at a speed of 1.25 mph and a 

grade of 10%, after 3 minutes the speed increased to 1.7 mph, after six minutes a speed of 3.4 

mph and a grade 12%, after 9 minutes 4.2 mph and a grade of 14%, after 12 minutes a speed 

of 5.0 mph and a grade of 14%. Standard stop criteria were applied. [17] 

Echocardiography 

In all patients that were admitted for 48 hour Cardiopres evaluation, M-mode 

echocardiography to determine left ventricular mass following the Penn convention [25] was 

performed (VIVID* 5 recorder (General Electric Medical Systems, Milwaukee, Wisconsin). 

Left ventricular hypertrophy was defined as a left ventricular mass index > 110 g/m2 for 

women and 135 g/m2 for men. 

Analysis 

ST analysis and identification of arrhythmia's was performed off-line with H-ScribeR 

(Mortara Instrument, De Bilt, the Netherlands), after off-line visual artifact rejection. 

Significant ST depression was defined as at least 0.1 mV horizontal or downsloping ST 

depression measured 60 ms after the J point, during at least 1 minute. [26] 

For the analysis of the ischaemic episodes, three averages of the haemodynamic parameters 

were calculated: 1. baseline value: 1 minute average was calculated from the period before a 

HR or BP deviation was present 2. '0.1 mV ST depression value', (10 seconds) 3. a 'maximal 

ST depression value'(10 seconds). 
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Statistics 

Baseline variables were compared with a two-way student's t-test for continuous variables 

and with the Fisher exact test tor categorical variables. Changes in haemodynamics during 

ischaemic episodes in different types of episodes were assessed with a general linear model of 

repeated measures. 

Results 
T a b l e 4.1 Pat ient characteristics of hypertensive and C A D patients with silent 

cardiac ischaemia 

Number of patients 

Age (years; median (range)) 

Male sex 

Risk factors 

smoking 

dislipidemia 

pos. family history 

diabetes 

Medication 

untreated 

med. withdrawn 

no. of medic, (range) 

Type of medication 

diuretic 

deta-blocker 

ca-Antagonist 

ACE-inhibitor 

nitrates 

BP 

SBP daytime (mmHg) 

DBP daytime (mmHg) 

LVH* 

H T 

6 

62 

2 

1 

2 

1 

4 

1 

3 

2 

1 

1 

2 

2 

(i 

154 

92 

3 

(42-64) 

(33) 

(17) 

(33) 

(17) 

(67) 

(17) 

(50) 

(1-3) 

(20) 

(20) 

(40) 

(40) 

(50) 

CAD 

5 

71 

4 

2 

4 

2 

0 

0 

1 

2.2 

0 

4 

4 

0 

3 

128 

75 

1 

(52-80) 

(80) 

(25) 

(8) 

(8) 

(0) 

(0) 
(20) 

(1-3) 

(0) 
(80) 

(80) 

(0) 
(60) 

(20) 
Values are number of patients with the percentage between brackets unless otherwise indicated 
* Left ventricular mass index (LVMI) > 110 g/m2 for women and LVMI > 135 g/m 2 for men 
Abbreviations: CAD, coronary artery disease; HT, hypertension; ACE, angiotensin converting 
enzyme; BP, blood pressure; SBP, systolic BP, DBP, diastolic BP, LVH, left ventricular 
hypertrophy. 

We screened 194 patients with hypertension and 54 patients with CAD. In the hypertensive 

group 10 patients (5.2%), and in the CAD group 6 patients (11.1%) had a positive AEM 

recording while no complaints were reported. We admitted 9 hypertensive patients to our 

research unit, because one patient withdrew consent. From these 9 patients, data from 6 

patients could be analysed: 1 patient had inadequate finger blood pressure signal and 2 
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patients did not exhibit any significant ST segment changes during the 48 hours observation 

period. 

From the 6 CAD patients, 5 were admitted to the research unit because one patient 

underwent coronary artery bypass grafting before he could be studied. Patient characteristics 

are shown in Table 4.1. 

From the 11 patients that were analysed, 466 hours of successful Cardiopres recordings were 

obtained. A total of 43 ischaemic episodes occurred, with a median number of 4 episodes per 

patient (range 2-6). All episodes occurred during physical activities that were part of the daily 

protocol; none occurred spontaneously or at rest. The average depth of the ST depression 

was 0.26 mV (range 0.1 - 0.57 mV) compared to baseline ST level, with a mean duration of 

11 minutes (range 1-37 minutes). A high proportion of silent episodes was in fact not silent 

upon monitoring of complaints during the activities: during 21 episodes (49%) the patients 

reported complaints: dyspnoea; vague chest pain; and focal thoracic pain. Only one patient, 

from the CAD group, experienced both asymptomatic and symptomatic episodes. A typical 

example of the analysis of an ischaemic episodes is shown in Figure 4.1. 

bl value 1 mm ST depress ^ ST depressi 

EC 

1 150 

180 

ISO 

120 

90 -

60 

30 

0 

100 -

0 

-100 

-200 -

-300 

-400 -

-500 
0 50 100 150 200 250 300 350 

T ime (s) 

Figure 4.1. Example of 
the analysis of a silent 
ischaemic episode taken 
from a patient with 
hypertension. Changes in 
blood pressure and heart 
rate during the 
occurrence of an 
ischaemic episode, as 
witnessed from the ST 
segment levels from 3 
bipolar ECG leads, are 
shown. The black bars 
indicate the duration and 
timing of the calculation 
of averages of 

haemodynamic 
parameters. QRS 
complexes are shown 
from lead V3 during 
baseline and maximal ST 
depression (arrows). 
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Within each patient, there was no fixed threshold of RPP at which the 0.1 mV ST depression 

occurred. When observing the variability of the SBP and HR level at which ischaemia 

occurred, it appeared that HR was more stable than SBP. The intra-mdividual standard 

deviations of the average change from baseline in SBP and HR at 0.1 mV ST depression was 

21 mmHg respectively 6.7 bpm. 

Ischaemic episodes in hypertensives versus CAD patients 

In the hypertensive patients the average SBP before the onset of ischaemia was 162 ± 33, and 

DBP 76 ± 15 mmHg. In CAD patients SBP was 123 ±20 mmHg and DBP 63 ± 13 mmHg 

(p < 0.001 and. p < 0.005, respectively). From this different baseline level, the increase in 

SBP and DBP was not statistically different between the groups. However, heart rate started 

from a similar baseline level (77 ± 9 bpm versus 78 ± 17 bpm in HT and CAD patients, 

respectively), and did not increase in a similar fashion during the occurrence of cardiac 

ischaemia: in the hypertensive patients HR was 111 ± 10 bpm at 0.1 mV ST depression, and 

134 ± 18 bpm at maximal ST depression, while in the CAD patients HR was 102 ± 14 bpm 

and 115 ± 20 bpm at maximal ST depression (p = 0.008). Consequently, in both groups there 

was a different increase in RPP: baseline, 0.1 mV ST depression and maximal ST depression 

values in hypertensives were 12,488 ± 

3160, 23,648 ± 4795 and 31,537 ± 

9,632, respectively and in CAD 

patients 9.635 ± 3,173, 16,080 ± 

16,080 and 19,979 ± 4,200, 

respectively (p < 0.0001). SV 

increased similarly in both patient 

groups. These results are shown in 

Figure 4.2. 

140 

f 120 
u 

\ 100 

' 80 

60 
35x10' 

E 
E 15x10' 

5x10' 

140 

130 

120 

110 

100 

90 

Figure 4.2. Haemodynamic values ± standard 
error comparing episodes in patients with 
hypertension (solid circles, n=23) and with 
CAD (open circles, n=20). 
Abbreviations: BP, blood pressure, HR, heart 
rate; RPP, rate pressure product; SV, stroke 
volume. 
# p < 0.05 comparing baseline values 
* p < 0.05; *** p < 0.005; **** p < 0.0001 
comparing change between episodes in 
hypertension and in CAD 
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The use of antihypertensive/antianginal medication was not evenly distributed between the 2 

groups: 8 episodes out of 23 (35%) were under medication in the hypertensive group, while 

15 out of 20 episodes (75%) in the CAD group were under medication (p = 0.014). 

There were no large differences in haemodynamic changes between episodes that were 

symptomatic and those that were completely silent. 

Discussion 
The most important finding in this study is that all silent ischaemic episodes that occurred in 

hypertensive patients, similar to those in CAD patients who functioned as controls, were 

demand-re\&ted. This is the first study that has been able to investigate this in hypertensive 

patients in a conclusive way, since other studies lacked accuracy in BP measurement. Two 

studies have addressed this question in hypertensives using AEM and intermittent 

oscillometric BP measurement. [2,4] The first study concluded that ischaemic episodes were 

accompanied in 55% by an increase in SBP, while only in 17% of patients an increase in HR 

was noted. [2] The second study, performed in elderly hypertensives, concluded that HR 

changes are more important than BP changes in determining ischaemic events. [4] These 

results depend ven' much on the timing of the intermittent blood pressure measurements, 

which may be either too soon, or, when triggered by ST segment deviation, [2] too late. Since 

we monitored continuously, with blood pressure and ECG on the same time axis, we were 

able to define the exact moments that are important to investigate the haemodynamic 

changes: before any haemodynamic change, at 0.1 mV ST segment depression, and at 

maximum ST depression. 

None of the episodes occurred spontaneously or at rest; all episodes were elicited by physical 

activity' (walking or the modified Bruce protocol) accompanied by both HR and BP increase. 

Other cardiovascular stressors did not induce ischaemic episodes. 

Various factors on the supply side have been described to explain why hypertensives are 

prone to cardiac ischaemia: decreased coronary vasodilator reserve, elevated microvascular 

resistance, abnormal endothelium-dependent vasodilatation, capillar)7 rarefaction and 

increased wall tension. [15,27,28] These factors apparently become critical when cardiac 

demand is increased, but do not seem to cause spontaneous ischaemic episodes. In patients 

with CAD similar conclusions have been drawn. [12,14] The ischaemic threshold was variable 

within subjects. This means that the SBP or HR at which ischaemia ensues is not standard for 

an individual, suggesting that factors on the supply side also are variable. 

The fact that not all antihypertensive/antianginal medication was withdrawn in our subjects 

will have affected the results. The higher proportion of CAD patients with continued 
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vasoactive medication can be explained by the reluctance to stop antianginal medication in 

that patient group, which is a common problem. [12,14] It is likely that this will have 

influenced our results in a quantitative, but not in a qualitative way. Thus, heart rate at 

maximal ST depression would have been higher without beta-blockade, but the conclusion 

that an increase in cardiac demand is responsible for the onset of ischaemia in hypertensive 

patients and in CAD patients, remains unaltered. 

Limitations 

The use of electrocardiography in hypertensive patients for the detection of cardiac ischaemia 

may be unreliable, because of the presence of baseline ECG abnormalities. To prevent false-

positive results we applied strict criteria in the definition of significant ST segment 

depression, especially when baseline ECG abnormalities were present. Furthermore, almost 

half of all episodes turned out to be symptomatic, which substantiates the ischaemic nature of 

these episodes. 

Clinical implications 

Since all ischaemic episodes were elicited by an increase in cardiac demand, the rationale for 

agents that lower cardiac demand is confirmed. In that perspective, the efficacy of beta-

blocking agents, reducing heart rate, can be understood. Other agents that mainly affect 

blood pressure may also be useful. Agents that may increase heart rate, such as calcium-

antagonists of the dihydropyridine-type, may be less effective. Indeed, in CAD patients beta-

blocker therapy has been found to be more effective in reducing ischaemic episodes than 

calcium-antagonists. [29] These pathophysiological considerations in the choice of medication 

need to be reaffirmed in larger, controlled trials. 

