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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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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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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. 
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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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