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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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Silent ischaemia: pathophysiology 

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 
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180 

ISO 

120 

90 -

60 
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100 -
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-200 -

-300 
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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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Silent ischaemia: pathophysiology 

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. 
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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 

1 mm ST dcp max ST dep 
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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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