Conclusion 

In conclusion, this is the first study using continuous, simultaneous blood pressure and ECG 

recording, that shows that cardiac ischaemic episodes in patients with hypertension are 

elicited by an increase in cardiac oxygen demand. This may have important implications for 

the choice of treatment in hypertensives with cardiac ischaemia in daily-life. 
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CHAPTER 5 

Introduction 
Finapres, namely noninvasive finger arterial blood pressure monitoring, allows the pulse rate 

to be tracked, but information about the electrocardiogram (ECG) was until now unavailable. 

For several reasons adding ECG recording to the Finapres technique (on the same time axis) 

is interesting: for ST analysis, allowing cardiac ischaemia monitoring, for the evaluation of 

arrhythmias or for the adjustment of pacemaker function. The development of the 

Cardiopres serves this purpose. In this paper we will report the use of this novel method by 

describing a patient with hypertrophic obstructive cardiomyopathy (HOCM), in whom it was 

not clear whether, and to what extent, cardiac ischaemia and/or hypotension was responsible 

for her complaints. 

A 57-year-old woman was admitted to the cardiology department for evaluation of anginal 

complaints and dizziness related to hypotension. One year before, hypertrophic obstructive 

cardiomyopathy (HOCM) was diagnosed in this patient, impairing her mobility to less than 

100 meters of walking because of complaints of dizziness and chest discomfort. She was 

being treated with metoprolol 200 mg on a daily basis. The day before admission she was in 

the outpatient department and complained of severely reduced exercise capacity. A standard 

Bruce treadmill exercise test revealed chest discomfort after 6 minutes of exercise, 

hypotension (down to 70/20 mmHg) and ST depression in leads II, III, aVF and VVVf,. 

However, it was still unclear as to what extent her limited mobility during daily life was 

determined by ischaemia and/or hypotension. 

Methods 
This prototype of the Cardiopres has been designed to function as an ambulatory device, 

carried in a waist-belt. The waist-belt contains the main-unit, with the central processor and 

the memory card, a pump unit to inflate the finger cuffs and the battery. A cable from the 

main unit is guided to the wrist of the non-dominant arm, connecting two cuffs around two 

digits of the same hand. 

For ECG recording, 7 electrodes are attached to the chest, creating 3 bipolar leads, which are 

sampled at a rate of 200 Hz and are connected via a cable to the main unit. Connection to a 

computer allows online monitoring, but in the ambulatory setting analysis is performed 

offline. Data are stored on a 250 Mb ATA-flash memorycard, allowing more than 24 hours 

of recording. Offline analvsis can be performed after extracting data from the memorycard 

and loading it into a computer. 

The method of blood pressure (BP) recording has been amply described. [1,2] In short, a 

pressure waveform is constructed by clamping the finger volume through servo-loop 
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controlled photoplethvsmography, from which systolic, diastolic and mean pressures are 

calculated. Validation studies of the Finapres technique have been reviewed bv Imholz et a/. 

[2\ and thev concluded that Finapres accuracy and precision usually suffice for reliable 

tracking of blood pressure. A height correcting system is present and compensates online for 

hydrostatic pressure distortion. 

Beat to beat values of systolic and diastolic blood pressure (SBP and DBP), mean arterial 

pressure (MAP) and heart rate (HR) are determined from the continuous finger arterial 

pressure signal with the Beatfast program (TNO-BMI, Amsterdam, The Netherlands). Left 

ventricular stroke volume (SV) is estimated on a beat to beat basis using the Modelflow 

method. [3-7] Once calibrated, Modelflow accurately tracks changes in SV, cardiac output 

(CO) and total peripheral resistance (TPR) with a 2% error.(SD 8%) [3] When calibration 

with thermodilution is not performed, changes in SV, CO and TPR as calculated by 

Modelflow are expressed as percentage change from baseline. For more detailed information 

on the Modelflow method see Harms et a/.. [4] 

Holter analysis, including ST segment level quantification and identification of arrhvtmias was 

performed off-line with H-Scribe* (Mortara Instrument, De Bilt, the Netherlands), after 

visual off-line artifact rejection. Significant ST depression was defined as at least 0.1 mV 

horizontal or downsloping ST depression measured 60 ms after the J point, for at least one 

minute. [8] The presence and nature of complaints were noted even7 30 seconds. 

Standard Doppler echocardiography was performed with a VIVID* 5 recorder (General 

Electric Medical Systems, Milwaukee, Wisconsin), using a 1.7 MHz transducer. Systolic left 

ventricular outflow tract gradient was measured before and after exercise, while the patient 

was in the left-lateral recumbent position. Exercise was performed by stepping on and off a 

small step and was symptom-limited. Immediately after cessation of the exercise, the patient 

lav down for the ultrasound investigation. 

The exercise during the Cardiopres measurement was a walk outside the hospital. 

Results 
Supine cardiac Doppler ultrasound studies revealed asymmetric hypertrophic myocardium 

with a maximal supine pressure gradient after dynamic exercise of 70 mmHg, but no pressure 

gradient while in the resting state. 

To investigate the response in the upright position to a physiologic stimulus (a walk outside 

the hospital), and in particular to investigate the time frame of the occurrence of cardiac 

ischaemia and hypotension in relation to her complaints, Cardiopres measurements were 

performed. After walking approximately 50 meters the patient reported a vague discomfort in 
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Figure 5.1 Haemodynamic response to a walk outside the hospital, while the patient was 
taking metoprolol (left panel) and verapamil (right panel). From top to bottom: blood 
pressure; heart rate; stroke volume; cardiac output; ST-segment levels. In the left panel, the 
tracings of BP, SV, CO are depicted in dots when the signal was temporarily unreliable. The 
vertical dashed line marks the onset of the decrease in stroke volume.Abbreviations: BP, blood 
pressure; HR, heart rate; SV, stroke volume; CO, cardiac output; MV3, modified V3 lead; aVF, 
modified aVF lead; MV5, modified V5 lead. 
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the epigastric region radiating to her throat, and complaints of dizziness after walking several 

hundred meters. The haemodynamic response and the course of die ST segment deviation 

during this test are depicted in the left panel of Figure 5.1. From this registration, the 

temporal relationship between changes in blood pressure and heart rate, and the occurrence 

of cardiac ischaemia became evident. The decrease in blood pressure coincided with a 

decrease in stroke volume and cardiac output, despite the increase in heart rate, followed by 

ST segment changes. Metoprolol was replaced by verapamil, [9,10] and the cardiac ultrasound 

examination and the Cardiopres registration were repeated one week later. This time cardiac 

Doppler echocardiography revealed a maximal supine pressure gradient of 90 mmHg after a 

similar exercise as in the first investigation. The Cardiopres test revealed an important 

improvement in exercise tolerance: the patient did not experience any dizziness, while the 

walking pace increased. Results are shown in Figure 5.1, right panel. Cardiac output increased 

despite the absence of an increase in stroke volume, due to the (larger) increase in HR. 

Medical therapy was continued after hospital dismissal. 

When her complaints recurred after dismissal, and subsequent Cardiopres analysis revealed a 

similar exercise pattern as under metoprolol, she was evaluated for therapeutic options other 

than medical therapy. However, she was considered unsuitable for percutaneous transluminal 

septal myocardial ablation, pacemaker implantation or myomectomy, because of the absence 

of a pressure gradient in rest. 

Discussion 
This patient illustrates the diagnostic usefulness of the Cardiopres, the integration of 

ambulatory, continuous noninvasive blood pressure monitoring and 3-channel ECG 

recording. The tracings showed an important improvement in haemodynamic profile and 

reduction in cardiac ischaemia after replacing metoprolol by verapamil, which concurred with 

the amelioration of her clinical svmptoms. However, this result was at variance with the 

findings of a Doppler echocardiographic investigation before and after change of medication, 

which showed a slight deterioration of maximal pressure gradient after exercise. Although 

Doppler ultrasound studies are considered routine for guidance of treatment of patients with 

HOCM, this patient clearly demonstrated the advantage of Cardiopres measurements, as 

opposed to the results of the Doppler ultrasound study that is in general only performed 

during resting, (albeit post-exercise) supine conditions. The influence of the bodvposition 

during haemodynamic evaluation in HOCM has been investigated by Frenneaux et al. [11] 

who demonstrated that peak systolic blood pressure is lower and peak heart rate higher 

during erect exercise when compared to supine exercise in this patient group. This can be 
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explained by the greater than usual importance of venous return in these patients, influencing 

filling pressures of the heart and thereby the size of the pressure gradient during systole. [12] 

Furthermore, a relative higher peak heart rate (in the upright position) during exercise will 

particularly be disadvantageous for patients with diastolic dysfunction as a result of a stiff left 

ventricle. This underscores our finding that haemodynamic consequences of exercise during 

daily life (i.e. in the erect body position) may not be correctly estimated when assessed by 

Doppler echocardiography in a supine position. 

Apart from the use of Doppler ultrasound as guidance for therapy, the complaints of the 

patient should be taken into account. In our patient, this proved particularly difficult because 

of the varying presentation of her complaints and the uncertainty whether these concurred 

with underlying pathologic changes. 

Blood pressure lowering during exercise in patients with HOCM is a well known clinical 

entity, [13] in which several factors may play a role. First, the pressure gradient and 

subsequently outflow tract obstruction may increase secondary to an increase in myocardial 

contractility; hence the choice of medication with negative inotropic activity in these patients. 

Second, the abnormal blood pressure response has been attributed to an abnormal vascular 

response to stress. [14] The vascular resistance has been shown to decrease disproportionally, 

resulting in a lower blood pressure despite an appropriate increase in cardiac output. In our 

patient, this mechanism seemed not to be present because the decrease in SV and CO was 

responsible for the decrease in BP. Third, the occurrence of cardiac ischaemia can affect the 

blood pressure response during exercise. [15] Patients with H(0)CM are prone to cardiac 

ischaemia, not necessarily related to coronary artery disease. [16] Holter recording and 

subsequent ST analysis provides useful information about the occurrence of cardiac 

ischaemia, and correlates better with complaints than thallium-210 perfusion. [17] Finally, in 

patients with HOCM and diastolic dysfunction, an increase in heart rate during exercise may 

compromise cardiac filling. 

With respect to the pathophysiology of episodes of hypotension and cardiac ischaemia in our 

patient, one could speculate about the sequence of these events. Figure 5.1 illustrates that the 

decrease in blood pressure precedes the changes in ST segments, probably secondary to a 

reduced systolic myocardial perfusion pressure. Other factors negatively influencing 

myocardial perfusion are structural abnormalities of myocardial microvasculature, the 

formation of fibrous tissue in the myocardium and diastolic dysfunction. It should be kept in 

mind however, that the pathophysiology of hypotension in patients with HOCM is 

heterogeneous, and not only differs within patients over time (e.g. through the development 

of cardiac ischaemia or dilated cardiomyopathy), but also between patients. Therefore, in this 
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group of patients careful, individual evaluation of the contribution of the various 

pathophysiologic components leading to symptoms should be applied, as shown in this 

patient. This may not only help in making therapeutic decisions, but may also shed more light 

on the pathophysiology of this disease in individual patients. 

Using the Cardipopres, other interesting diagnostic and research possibilities exist in different 

subsets of patients, such as patients with arrhytmias, silent cardiac ischaemia, haemodvnamic 

instability (e.g. patients with orthostatic complaints), pacemakers or combinations of these 

problems. 
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CHAPTER 6 

Introduction 
Cardiovascular mortality in patients with end-stage renal disease is extremely high compared 

to the normal population, in both patients receiving haemodialysis (HD) as renal replacement 

therapy, and in patients on continuous ambulatory peritoneal dialysis (CAPD). [1] The latter 

has a theoretical advantage over the former because of the steady-state situation. Better short 

term control of hypertension [2] and less abrupt changes in intravascular volume are possible 

advantages of CAPD. Yet, it has been shown that fluid shifts during the first 30 minutes of 

CAPD can be as large as those observed in HD. [3] Studies on the haemodynamic effects of 

peritoneal dialysis (PD) have shown conflicting results, [4-6] possibly due to opposing effects 

of ultrafiltration and intraperitoneal fluid on cardiac output. To investigate the short-term 

haemodynamic response in relation to ultrafiltration characteristics, we studied the effects of 

the instillation and dwell of PD solutions on cardiovascular responses. This was done during 

standard peritoneal permeability analysis (SPA). 

