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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. 

108 



SUMMARY 

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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