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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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