Methods 
Patients 

The study group consisted of 26 consecutive patients on CAPD who underwent a SPA as 

routine patient care. The mean age of the study group was 54 years (range 29-79) All patients 

had been stable for at least 3 months on CAPD, with an average of 15 months (range 3 

months to 7 years). None of the patients had clinical evidence of overhydration. During the 

measurements patients sat semirecumbent in a dialysis chair, in a temperature-controlled 

room with an ambient temperature of 22°C during the whole procedure. Patients had not had 

anything to eat or drink since 2400 hr the day before, and were asked to refrain from eating, 

and drinking (with the exception of small amounts of water) during the investigation. 

Antihypertensive medication had not been taken within 10 hours before the investigation. 

The registrations of 5 patients were rejected; 4 due to an unreliable plethysmogram of the 

Portapres [Portapres model-2, TNO Biomedical Instrumentation (TNO-BMI); Amsterdam, 

The Netherlands] blood pressure recording and 1 patient because of many artefacts in the 

registration. As a result, 21 recordings were analysed. The characteristics of these patients are 

presented in Table 1. 

SPA procedure 

A SPA is a routine investigation, performed in patients on CAPD approximately 3 months 

after the start of CAPD and every 12 months thereafter to study the function of the 

peritoneal membrane. [7] The procedure is as follows: Upon arrival in the hospital, the night 
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T a b l e 1 Patient Characteristics 

Pt 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

Sex 

M 

F 

M 

M 

F 

M 

I 

M 

M 

M 

1 

F 

F 

M 

1; 

M 

M 

M 

F 

M 

M 

Age 
(yrs) 

50 

79 

52 

35 

49 

61 

29 

66 

65 

45 

71 

73 

37 

58 

67 

55 

53 

32 

33 

68 

51 

Primary renal disease 

Polycystic kidney disease 

Diabetes mellitus 

Diabetes mellitus 

Diabetes mellitus 

Unknown 

H\pertension 

Unknown 

Hypertension 

Hypertension 

Hypertension 

Goodpasture's disease 

NSAID nefropathy 

Recurrent pyelonefritis 

Diabetes mellitus 

Polycystic kidney disease 

Unknown 

Hypertension 

Diabetes mellitus 

Recurrent pyelonefritis 

Unknown 

Polycystic kidney disease 

Time on 
CAPD 
(months) 
3 

15 

17 

18 

7 

60 

16 

10 

18 

12 

30 

24 

24 

3 

5 

40 

6 

5 

36 

6 

4 

Antihypertensive drugs 

enalapril 

nifedipine 

atenolol, enalapril 

metoprolol, enalapril 

metoprolol, isosorbidedinitrate 

nifedipine, isosorbidedinitrate 

-
nifedipine 

losartan, isosorbidemononitrate 

atenolol, losartan 

-
ni fedipine, isosorbidemononitrate, 
labetolol 
metoprolol 

enalapril, doxazosine, amlodipine 

doxazosine 

nifedipine 

metoprolol 

doxazosine, lisinopril, metoprolol, 
amlodipine 
nifedipine 

metoprolol, amlodipine 

lisinopril 

Abbreviations: Pt, patient; NSAID, nonsteroidal anti-inflammatory drug 

dwell dialysate is drained from the peritoneal cavity (phase 1). Thereafter, the peritoneal 

cavity is rinsed by filling it with a low osmolar dialysate (1.36% glucose, Dianeal; Baxter 

Utrecht, The Netherlands), phase 2. The rinsing fluid is immediately drained (phase 3). 

Finally, the peritoneal cavity is filled (phase 4) with a high osmolar dialysate (3.86% glucose, 

Dianeal), which is primed with dextran 70, 1 g/L (Hyskon; Medisan Pharmaceuticals AB, 

Uppsala, Sweden) to study peritoneal fluid kinetics during the SPA. Dialysate samples are 

taken at regular intervals to determine the time course of the changes in intraperitoneal 

volume. Peritoneal diffusion capacity is expressed as the mass transfer area coefficient, 

(MTAC). The methods applied have been described in detail by Pannekeet et al. [7] The 

amount of instilled dialysis solution, either 1.5 L or 2 L, was similar to the usual amount of 

dialysate in that patient. As such, die SPA resembles a normal CAPD exchange. The dialysate 

(rinsing solution and test solution) is warmed in a microwave oven to a temperature of 38°C. 
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On the day of the SPA residual glomerular filtration rate (GFR), calculated as the mean urea 

and creatinine clearance, is determined. 

Haemodynamic monitoring 

During the complete phase 1-3 and the first 30 minutes of the phase 4 of the SPA 

noninvasive finger pressure was measured in all patients with a Portapres model-2, which is 

the portable version of the Finapres (TNO-BMI). [8] This method has been extensively 

validated in healthy persons, [8-12] in elderly patients with vascular disease [13] and in 

patients with septic shock. [14] Portapres usually underestimates mean and diastolic blood 

pressure in patients with vascular disease. Yet, differences in blood pressure are tracked 

accurately. [13] This technique has also recently been applied in HD patients. [15] 

Measurements were performed on the middle finger of the right hand when no arteriovenous 

fistula used for dialysis access was or had been present. Otherwise, the left hand was taken. 

Procedures were started after the signal had been stable for at least 5 minutes. Events were 

marked with an electronic time marker. The hand that was used for Portapres blood pressure 

measurement was in die same position throughout the whole registration period. A height 

correction system, to correct for the difference in height between the hand and the heart, was 

present. The continuous blood pressure waveform was sampled at 100Hz with 0.25 mmHg 

resolution and stored on a digital flash-memory card after data compressing. 

Data-analysis 

Off-line artefact rejection of the finger arterial pressure tracing was performed visually. Beat-

to-beat values of systolic and diastolic blood pressure (SBP and DBP), mean arterial pressure 

(MAP) and heart rate (HR) were determined from the continuous finger arterial pressure 

signal with the Beatfast program (TNO-BMI). Left ventricular stroke volume (SV) was 

estimated on a beat-to-beat basis using the Modelflow method. [16] This method computes 

aortic flow pulsations from central or peripheral arterial pressure waveform using a non

linear, time-varying three-element model which consists of the characteristic impedance of 

the aorta, arterial compliance and peripheral vascular resistance. This method has been 

validated extensively against thermodilution in healthy subjects, [17] in patients undergoing 

heart surgery [16,18] and in patients with septic shock. [14] Once calibrated, Modelflow 

accurately tracks changes in SV, cardiac output (CO) and total peripheral resistance (TPR) 

with a 2% error (SD 8%). [16] When calibration with thermodilution is not performed, as in 

our study, changes in BP, SV, CO and TPR, as calculated by Modelflow, are expressed as 

percentage change from baseline. For more detailed information on the Modelflow method 

we refer the reader to the study by Harms et al. [17] 
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Statistics 

All parameters were tested for the presence of a normal distribution. First, all serial changes 

in the aforementioned parameters were tested with a two-sided AN OVA. in case of 

statistically significant changes, further analysis was performed using a 2-way paired Student's 

t-test. A correlation coefficient was calculated to investigate the relationship between 

different parameters. Results were considered statistically significant with a 95% limit of 

probability. All values are expressed as means + standard deviation (SD). 

Results 
Portapres recorded BP and HR 

The baseline SBP after a stable signal had been obtained was 124 ± 22 mmHg, DBP 66 ± 1 3 

mmHg. During phase 1 the BP remained stable, but HR decreased from 85.6 + 12.1 

beats/minute (bpm) to 83.5 ± 11.4 bpm (p<0.005). During the ensuing phases of the SPA no 

significant changes in HR were seen. Instillation of the rinsing solution (duration: 6.7 ±1 .7 

minutes) induced a rise in SBP in 16 of the 21 patients from 127 + 26 mmHg to 134 ± 2 7 

mmHg (p < 0.005). The DBP rose from 67 + 13 mmHg to 72 ± 12 mmHg (p< 0.005). 

During drainage of the rinsing solution, no change was seen in BP, but subsequent instillation 

and dwell of the test solution was accompanied bv a further rise in BP: SBP rose 8 + 1 4 

mmHg to a maximum of 142 + 23 mmHg, (p < 0.05), DBP increased 6 ± 8 mmHg to 77 ± 

14 mmHg (p<0.005) (Figure 1). These changes were not correlated with the use of the 

various classes of antihypertensives. 

Haemodynamic parameters 

No significant change in SV could be detected, although there was a tendency to a reduction 

in SV during phase 4. Cardiac output decreased almost 6% in phase 4 while during other 

phases, no significant change in CO was seen. The rise in BP during phases 2 and 4 could be 

attributed to a rise in peripheral resistance, despite the aforementioned decrease in CO, 

increasing more than 25% almost exclusively during phase 2 and phase 4 (both p<0.05), as 

shown in Figure 2. 

Peritoneal transport characteristics 

Intraperitoneal volume increased 225 + 99 ml during the first 30 minutes of phase 4. This was 

not related to the change in SV during the same period, and also not to SBP, DBP, CO or 

TPR. The MTAC of creatinine, a measure of peritoneal diffusion capacity, was not correlated 

with the rise in BP. 
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Residual renal function 

Residual GFR could be determined in all patients except one. The mean value was 2.2 

ml/min, range 0 - 8.7 ml/min. Residual renal function was not correlated with the change in 

BP. 

Discussion 
It is well known that ultrafiltration during haemodialysis affects haemodynamics. [15,19] 

Although fluid shifts during the first half hour of PD may approach 500 ml/30 min., [3] few 

studies have investigated the influence of those fluid shifts (as measured by the change in 

intraperitoneal volume) or the filling of the peritoneal cavitv on haemodvnamic parameters 

such as BP, HR, SV, CO and TPR. 

In an unselected CAPD population we found a distinct rise in BP during the annual SPA, 

when measured bv means of continuous noninvasive Finapres technique. This rise occurred 

both during instillation of the rinsing fluid (1.36% glucose, phase 2) and instillation of the test 

bag (3.86% glucose, phase 4). 

A rise in blood pressure upon instillation of PD fluid has been described in a short report of 

Fleming and co-workers. [6] They found a higher systolic and diastolic blood pressure, when 

comparing 'full' (dialysate instilled) and 'empty' (dialysate drained) conditions in 8 subjects. 

Blood pressure was measured using an oscillometric method, recording BP and HR every 2 

minutes. The average rise in SBP in the full condition was 5.6 mmHg, the rise in DBP was 

3.5 mmHg. They were not able to describe the underlying haemodvnamic changes. The rise 

in BP in our population was larger, and reproducible with two different dialysate 

concentrations. Others, however, using invasive monitoring, did not find a rise in blood 

pressure, but they reported a decrease in CO immediately upon instillation of the dialysate 

within the intraperitoneal cavity, and a compensatory rise in peripheral resistance. [4,5] 

Although the same underlying mechanism was probably present in these patients as in those 

studied by us, BP was not affected. This might be explained by the acute indication for PD in 

the stud}' of Swarte et at, [4] who investigated patients with acute renal failure, while we 

investigated patients who were stable on CAPD. Pacifico et al. [5] investigated patients under 

sedation and analgesia and used a different dialysis solution with a low osmolality. 

Stroke volume did not change significantly despite the 225 ml removed from the extracellular 

volume during the first 30 minutes of the dwell. This might be due to subclinical 

overhydration, which has been reported before in PD patients, [20] or due to a compensatory 

increase in stroke volume due to compression of the mesenteric vasculature by the PD fluid. 

The rise in blood pressure could be fully attributed to an increase in total peripheral 
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resistance. A possible explanation could be an increment in local splanchnic or systemic 

resistance due to glucose induced insulin release. This might have been the case because 

insulin has been shown to induce arteriolar vasoconstriction in case ot endothelial 

dysfunction. [21] However, our observation of a similar, albeit initial, response after 1.36% 

glucose and 3.68 % argues against a glucose-related effect. Also, the similar reaction in 

diabetic and non-diabetic patients does not support a direct role for glucose. 

Sympathetic activation as a result of stretching of structures within the peritoneal cavity or 

pain related to fluid instillation might offer alternative explanations for the increased 

peripheral resistance. Noxious effects of the dialvsate might also induce sympathetic 

activation but, to the best of our knowledge, sympathetic activity has not been studied during 

instillation of CAPD fluid. Finally, the dialvsate might also have a direct mechanical effect on 

splanchnic vasculature. 

In this study we have shown that blood pressure rises upon instillation of PD fluid. This rise 

is caused by an increase in total peripheral resistance, possibly caused by sympathetic 

activation or mechanical effects. Despite the continuous nature of the technique, PD patients 

might be subjected to considerable blood pressure fluctuations. 
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CHAPTER 7 

Introduction 
The blood pressure (BP) response and underlying hemodynamics during hemodialysis (HD) 

have been studied extensively. [1-6] Most studies focused on the cause of dialysis induced 

hypotension. Hypotensive episodes have been explained by inadequate cardiac filling, 

induced in part bv inadequate venous compliance, [7] temperature induced decreases in total 

peripheral resistance, [8] decreased cardiac contractility and sympathetic inhibitor}' reflexes 

induced by cardiac underfilling. [6] In uncomplicated HD, i.e. in patients without hypotensive 

complaints, a large variation in BP response is still present. Controversy exists whether this 

response can largely be attributed to a change in stroke volume, or a change in peripheral 

resistance. [1,5] From a pathophysiological viewpoint this seems an important question to 

answer, not only to gain more insight in the mechanisms that underly BP changes during HD, 

but also to help prevent hypotensive or hypertensive episodes during HD. One technique 

introduced to predict hypotensive episodes is blood volume (BV) monitoring. However, 

changes in BV alone do not predict the BP response to HD. [9] 

The objective of the present study was to investigate the relative importance of stroke 

volume and total peripheral resistance by performing continuous hemodynamic and BY 

measurements in unselected HD sessions. This enabled us to relate BP changes to changes in 

BV. 

Methods 
Patients 

Patients who were stable on HD for at least 2 months were investigated. Subjects were 

selected on grounds of the following criteria: technical possibility of finger arterial pressure 

recording and BV registration and willingness to provide written informed consent. Eight 

patients have been described previously in a study in which the influence of HD on cardiac 

supply and demand was investigated. [4] 

Dialysis 

Patients were dialyzed with an AK-100 (Gambro, Stockholm, Sweden) or Fresenius 4008 H 

(Fresenius Medical Care, Bad Homburg, Germany) on polysulfone or cellulose triacetate 

membranes. Dialysis times ranged from 180 to 240 minutes. Hemodialysis and ultrafiltration 

were combined, adapted as needed to achieve the clinically determined dry weight. The 

composition of the dialysis fluid was NaT 138 mmol/L, K+ 2-4 mmol/L, Ca++ 1.25-1.5 

mmol/L, Mg+ 0.5 mmol/L, Cl _ 108.5 mmol/L, bicarbonate 32 mmol/L, acetate 3.0 

mmol/L, glucose 1 g/L. Dialysate temperature was kept at 36 °C. 
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B V and BP recording 

During dialysis BV was measured continuously during dialysis with an optical probe on the 

arterial line of the extracorporeal circuit (Critline, ln-Line Diagnostics, Riverdale, UT). The 

changes in BV were calculated from the changes in hematocrit and expressed as % change 

from baseline. 

The blood pressure was recorded continuously with Portapres model-2 (BMI-TNO, 

Amsterdam, the Netherlands), which is the portable version of the Finapres. [10] In short, a 

pressure waveform is constructed by clamping the finger volume through servo-loop 

controlled photoplethysmography, from which systolic, diastolic and mean pressures are 

calculated. In patients with a AV-fistula for vascular access, the non-fistula arm was taken. 

Although absolute BP values may differ from more centrally measured pressures, this 

technique allows accurate tracking of BP, even in patients with vascular disease. [11] 

Analysis 

BP was converted to a digital signal with a sampling rate of 100 Hz. Systolic, mean and 

diastolic blood pressures (SBP, MAP and DBP) and heart rate (HR) were stored on a 

computer and used for further analysis. Modelflow (TNO-BMI) [12] calculations provided 

changes in stroke volume (SV), cardiac output (CO) and total peripheral resistance (TPR). 

Without individual calibration with another technique, the Modelflow derived absolute 

estimates of SV, and subsequently CO, show a 20% error, introduced by the fact that the 

diameter of the aortic arch varies by approximately 20% in the general population. However, 

changes in CO, as calculated with Modelfow, follow changes in CO measured by 

thermodilution with a 2% error, standard deviation 8% in patients with symptomatic vascular 

disease undergoing heart surgery, [12] as confirmed in a more recent study. [13] Since we 

were interested in changes in hemodynamic parameters during hemodialysis, we did not 

perform a calibration with an independent technique. Changes in these parameters were 

expressed as % changes from baseline. 

For BV, we used 20 second averages as provided by the instrument. Every 30 minutes a value 

was recorded and used for further calculations. 

For all parameters a baseline value was calculated (2 minute averages, t=0, after a 10 minute 

rest period) before start of haemodialvsis, and every 30 minutes thereafter (t=30, 60, 90, 120, 

180, 210 and 240 minutes). 

We divided the patients into 2 groups according to the magnitude of SBP change during HD 

divided by the change in BV. This measure, the so-called sensitivity index (SI), [14] gives 

more information than the SBP change alone, since the amount of BP change is corrected for 

the amount of BV reduction: patients with a large decrease in SBP and a small change in BV 
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Figure 7.1 Typical example of the calculation of the Sensitivity Index (SI). SI is obtained 
by calculating the slope of the regression line fitted through the points connecting the 
change in systolic blood pressure (SBP) and the change in blood volume (BV), both as 
expressed as percentage change from baseline, as measured during haemodialvsis. 

have a higher sensitivity index than patients with a large decrease in SBP and a large decrease 

in BV. We obtained these indexes by fitting a regression line through the points connecting 

SBP and BV change in each individual, using the slope of that line as SI (see Figure 7.1). The 

patient group was divided according to the SI; the closest round number to the calculated 

median of all Si's was taken to obtain two equal sized groups. 

Statistical analysis 

All values are expressed as mean + standard deviation. All parameters were tested to have a 

normal distribution. Serial changes were tested for significance with a two-sided analysis of 

variance (ANOVA), and in case of statistically significance the p-value was calculated with a 

two-sided paired students / test, comparing baseline values to post-dialysis values. Unpaired t 

tests were used to compare group averages. 

Correlation coefficients were calculated using Pearson's test. 
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Results 
Patients 

Twenty-one patients were investigated. In two patients unreliable signals were obtained, 

resulting in 19 patients that were included in the final analysis (10 men and 9 women, age 56 

± 18 years, range 19-85 years). Patients were on dialysis for 6.4 years, range 0.2-17 years. All 

patients except 6 were treated with vasoactive substances (Calcium-antagonists in 9 patients; 

B-blocking agents in 8 patients, long-acting nitrates in 5 patients, ACE-inhibitors in 4 

patients, Alfa-blocking agents in 2 patients). None of the patients had experienced a 

myocardial infarction or had been treated for acute heart failure in the 6 previous months. 

Sensitivity index (SI) 

The median of the all Si's was 0.93. Thus, patients were divided in group A, SI > 1, and 

group B, SI < 1. Group A (i.e. subjects with a relatively large decrease in BP in response to 

BV decrease) consisted of 9 subjects (mean SI 2.2, range 1.1 - 4.6), group B (those with a 

relatively stable BP in response to BV decrease) consisted of 10 subjects (mean SI -0.6, range 

-6.3 - 0.9). Baseline characteristics are summarized in Table 7.1. Differences between the two 

groups did not reach statistical significance in any of the baseline parameters. 

Table 7.1. Baseline characteristics 

No. of patients 
Male/Female 
Age (range) 
HlJ duration (years (range)) 
Diabetes 
Fluid withdrawn (ml) 
Medication use (No. of patients) 

Ca-antagonists 
Beta-blocking agents 
Nitrates 
ACE-inhibitors 
Alpha-blocking agents 

Baseline Haemodvnamics 
SBPfinap (mmHg) 
MAPfinap (mmHg) 
DBPfmap (mmHg) 
HR (bpm) 

(, 
9 

roup A (SI > 

5/4 
55 (35-64) 
6.0 ±6 .4 (0.2 1 
3 
2333 ± 1152 
5 

4 
2 
2 
3 
1 

126 ± 19 
75 ± 10 
54 ± 1 1 
73 ± 11 

1) 

7) 

G 
10 
5 / 
57 

•oup B (SI < 1) 

5 
(19-85) 

6.8 ± 4.2 (2-16) 
2 
2120 ± 909 
8 

5 
6 
3 
1 
1 

145 ± 39 
87 ± 2 1 
63 ± 15 
81 ± 10 

Abbreviations: HD, haemodialvsis; SBP, systolic blood pressure; DBP, diastolic blood 
pressure; MAP, mean arterial blood pressure; SI, sensitivity index. 
A high value of SI indicates the hvpotension prone patients, a low value hypotension resistant 
patients. Values are expressed as mean ± SD where appropriate. 
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Blood volume 

There was no difference between group A and group B in the amount of fluid withdrawn: 

group A had an ultrafiltered volume of 2333 ± 1152 ml and group B of 2120 ± 909 ml. This 

resulted in a similar BV change: group A had a decrease in BV of 10.6 ± 4 .9% and group B 

11.2 ± 4.2%. There was a strong correlation between the amount of fluid withdrawn and the 

change in BV (r2 = 0.42, p<0.01) , but B V change was insufficient to predict the response in 

SBP (r2 = 0.05, NS, Figure 7.2). 

Figure 7.2. Relation 
between changes in 
blood volume (BV) and 
changes in systolic 
blood pressure (SBP). 
There was no relation 
between the change in 
BV and the change in 
SBP. 
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Hemodynamics 

N o n e of the patients experienced symptomatic hypotension during the H D session. As 

shown in Figure 7.3, in group A SBP decreased by 25 + 19 m m H g while in group B the SBP 

increased by 5.0 ± 29 m m H g (p<0.05). T h e changes in D B P (group A 4 ± 13 m m H g , group 

B 12 ± 15 mmHg) , M A P (group A - 5 ± 13 m m H g , group B 9 ± 20 m m H g and H R (group 

A 9 ± 11 b p m and B 6 ± 10 bpm) were not different between the two groups. 

T h e underlying hemodynamics, as shown in Figure 7.3, revealed that the difference in SBP 

response was elicited by a significant difference in SV response. In bo th groups SV 

decreased, but in group A the decrease at the end of the H D session was 44 ± 16%, and in 

group B 26 ± 18% (p = 0.04). This difference was also present in the C O decrease (39 ± 

1 1 % in group A vs. 23 ± 14% in group B, p = 0.01) due to the fact that the H R response was 

almost similar in both groups. Although there was an important increase in T P R in all 

patients but one (65 ± 44%, p<0.0001), this was not different between the two groups (71 ± 

2 7 % in group A vs. 59 ± 5 8 % in group B). 
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Abbreviations: BV, blood volume, 

SBP, systolic blood pressure; DBP, 

diastolic blood pressure; MAP, mean 

arterial blood pressure; HR, heart 

rate; SV, stroke volume; CO, cardiac 

output; TPR, total peripheral 

resistance. Note that changes in 

blood pressure and heart rate 

(portapres derived) are depicted in 

absolute values, and that changes in 

SV, CO and TPR are expressed as 

percentages from baseline. Values 

are means + / - SE. 

# All baseline values were not 

statistically different between the 

groups 

* Change from baseline value at the 

end of dialysis in group A and B was 

compared, p < 0.05 
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Indeed, there was a significant relation between changes in SY and changes in SBP (r2 = 0.22, 

p = 0.04), but not between TPR response and change in SBP (r2 = 0.02, NS). 

Hemodynamics 

None of the patients experienced symptomatic hypotension during the HD session. As 

shown in Figure 7.3, in group A SBP decreased by 25 ± 19 mmHg while in group B the SBP 

increased by 5.0 ± 29 mmHg (p<0.05). The changes in DBP (group A 4 ± 13 mmHg, group 

B 12 ± 15 mmHg), MAP (group A -5 ± 13 mmHg, group B 9 ± 20 mmHg and HR (group 

A 9 + 11 bpm and B 6 + 10 bpm) were not different between the two groups. The 

underlying hemodynamics, as shown in Figure 7.3, revealed that the difference in SBP 

response was elicited bv a significant difference in SV response. In both groups SV 

decreased, but in group A the decrease at the end of the HD session was 44 + 16%, and in 

group B 26 + 18% (p = 0.04). This difference was also present in the CO decrease (39 + 

11% in group A vs. 23 ± 14% in group B, p = 0.01) due to the fact that the HR response was 

almost similar in both groups. Although there was an important increase in TPR in all 

patients but one (65 + 44%, p<0.0001), this was not different between the two groups (71 ± 

27% in group A vs. 59 ± 58% in group B). Indeed, there was a significant relation between 

changes in SV and changes in SBP (r2 = 0.22, p = 0.04), but not between TPR response and 

change in SBP (r2 = 0.02, NS). 

Discussion 
Many studies have investigated the hemodynamic changes in response to HD. The change in 

BP has been found to vary widely; some patients develop hypotension, while others have an 

increase in BP during HD. BV monitoring was supposed to provide more insight into the 

hemodynamics of uncomplicated HD and to be helpful in preventing hypotensive episodes. 

However, changes in BV alone do not predict the BP response to HD. We investigated the 

value of changes in SV and TPR and found that patients who tended to have a lower BP as a 

result of hemodialysis had a larger decrease in SV than patients without a tendency to a lower 

BP. TPR, on the contrary, increased similarly in both groups. 

This finding concurs with the study of Nakamura et ah. [5] These authors selected their 

patients depending on the BP response during HD (decrease in MAP > or < 10%) and 

estimated CO using echocardiography. In their study the SV decreased by 31% in the 

hypotension group, while it decreased only 6% in the stable BP group. Chaignon et al. also 

divided their patients according to the change in MAP, and they also used echocardiography 

to study hemodynamics. [1] These authors ascribed the BP response to a difference in TPR 

response: those with a stable BP had an appropriate increase in TPR, while those with a 
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decrease in BP did not have a change in TPR. An important difference between the study 

from Chaignon et al and ours, is that their subjects did not exhibit a change in HR, while in 

our patients an average increase of 8 ± 10 bpm was found. This increase in heart rate agrees 

with other studies investigating hemodynamics during HD. [4,14-16] 

In other studies describing an inadequate TPR response, patients with recurrent, symptomatic 

[17] or sudden, severe hypotension [6] were investigated In the present study a random, 

consecutive sample of patients without symptomatic hypotension wTas studied. This provides 

a possible explanation for the discrepancy between those studies and our results. 

In contrast to many previous studies we also monitored changes in BV. This allowed us to 

use the SI as proposed by Cavalcanti et al. [14] This index corrects the BP response for 

differences in BV reduction and allowed us to study the question why some patients respond 

with BP lowering to BV reduction, while others do not. BV changes alone were not sufficient 

to predict the decrease in BP (Figure 7.2), which is in agreement with the findings of 

Leypoldt et al. [9] We used SBP for the calculation of the SI, instead of MAP, because 

changes in SBP are important for organ perfusion. Furthermore, changes in SBP relate more 

closely to the cardiac afterload than changes in MAP or DBP. 

Because we were able to measure hemodynamics continuously, SI was derived from the 

continuous relationship between the SBP and BV, and not just a baseline value and post-

dialysis value, which may be subject to large variations due to small differences in timing, and 

which does not take into account the shape of the curve describing the relation between SBP 

and BV. 

In our study SV, and subsequently CO, differed between patients with a SI > 1 (lower BP 

during HD) and SI<1 (relative stable BP). The more pronounced decrease in SV in group A 

might theoretically be explained by differences in cardiac contractility and/or differences in 

cardiac filling. Although the change in BV was similar in both groups, we cannot rule out that 

venous dilatation was different between the groups. As such, in this study it is not possible to 

distinguish between a difference in venous dilatation, or a difference in cardiac function as 

the primary cause of the larger decrease in SV in group A. We did not measure the hydration 

status in the patients; all patients were clinically euvolemic. The fact that similar amounts of 

ultrafiltration caused similar decreases in blood volume, suggests that the hydration 

status was similar in both groups. 

A potential reason for a difference in cardiac contractility is the use of medication with 

negative inotropic effects. However, this cannot explain our results since the use of such 

medication was larger, albeit not significantly different, in group B, i.e. the group without BP 

decrease. The statistically non-significant difference in beta-blocker use between the two 
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groups neither provided an explanation for our results, since heart rate response was similar 

between the groups. 

Our methods should be used with caution. Finger arterial BP measurement with Finapres 

technique allows tracking of the BP with sufficient accuracy, but absolute values may differ 

from brachial BP. [11] Especiallv in elderlv or in subjects with atherosclerotic disease the 

finger arterial pressure might underestimate more centrally measured pressures. Since we 

were interested in the change in BP, independent of the absolute value of the BP, this was not 

a hindrance for the study. The Modelflow method enables us to monitor SV continuously in 

a noninvasive way. This method has undergone extensive validation in different subsets of 

patients. [10,11,18-22] Again, when calibration is not performed, relative changes compared 

to baseline values should be used, as was done in the present study. Ideally one would use 

invasive techniques to measure hemodynamics, but this was deemed unethical in stable 

chronic hemodialysis patients. 

Normally, changes in SV are not easy to measure, but with our methods noninvasive 

monitoring of hemodynamics is possible. Since the SV was the only parameter in which 

group A and B differed, further research into its value in predicting hypotensive episodes and 

in increasing hemodynamic stability during HD is warranted. 

It can be concluded that patients responding with a blood pressure decrease to BV reduction 

were different from patients with a stable BP in their SV response. The SV response could 

not be predicted from clinical data and from vasoactive medication used. 
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CHAPTER 8 

Introduction 
A phaeochromocytoma, although often suspected in the case of severe paroxysmal hyper

tension, is seldom diagnosed. When a doctor suspects a phaeochromocytoma, an array of 

diagnostic tests can be performed, mostly without success. Various other diagnoses must be 

considered when a phaeochromocytoma cannot be diagnosed, but in approximately half of 

the patients with paroxysmal hypertension a definite diagnosis cannot be made. We describe 

the case of woman with severe paroxysmal hypertension caused by Valsalva's manoeuvre 

during blood pressure measurement. 

Case report 
A 48-year-old woman was transferred to our hospital for the evaluation of severe therapy-

resistant hypertension. Three months before admission to our hospital she was admitted to 

another hospital because of nausea, headache, palpitations and near-svncope, with a blood 

pressure of 250/160 mmHg while taking metoprolol. Her history revealed a borderline 

personality disorder; she had been admitted to psychiatric hospitals several times in the past 

20 years because of suicide attempts and depressive episodes. She was wheelchair-bound 

despite the absence of an objective neurological disorder. Funduscopy showed grade II 

hypertensive retinopathy. She was transferred to our hospital because extensive workup could 

not demonstrate hormonal or renovascular hypertension and several antihypertensive agents, 

taken under supervision of a nurse, did not bring about a meaningful drop in pressure. 

On admission, she complained of episodes of headaches, visual disturbances (diminished 

acuity at close range and flashes), anxiety, palpitations, nausea and occasional vomiting, 

lasting between several minutes and half an hour and occurring several times per day. 

Physical examination showed a nervous, wheelchair-bound woman. Cuff blood pressure 

varied between 95/60 mmHg and 240/170 mmHg, and her pulse rate was 80 to 165 bpm. 

She had scars of self-inflicted wounds on the backs of both hands, but otherwise physical 

examination was unremarkable. Driven by the suggestive complaints that were accompanied 

by a highly variable blood pressure and heart rate, further investigations to rule out a 

phaeochromocytoma were performed. Catecholamines were repeatedly normal both in urine 

and plasma. During an attack plasma noradrenaline rose to 4.66 mmmol/L (normal values < 

3.25 mmol/L) and adrenaline was 2.85 mmol/L (normal < 0.55 mmol/L). The clonidine 

suppression test was negath/e, as well as an octreotide scan. To investigate short-term blood 

pressure variability beat-to-beat finger blood pressure monitoring with Finapres Model 5 

(TNO-BMI, Amsterdam, The Netherlands) on the left hand was performed. We observed 

repeated swings in blood pressure that typically accompany the various phases of Valsalva's 
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manoeuvre. These episodes lasted well over 30 seconds. We performed simultaneous airflow 

measurement with a nose thermistor, CO2 measurement in the exhaled air using a 

capnograph, and blood pressure measured on the contralateral arm using a Dinamap recorder 

( G E Medical Systems, Milwaukee, Wisconsin). The tracings showed that the patient 

performed Valsalva's during each Dinamap measurement (see Figure, left) but also repeatedly 

while alone and unobserved. Typical Dinamap readings during Valsalva's manoeuvre were 

220 /120 m m H g . These blood pressure responses were identical to those evoked when the 

patient was instructed to do a classic Valsalva's manoeuvre with a pressure of 20 m m H g 

(Figure, right). When confronted with these findings, the patient said that she did not do it on 

purpose. She was referred to a psychologist specialized in breathing technique. 

Dinamap 
measurement 

20 mm Hg 
Valsalva 

Time (s) 
Figure 8.1 Blood pressure, heart rate (Finapres), airflow through the nose 
(nose thermistor) and CO2 content of the exhaled air through the nose 
(capnographv) during a Dinamap measurement {left) and instructed Valsalva's 
manoeuvre {right). The arrow indicates elevated CO2 level after resumption of 
breathing. *Erroneous lack of CO2 due to predominant mouthbreathing. 
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Discussion 
Severe, paroxysmal hypertension always suggests a phaeochromocytoma. When such a 

tumour cannot be diagnosed, which is often the case, several other diagnoses must be 

considered. Kuchel described a series of 63 patients [1] with complaints suggestive of 

phaeochromo-cytoma in whom the diagnosis could not be made, a so-called 

pseudophaeochromocytoma. Of these patients 49 had hypertension and 8 patients were 

found to have both hypertension and hypotension. Diagnoses that were found included 

idiopathic hypovolemia (14 patients), mastocytosis (9 patients), incidentaloma (9 patients), 

neurogenic hypertension (4 patients) and cocaine abuse (1 patient). In our patient these 

diagnoses could be rejected. In the patients without an alternative diagnosis, a possible 

psychosomatic response to undetermined stimuli was considered. In a recent review article, 

[2] Mann described a series of 21 patients with paroxysmal hypertension in whom 

phaeochromocytoma could not be diagnosed. These patients were selected from 700 

consecutive patients referred for the evaluation of hypertension. Although a relation to 

emotional distress was initially not apparent, later in the diagnostic course 14 patients 

acknowledged a history of severe emotional trauma. A rare diagnosis that falls within the 

same category of psychosocial related disease, although not diagnosed in the series of Kuchel 

[1] and Mann [2], is factitious phaeochromocytoma. According to the Diagnostic and 

Statistical of Mental Disorders, [3] patients with factitious disorder are fully aware of their 

actions, and produce or feign physical or psychological symptoms in order to assume the sick 

role. This is not done for economic gain or to avoid responsibility, such as in malingering. 

Clues leading to suspicion of factitious disorder are equanimity to diagnostic or therapeutic 

procedures, borderline personality traits, evidence of self-induced physical signs, deprivation 

in childhood and multiple hospitalisations, which were all present in our patient. Other clues 

are knowledge of, or experience in a medical field, antisocial personality traits, multiple scars 

(abdominal), male gender and a police record. Several case-reports describe patients who 

surreptitiously inject catecholamines. [4-6] Our patient, however, performed frequent 

Valsalva manoeuvres, elicited by blood pressure measurement, thereby creating a 

disproportionate high reading of her blood pressure. As such, the diagnosis of factitious 

disorder, or Munchausen syndrome could be made. This specific form of factitious disorder 

has been described once before. [7] Several similarities exist between that case and our 

patient. They also found a discrepancy between continuous measured blood pressure and 

blood pressures measured with a cuff. Furthermore, blood pressure control was 

unsuccessfully attempted with several anti-hypertensive agents, including intravenous 

medication. Further studies to investigate haemodynamic changes evoked by prolonged 
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straining in 3 healthy volunteers were performed by Kaisalam et al. [7]. The average rise in 

mean arterial pressure was 20 mmHg, with one patient attaining a blood pressure of 235/115 

mmHg. We were able to reproduce the exact haemodynamic changes that were witnessed 

during blood pressure measurement, by instructing the patient to maintain an expiratory 

pressure of 20 mmHg, during 30 s. 

In conclusion, we found in a hypertensive patient with suspected phaeochromocvtoma severe 

hypertensive periods, caused by frequent voluntary Valsalva manoeuvres, particularly trigger

ed by blood pressure measurements. Continuous noninvasive finger arterial pressure moni

toring led to the recognition of the Valsalva's manoeuvre. 

103 



CHAPTER 8 

References 

1. Kuchel C). Increased plasma dopamine in patients presenting with the 
pseudopheochromocytoma quandary: retrospective analysis of 10 years' experience. J 
Hypertens 1998; 16 :1531-1537. 

2. Mann SJ Severe paroxysmal hypertension (pseudopheochromocvtoma): understanding 
the cause and treatment. Arch Intern Med1999; 159:670-674. 

3. Task Force on DSM-IV and other committees and work groups of the American 
Psychiatric Association. Diagnostic and Statistical Manual of Mental Disorders. IV. 5-
1999. Washington DC, American Psychiatric Association. 

4. Keiser HR Surreptitious self-administration of epinephrine resulting in 
'pheochromocytoma'.JAMA 1991; 266:1553-1555. 

5. Spitzer D, Bongartz D., Ittel TH, Sieberth HG. Simulation of a pheochromocytoma— 
Munchausen syndrome. Eur J Med Res 1998; 3:549-553. 

6. Stern TA, Cremens CM Factitious pheochromocytoma. One patient history and 
literature review. Psychosomatics 1998; 39:283-287. 

7. Kailasam MT, Parmer RJ, Stone RA, Shankel S, Kennedy BP, Ziegler MG et al. 
Factitious pheochromocytoma: novel mimickry by Valsalva maneuver and clues to 
diagnosis. Am] Hypertens 1995; 8:651-655. 

HM 



Summary 



SUMMARY 

Summary 

This thesis focuses on the haemodynamic consequences or circumstances of several 

pathologic conditions that pose a challenge for the cardiovascular system. These conditions 

include the various aspects of cardiac ischaemia, more particularly when the presence of 

ischaemia is not accompanied by complaints, so-called silent ischaemia. Other conditions are 

renal failure and renal replacement therapy (haemodialysis or peritoneal dialysis), 

hypertrophic cardiomyopathy and finally an odd case of factitious phaeochromocytoma. 

Chapter 1 renders a short general introduction paying attention to the use of noninvasive 

monitoring in the cardiovascular laborator,'. Furthermore, attention is given to the 

occurrence of cardiac ischaemia in general. A general outline of this thesis is given. 

Chapter 2 gives an elaborate review of silent cardiac ischaemia, with the emphasis on what is 

known of silent ischaemia in hypertensive patients. For many years now, silent ischaemia has 

been recognised as a distinct clinical entity, and its relevance in different patient groups has 

been established. Still a number of basic questions have not been answered. In explaining the 

pathophysiology of silent ischaemia, factors affecting both the demand and the supply side 

are now being recognised. With the exception of certain well defined groups it is not clear 

why some patients are mostly symptomatic, while other patients are predominantly-

asymptomatic. There appear to be many factors influencing the ischaemic pain threshold. 

Studies investigating the prevalence of silent ischaemia show a remarkably high prevalence of 

silent ischaemia in different patient groups. 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. 
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In Chapter 3 the prevalence of silent cardiac ischaemia in hypertensives is investigated. 

There is a large variation in reported prevalences of silent cardiac ischaemia, which can partly 

be explained by differences in patient characteristics between these studies. Since the 

occurrence of silent ischaemia in daily life is unpredictable, most studies use ambulatory 

electrocardiographic (Holter) monitoring for the determination of silent episodes. 

Ambulatory electrocardiographic monitoring allows full mobility and can be used for longer 

periods of time. The electrocardiographic recording is usually analysed with the help of 

dedicated software that determines variations in the ST segment level. However, an 

important part of this analysis relies on visual verification by an investigator. We hypothesised 

that the stringency of the criteria applied in the use of ST segment analysis may play an 

important role in the reported prevalence. For this purpose we analysed the holter recordings 

of 194 hypertensive patients with two sets of criteria: stringent criteria, adapted from standard 

guidelines, and loose criteria, as derived from other publications. More than 4400 hours of 

ambulatory blood pressure recording and holter recording were obtained. We found that with 

the application of stringent criteria, the prevalence of silent cardiac ischaemia in hypertensives 

was 5.2%. Applying a more basic definition of silent ischaemia, the prevalence more than 

doubled (11.2%). Although it is not surprising that the prevalence increases with the 

application of 'loose' criteria, we found the magnitude of this effect remarkable. Furthermore, 

even though we investigated a population in the setting of an academic hospital, with average 

blood pressures that are similar to those reported in other studies, the prevalence was 

surprisingly low. 

Chapter 4 deals with the basic pathophysiologic question in what circumstances silent 

ischaemic episodes of the myocardium occur. In patients with macrovascular (i.e. coronary 

artery) disease, it is generally accepted that in face of a decreased oxygen supply, a temporary 

increase in cardiac demand may lead to cardiac ischaemia. The presence or absence of 

complaints does not appear to affect this pathophysiologic mechanism. Still, some studies 

have recorded ischaemic episodes when no increase in cardiac demand could be recorded. 

Partly, this can be explained by shortcomings in blood pressure registration: intermittent 

blood pressure registration may miss the haemodynamic changes just before the occurrence 

of ischaemia. In patients with hypertension, this question seems even more difficult to 

answer. Changes in the ECG may be more difficult to interpret due to baseline changes as a 

result of left ventricular hypertrophy, and a larger proportion of patients with hypertension 

with ECG changes suggestive of ischaemia is asymptomatic. Furthermore, macrovascular 

disease is more often absent, while microvascular dysfunction has been shown to be present. 
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With this constellation, a difference in pathophysiology between coronary artery disease 

patients and hypertensive patients may be suspected. We sought to investigate this by 

measuring simultaneously continuous finger blood pressure and ECG with the Cardiopres 

during 48 hours in both subsets of patients with proven silent cardiac ischaemia. During the 

48 hours registration, a daily protocol was followed, with different kinds of haemodynamic 

challenges. The haemodynamic circumstances of ischaemic episodes were analysed. We 

found that in both types of patients, ischaemic episodes were elicited by an increase in cardiac 

demand. None of the episodes occurred spontaneously. Furthermore, what appeared to be 

silent ischaemic episodes at first, turned out to be (atypical) symptomatic episodes upon closer 

interrogation in almost half of the episodes. Comparison of episodes in patients with 

coronary artery disease patients versus those in hypertensive patients, which was hampered 

by a skewed distribution of B-blocker use, revealed no large differences. It was concluded 

that (silent) cardiac ischaemia is provoked by increases in cardiac demand, both in 

hypertensive patients and in patients with coronary artery disease. There appears to be no 

difference between silent and symptomatic episodes. 

In Chapter 5 the usefulness of the Cardiopres in a different patient category is shown. The 

Cardiopres enables the cardiovascular investigator to monitor simultaneously a 3 lead ECG 

and finger blood pressure in a noninvasive, ambulatory manner. The use of the device is 

illustrated by a case of a patient with obstructive hypertrophic cardiomyopathy, that exhibited 

both hypotension and cardiac ischaemia. The exact sequence of events could not be 

established by conventional study methods, and with the Cardiopres we showed that cardiac 

ischaemia occurred a result of a decrease in blood pressure, and not vice versa. 

In Chapter 6 we studied the haemodynamic changes that occur during peritoneal dialysis. 

Several mechanisms are active simultaneously during an intraperitoneal fluid exchange and 

reports investigating the cause of blood pressure changes during peritoneal dialysis have 

shown conflicting results. By performing continuous finger blood pressure recording during a 

standardised peritoneal fluid exchange and subsequent Modelflow analysis (which estimates 

stroke volume by analysing the shape of the finger pressure waveform) in 21 consecutive 

patients, we found that an increase in blood pressure predominantly occurred during the 

instillation of fluid in the peritoneal cavity. The increase in blood pressure was caused by an 

increase in total peripheral resistance. This could be mediated by a direct mechanical effect of 

the dialysate, by a temperature related effect, or by compensatory cardiovascular reflexes. 
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Chapter 7 describes the haemodynamic changes during uncomplicated haemodialysis. In 

patients with hypotensive episodes during haemodialysis, an acute decrease in the total 

peripheral resistance has been found as the cause of hypotension, in patients without 

symptomatic blood pressure changes during haemodialysis, it is not clear what differentiates 

patients responding to haemodialysis with a rise in blood pressure from those with a decrease 

in blood pressure. Some studies report a change in stroke volume, while others found a 

change in peripheral resistance as the predominant mechanism. We investigated 17 patients 

during a haemodialysis session with finger blood pressure and blood volume recording, and 

compared the patients with a relative stable blood pressure relative to the decrease in blood 

volume, with those that exhibited a fall in blood pressure relative to the blood volume 

change. In order to do this, we calculated the sensitivity index, which is the slope of the 

regression line fitted through the points connecting systolic blood pressure change and blood 

volume change, and divided the patients according to the sensitivity index in two groups. We 

found that the only factor differentiating the two groups was the response in stroke volume, 

and not the total peripheral resistance change. It is concluded that patients responding with a 

blood pressure decrease to blood volume reduction are different from patients with a stable 

blood pressure in their stroke volume response. 

Chapter 8 elaborates on a rare diagnosis that was made in a patient with unexplained 

hypertensive bouts. A 57-year-old woman was suspected of phaeohromocytoma because of 

paroxysmal severe hypertension, sweating, nausea, palpitations and headaches. A diagnosis of 

secondary hypertension could not be established. When we performed continuous finger 

arterial pressure recording, typical swings in blood pressure that accompany Valsalva's 

manoeuvre were seen, which were triggered by an oscillometric blood pressure measurement. 

During these manoeuvres, typical readings of the oscillometric blood pressure measurement 

were 220/120 mmHg, which was not congruous with the continuous blood pressure signal. 

As such, a diagnosis of factitious phaeochromocytoma was made. The patients was referred 

to a psychologist specialised in breathing techniques. 

General recommendations 

Central in this thesis was the use of noninvasive finger blood pressure monitoring in different 

subsets of haemodynamicaly challenged patients. The first part focused on patients with 

silent cardiac ischaemia. What lessons can be learned from these studies? First, we found that 

the prevalence of silent ischaemia as assessed by ambulatory electrocardiography was 
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considerably lower than expected. Although this can partly be explained bv the fact that in a 

large proportion of patients the value of additional ECG changes is not known, it seems that 

the presence of silent cardiac ischaemia in uncomplicated hypertension is not as high as 

previously suggested. Future research could address the uncertain meaning of additional 

ECG changes in ECG's with baseline abnormalities, since it is a problem that is commonly 

encountered in clinical practice. It would be of interest to see whether patients with equivocal 

ST segment changes, as a result from baseline ECG abnormalities, have a worsened 

prognosis compared to patients with baseline abnormalities that exhibit no ST segment 

changes in daily life. Furthermore, a reliable reference method to detect decreased blood 

flow, such as positron emission tomography, will enable us to verify ECG changes 'of 

unknown signficance'. Until these basic problems have been resolved, we recommend 

cautious interpretation of these equivocal ECG changes, necessitating the inclusion of large 

patient numbers in controlled clinical trials. 

In patients with ST depression according to the most stringent criteria, we found that 

ischaemic episodes in daily life were only elicited bv increases in cardiac oxygen demand. This 

reconfirms the general use of blood pressure and heart rate reducing medication from a 

pathophysiological perspective. However, interesting developments in the use of agents that 

might also influence endothelial function, such as ACE inhibitors or statines, may offer new 

perspectives in the treatment of ischaemic heart disease , since increasing (microvascular) 

cardiac oxygen supply will raise the ischaemic threshold. 

The nephrologic studies have tried to increase the understanding of haemodynamic changes 

that occur during dialysis. Patients that depend on renal function replacing therapy, either 

several times daily or weekly, are subjected to considerable haemodynamic fluctuations that 

may partly be responsible for the severely increased rate of cardiovascular endpoints in these 

patient groups. Although peritoneal dialysis is supposed to be accompanied by smaller blood 

pressure changes than haemodialysis, we found important increases in blood pressure during 

peritoneal dialysis, especially during instillation of dialysis fluid. Future studies might focus on 

trying to abolish these haemodynamic perturbations, e.g. by varying dialysate volumes, 

temperature or quality, and see whether smaller fluctuations in haemodynamics is associated 

with an improved prognosis. As to patients that undergo haemodialysis, we investigated 

patients with 'uncomplicated' dialysis, meaning that these patients did not suffer symptomatic 

hypotension. Still, roughly 50 percent of these patients exhibited considerable decreases in 

blood pressure, elicited by a decrease in stroke volume. Whether these patients have a 

worsened prognosis could the subject of future research, but for now it helps us 
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understanding what mechanisms are responsible for 'normal' blood pressure changes in 

haemodialysis. 

Finally, we took a close look on two specific patients that were 'haemodynamically' 

challenged. Although some may consider anecdotal reports at best entertaining, but lowly 

ranked among the various types of evidence, we feel that this type of 'hypothesis generating 

research' can serve as a catalyst to subsequent studies, and certainly will increase our 

understanding of pathophysiologic processes. The accurate description of the phenotype, in 

times that are submerged in reports focusing on yet another new genotype, should keep its 

place in science and encourage investigators to mount new challenges. 
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Samenvatting 

Deze dissertatie besteedt aandacht aan de hemodynamische gevolgen of omstandigheden van 

verscheidene pathologische toestanden die een belasting vormen voor het cardiovasculaire 

stelsel. Deze toestanden zijn: verschillende verschijningsvormen van cardiale ischemie 

(zuurstofgebrek van het hart), bij patiënten met hoge bloeddruk (hypertensie), in het 

bijzonder wanneer dit niet gepaard gaat met klachten (de zogenaamde stille ischemie); 

nierfunctievervangende therapie (hemodialyse en peritoneaal dialyse); hypertrofische 

cardiomyopathie (een aandoening waarbij de hartspier zonder duidelijke oorzaak verdikt, 

waardoor de functie en de bloedvoorziening van het hart kan verminderen) en tenslotte een 

zeldzame oorzaak van nagebootste, aanvalsgewijze hypertensie. 

Hoofdstuk 1 geeft een korte algemene inleiding van deze dissertatie. Aandacht wordt besteed 

aan het gebruik van noninvasieve metingen in het cardiovasculair laboratorium, en de 

pathofysiologie van cardiale ischemie in het algemeen. 

Hoofdstuk 2 is een uitgebreid overzicht van stille cardiale ischemie, met de nadruk op deze 

aandoening in samenhang met hypertensie. Het bestaan van stille cardiale ischemie wordt al 

lange tijd onderkend, en de relevantie van deze aandoening in verschillende patiëntengroepen 

is onderzocht. Toch moet een aantal basale vragen nog worden beantwoord. Om iets te 

begrijpen van de pathofysiologie dient de onderzoeker onderscheid te maken tussen de vraag 

naar zuurstof, en het aanbod van zuurstof in het hart. Het is niet duidelijk waarom bij 

sommige patiënten zuurstofgebrek van het hart gepaard gaat met klachten, terwijl bij andere 

patiënten zuurstofgebrek symptoomloos kan optreden. Een zogenaamde ischemische 

drempel lijkt hier een rol bij te spelen, en er zijn verscheidene factoren die deze drempel 

beïnvloeden. 

Onderzoeken die het vóórkomen van stille ischemie onderzoeken in verschillende 

patiëntengroepen tonen een hoog, maar sterk wisselend percentage. Patiënten met hoge 

bloeddruk maar zonder aangetoonde kransslagaderverkalking lijken vooral een risicovolle 

populatie voor het krijgen van stille ischemie. Aangezien bij deze patiënten afwijkingen in de 

grote kransslagaderen veelal afwezig zijn, moet de oorzaak gezocht worden in de kleinere 

bloedvaten die het hartspierweefsel van bloed voorzien. Verscheidene onderzoeken tonen 

aan dat er inderdaad op dat niveau afwijkingen waarneembaar zijn, zoals een verhoogde 

vaatweerstand in de kleine bloedvaten, en een verminderde capaciteit om de 

bloeddoorstroming te vermeerderen door vaatverwijding. Een probleem bij het onderzoeken 
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van zuurstofgebrek met behulp van een ECG (hartfllmpje) bij patiënten met een verdikte 

hartspier ten gevolge van hypertensie, is dat er veranderingen kunnen optreden in het ECG 

die de interpretatie bemoeilijken. Een mogelijke benadering om dit probleem te omzeilen is 

door strengere criteria op te stellen in de definitie van ischemic De behandeling van stille 

ischemie is vooralsnog gelijk aan de behandeling van angina pectoris, de symptomatische 

evenknie van stille ischemie, maar er moet nog onderzoek volgen dat aantoont of het streven 

naar onderdrukking van alle ischemie, of alleen van de ischemie die gepaard gaat met 

klachten, moet worden nagestreefd. 

In Hoofdstuk 3 werd het vóórkomen (de prevalentie) van stille ischemie bij patiënten met 

hypertensie onderzocht. Er is een grote spreiding in de gerapporteerde prevalentie van stille 

cardiale ischemie in deze patiëntengroep, hetgeen deels verklaard kan worden uit de 

verschillen in patiëntenkarakteristieken tussen de verschillende onderzoeken. De 

meestgebruikte methode om de prevalentie in het dagelijks leven te onderzoeken is het 24-(of 

48-)uurs ECG ('Holter'), omdat deze methode de normale dagelijkse activiteit nauwelijks 

beïnvloedt, en omdat het rekening houdt, gezien de mogelijkheid langdurig te meten, met het 

onvoorspelbare karakter van stille ischemie. De analyse van een holterregistratie geschiedt 

met behulp van software die veranderingen in een bepaald deel van het ECG (het ST 

segment) detecteert en dienaangaande een aanwijzing geeft voor het optreden van ischemie. 

Een belangrijk deel van de analyse is echter afhankelijk van de interpretatie van de 

gedetecteerde episodes door een analist omdat de criteria niet altijd nauwomschreven zijn. 

Wij onderzochten wat de invloed was op de gevonden prevalentie wanneer Holters 

geanalyseerd werden met behulp van strenge criteria, die afgeleid zijn van opgestelde 

richtlijnen, of met behulp van meer basale analyse criteria, zoals die ook in sommige 

publicaties gebruikt worden. Dit werd gedaan in een populatie van 194 patiënten met 

hypertensie. De prevalentie bleek meer dan verdubbeld wanneer de basale criteria werden 

gehanteerd (11.3% versus 5.2%), en de prevalentie bleek aanzienlijk lager dan gerapporteerd 

in de literatuur. Het blijkt dat verschillen in analysecriteria een grote invloed kunnen hebben 

op de uiteindelijk gevonden prevalentie, hetgeen deels de grote spreiding in de 

gerapporteerde prevalentie kan verklaren. 

Hoofdstuk 4 gaat over de pathofysiologie van stille cardiale ischemie. Het is niet bekend wat 

precies de aanleiding is voor het ontstaan van een ischemische episode: komt dit door een 

tijdelijke verhoging van de bloeddruk en/of hartfrequentie, hetgeen impliceert dat het 

veroorzaakt wordt door een verandering aan de zuurstofrra^^zijde, of kan het ook 'spontaan' 
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optreden, zonder dat er enige veranderingen in genoemde parameters aan vooraf gaan? Dit 

laatste zou wijzen op veranderingen in de zuurstoftftf/fZw/zijde, en hiervoor bestaan 

aanwijzingen, omdat enkele onderzoeken vonden dat niet alle ischemische episodes vooraf 

gegaan worden door veranderingen in bloeddruk en hartfrequentie, en omdat disfunctie van 

de kleine bloedvaten is geconstateerd in patiënten met hvpertensie. 

Wij onderzochten dit door patiënten met hvpertensie en coronairlijden, die aangetoond stil 

zuurstofgebrek hadden, 48 uur te onderzoeken met gelijktijdige, continue bloeddruk en ECG 

registratie. Het zuurstofgebrek werd geconstateerd aan de hand van het ECG, en de 

daarbijhorende veranderingen in de hemodvnamiek werden geanalvseerd middels het 

bloeddruksignaal. Gedurende de 48 uur werden verschillende stimuli aangeboden, die zoveel 

mogelijk de dagelijkse hemodynamische belasting nabootsten. Het bleek dat het 

zuurstofgebrek alleen optrad wanneer er een verhoging van de vraag naar zuurstof aanwezig 

was. Verder bleek dat ongeveer de helft van het zuurstofgebrek toch met enige vorm van 

klachten gepaard ging. Nadere analyse werd bemoeilijkt door een scheve verdeling van beta-

blokkerende medicijnen, maar hiermee rekening houdende, konden er geen belangrijke 

verschillen worden aangetoond tussen de patiënten met compleet stille ischemie, en mensen 

met lichte, atypische klachten tijdens ischemie. Verder leken er ook geen belangrijke 

verschillen te bestaan tussen de patiënten met hvpertensie en de patiënten met coronairlijden 

wat betreft de ontstaanswijze van de periodes van zuurstofgebrek. 

In Hoofdstuk 5 tonen we het nut aan van het gebruik van de Cardiopres (simultane 

vingerbloeddruk- en ECG-registratie) in een patiëntencategorie waarin zowel 

bloeddrukinstabiliteit als zuurstofgebrek kan bestaan: hypertrofische cardiomyopathie. Soms 

is het lastig om de klachten van een patiënt met deze aandoening te koppelen aan een 

onderliggend mechanisme. Dit kan de keuze voor een bepaalde medicamenteuze behandeling 

bemoeilijken. In dit hoofdstuk werd middels de Cardiopres de exacte sequentie onderzocht 

van het optreden van zuurstofgebrek van het hart en lage bloeddruk. Het bleek dat het 

zuurstofgebrek een gevolg was van de bloeddrukdaling die optrad tijdens inspanning, en niet 

vice versa. 

Het volgende hoofdstuk, Hoofdstuk 6, besteedde aandacht aan bloeddrukschommelingen 

tijdens peritoneaal dialvse als nierfunctievervangende therapie. Het is bekend dat ook tijdens 

deze vorm van dialyse er bloeddrukschommelingen kunnen optreden, maar de exacte oorzaak 

van de bloeddrukveranderingen is onbekend. Met behulp van continue 

vingerbloeddrukmeting onderzochten wij de slag-op-slag veranderingen tijdens een 
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dialysesessie bij 21 patiënten. De bloeddrukstijging die werd waargenomen trad vooral op 

tijdens het laten inlopen van de vloeistof in de peritoneaalholte, en deze bloeddrukstijiging 

werd vooral veroorzaakt door een toename van de perifere vaatweerstand. Mogelijke 

verklaringen hiervoor zijn een direct mechanisch effect, de invloed van de temperatuur van 

de dialysevloeistof of compensatoire cardiovasculaire reflexen. 

In Hoofdstuk 7 werd onderzocht wat de reden is voor verschillende bloeddrukresponsen 

tijdens ongecompliceerde (dus zonder symptomatische hypotensie) hemodialyse. De 

meningen lopen uiteen over de verklaringen van deze bloeddrukschommelingen: sommigen 

onderzoeken beschrijven dat dit slagvolume gemedieerd is, en anderen zoeken de verklaring 

in veranderingen in de perifere vaatweerstand. Wij onderzochten dit in 17 patiënten tijdens 

een hemodialyse sessie, met behulp van vingerbloeddrukmeting en bloedvolumemeting. Om 

onderscheid te maken tussen de patiënten met een stabiele bloeddruk tijdens hemodialyse en 

de patiënten met een neiging to bloeddrukdaling, verdeelden wij de populatie in twee groepen 

met behulp van de sensitiviteitsindex. Deze index is een afgeleide van de hellingshoek van de 

regressielijn door de punten die systolische bloeddrukverandering verbinden met de 

bloedvolumeverandering. Het werd aangetoond dat de enige factor waarmee onderscheid 

gemaakt kan worden tussen de patiënten met een hoge sensitiviteitsindex (neiging tot lagere 

bloeddruk) en een lage sensitiviteitsindex (stabiele bloeddruk) het slagvolume was. De 

respons in perifere weerstand was niet verschillend in beide groepen. 

In Hoofdstuk 8 ten slotte, wordt een zeldzaam geval van aanvalsgewijze hvpertensie 

beschreven. Een 57-jarige vrouw werd opgenomen met paroxvsmale hoge bloeddrukken die 

gepaard gingen met klachten passend bij een pheochromocytoom. Verscheidene 

onderzoeken gericht op het bewijzen van deze diagnose bleven negatief. Om de korte termijn 

bloeddrukregulatie te onderzoeken werd continue vingerbloeddrukmeting verricht, tijdens 

welke de bloeddruk aan de andere arm op conventionele wijze gemeten werd. Het bleek dat 

deze patiënte tijdens het uitvoeren van een bloeddrukmeting begon te persen (Valsalva 

manoeuvre) waardoor foutieve bloeddrukmetingen werden veroorzaakt. De diagnose 

'nagebootst pheochromocytoom' werd gesteld. Ze werd verwezen naar een psvcholoog. 
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Dankwoord 
Het zou te zot voor woorden zijn de dissertatie die voor u ligt te zien als het resultaat van het 

werk van één persoon. Ik voel me daarom verplicht enkele dankwoorden te richten tot de 

mensen die een bijdrage, zoniet in daden dan wel in gedachten, hebben geleverd. 

Niet wars van tradities zou ik allereerst de commissie, bestaande uit de heren professoren R. 

Krediet, J. Spaan, C. Stehouwer, Th. Thien, K. Wesseling en A. Wilde, willen bedanken voor 

het beoordelen en goedkeuren van het manuscript. Voorwaar geen geringe taak. In het 

bijzonder zou ik Ray Krediet willen bedanken voor zijn constructieve bijdragen aan de 

publikaties. Een ander die vermelding behoeft is Jan Piek die ondanks (of dankzij?) een wat 

stroeve start mijn onderzoek ruimhartig steunde. Snel correctiewerk en doelgerichtheid zijn 

steekwoorden die ik met jou associeer. Je bijdrage was dermate groot dat je niet meer zitting 

kon nemen in de commissie. 

Mijn promotor, prof. dr. M.M. Levi, beste Marcel, ik wil je bedanken voor je promotorschap. 

Je bijdrage is niet tot uiting gekomen in een mede-auteurschap van een van mijn stukken, 

maar je hebt de laatste fase van mijn onderzoek zeker geholpen rimpelloos te laten verlopen. 

Je efficiëntie en voortvarendheid strekken mij tot voorbeeld. 

Twee co-promotores, Gert van Montfrans en Willem Jan Bos, hebben getracht hun kennis en 

kunde aan mij over te dragen. Ik hoop dat jullie het gevoel hebben dat dat gelukt is. Gert, 

jouw optimisme is ongeëvenaard. Een combinatie van jeugdige (over)moed, rijkgeschakeerde 

woordkeuze en hang naar procrastinatie maken jou tot een uniek geheel. Dat het klikte tussen 

ons bleek de basis voor een succesvolle samenwerking. Willem Jan, jouw ideeën kwamen van 

pas op momenten dat mijn werkzaamheden stokten. Het is een mooi deel van mijn 

proefschrift geworden. Dank hiervoor. 

Verschillende collega's hebben de dagelijkse gang van zaken wat enerverender en gezelliger 

gemaakt. Vooral de grillen van de 'bazen' waren immer een dankbaar onderwerp voor onze 

informele gedachtewisselingen, maar een enkele keer spraken we ook over 

onderzoeksinhoudelijke zaken. Etentjes, uitstapjes naar Zeeland of pretparken zijn illustratief 

voor de cohesie die binnen de groep heerste. Speciaal wil ik noemen Mark 'gimme my bottle 

of rum' Harms (waarmee ik niet wil suggereren dat Mark meer dan gemiddeld genoot van een 

borrel, maar veeleer iets wil zeggen over zijn muziekvoorkeur), en Rogier Immink (wanneer 

maak je nu eens die rekening op van Zeeland?). Met jullie heb ik vele maanden de kamer 

gedeeld en dat was geen opgave. Ook Wilbert, Bart, Nancy, Sander, Gideon, Jippe, Janneke 

en Joris wil ik bedanken voor hun samenwerking. 

De samenwerking met TNO bleek cruciaal in het verloop van het onderzoek. De vertraging 

in de oplevering van de cardiopres werd ruimschoots goedgemaakt door de instantane hulp 
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die de medewerkers van TNO immer boden bij (overigens zeer zelden voorkomende) 

technische problemen, een overbruggingskrediet en de aanzet tot sterrendom door mijn 

optreden in jullie voorlichtingsfilm van de portapres. Ik hoop dat ik in het opsporen van 

kinderziektes ook een bijdrage heb kunnen leveren aan de ontwikkeling van de definitieve 

cardiopres. Jeroen, behalve voor je co-auteurschappen wil ik je o.a. bedanken voor je 

bereidwilligheid om zelfs in de weekenden een gecrashte geheugenkaart op te lappen (ik kan 

u verzekeren dat dat geen sinecure is). Olaf, ik heb je vaak van je werk gehouden om mijn 

fragmentarische kennis aangaande enen en nullen uit te breiden, om data uit te laten lezen of 

om softwareproblemen op te lossen. Ik kreeg nooit de indruk dat ik ongelegen kwam. Maar 

ook Jos, Ben, Berend en Ilja, dank voor de samenwerking. 

Verscheidene mensen hebben zich belangeloos ingezet voor mijn onderzoek: de dames van 

de Holter-kamer, Yvonne, Carla en Mathilde; het personeel van de polikliniek Hart en 

Vaatziekten; en het personeel van de hemodialyse-afdeling, allen dank voor jullie hulp. 

De overige leden van de onderzoeksgroep wil ik niet onvermeld laten; Wouter, Han, Richard 

en John, ik ben jullie zeer erkentelijk voor jullie meedenken, luisteren, kennis en kritiek. 

De proefpersonen heb ik reeds in persoon bedankt. 

Martijn en Martijn (in willekeurige volgorde), paranimfen, dank voor het seconderen, maar 

meer nog voor jullie vriendschap en vele momenten van ontspanning gedurende al die jaren. 

Tot slot, Graziella, ik heb je vaak verteld met meer of minder trots wat de impact factor van een 

tijdschrift was waarheen ik een artikel stuurde. Vergeet echter vooral niet dat jij voor mij 

uiteindelijk altijd de hoogste impact factor zal hebben. 
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Stellingen 

1. Wanneer men goed luistert, blijkt stille cardiale ischemie vaak met stil te 
zijn (ditproefschrift). 

2. De prevalentie van stille cardiale ischemie bij hypertensieven, vastgesteld 
met behulp van ambulante electrocardiografie, is te laag om te gebruiken 
als eindpunt bij interventie-onderzoek (ditproefschrift). 

3. Stille cardiale ischemie wordt, net als symptomatische cardiale ischemie, 
uitgelokt door toename van de zuuvstoivraag van het hart (ditproefschrift). 

4. Peritoneaal dialyse gaat, evenals hemodialyse, gepaard met grote 
bloeddrukschommelingen (ditproefschrift). 

5. Het vervangen van misnomers als microalbuminurie en pulsus paradoxus 
door logische termen als oligoalbuminurie respectievelijk pulsus 
exaggeratus zou leiden tot een beter begrip bij de aankomend arts. 

6. Nauwkeurige observatie van de patiënt(e) tijdens een bloeddrukmeting is 
een weinig belastende en potentieel nuttige handeling bij onbegrepen, 
aanvalsgewijze hypertensie (ditproefschrift). 

7. 'De waarheid ligt in het midden' is een typisch Nederlandse uitdrukking, 
die slechts zelden bewaarheid wordt, hetgeen het falen van het 
poldermodel blootlegt. 

8. Een functie aanduiden met de mannelijke vorm indien die ingevuld 
wordt door een vrouw (bijvoorbeeld 'rector' in plaats van 'rectrix') heeft 
niets te maken met emancipatie, en alles met taalverloedering. 

9. Ondanks het feit dat wittejassenhvpertensie strict genomen een iatrogene 
aandoening is, kan de behandelend dokter niet volstaan met het 
achterwege laten van follow-up. 

10. Wil men aan een onderzoeksrichting een zweem van avantgardisme 
meegeven, dan dient men de naam van het gebied te laten eindigen 
op -omics. 

11. Wie goed tegen zijn verlies kan hoeft niet te winnen. 

12. Diegene die gebruik maakt van korte zinnen in wetenschappelijke 
teksten bestemd voor engelstaligen meent de leesbaarheid te vergroten, 
maar doet in feite het omgekeerde. 






