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Background: Patients diagnosed with hypertension and left ventricular hypertrophy could present with
electrocardiographic changes including criteria of left ventricular hypertrophy, and left ventricular strain
pattern (fixed ST depression and T inversion in leads I, avL, V5&6). Therefore, current study was carried out
to study the effect of electrocardiographic left ventricular strain pattern in hypertensive patient as predictor
for coronary artery disease and cerebrovascular accident development.

Objectives: this study was done to identify the impact of ECG ILV strain pattern among hypertensive patient
as predictor for (CAD) and cerebrovascular accident (CVA) development

Materials and methods: A cross-sectional hospital based study was done during 2012-2017 at the Iraqi
Center for Heart Diseases including hypertensive patients with normal ECG or LV strain pattern criteria. All
patients underwent echocardiography and coronary angiography and the data were collected from patients’
files.

Results: The records of 401 hypertensive patients [262(65.3%) males and 139(34.7%) females] were included
in this study. Their mean age was 60.07+10.8 year. The relation between electrocardiographic left ventricular
strain pattern and coronary angiography among patients was significant (P <0.001). There was significant
relation among electrocardiographic left ventricular strain pattern and cerebrovascular accident among studied
group (P<0.001).

Conclusion: Electrocardiographic left ventricular strain in hypertensive patients is highly associated with
coronary artery disease and cerebrovascular accident.

Keywords: Hypertension, coronary artery disease, cerebrovascular accident, electrocardiography, left
ventricular strain.

Introduction:

Hypertension (HT) [systolic blood pressure (SBP) >
140mmHg or diastolic blood pressure (DBP) =
90mmHg] is a public health concern and a risk factor
for cardiovascular disease (CVD). It was founded to be
among 69% of patients with 1st myocardial infarction,
77% of patients with 1st stroke, 74% of patients with
congestive heart failure (CHF), and 60% of patients
with peripheral arterial disease. (1-3) Leftventricular
(LV) strain pattern with
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Electrocardiographic (ECG) changes (ST segment
depression; and T-wave inversion) is associated with
coronary heart disease and with CVD (HT, diabetes
DM). (4- 7)

Left ventricular hypertrophy (LVH) is a risk factor for
cardiovascular mortality. ECG is an insensitive
instrument to detect ventricular hypertrophy, among
20% of «cases that has been detected by
echocardiography (Echo); and detect 50% of increased
left ventricular mass (LVM). It was reported that
patients with HT may have LVH and as a results, it is
related to high cardiovascular mortality.(4) Standard
echocardiography is widely available and remains the
most widely used tool for the evaluation of left
ventricular structure and function in hypertensive
patients (5).
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The classic left ventricular (LV) strain pattern of ST
segment depression and T-wave inversion on the left
precordial leads of the standard resting ECG is a well-
known marker of the presence of anatomic LVH.(6)
Stroke is a neurological disease and considered as a
major risk for disability in the global. Its ischemic type
formed most of cases (85%), while hemorrhagic one
accounts about 15%. (8)

Coronary heart disease (CHD) is characterized by
insufficient blood supply to the heart through coronary
arteries. Smoking (9), obesity (10), diabetes mellitus,
hypertension, high cholesterol levels, family history of
CHD, and the lack of exercise increase the risk for CHD
(9, 12).

Materials and Methods:

A cross-sectional hospital based study was done in the
Iragi Center for Heart Diseases Hospital. Data were
collected from patients’ files. All patients, who were
admitted to the Iragi Center for Heart Diseases during
the period from January 2012 till January 2017, were
included in the study.

Inclusion criteria: patients with history of hypertension
and had LVH that was confirmed by Echocardiography
were included in the study. Exclusion criteria: patient
who were excluded from the study were those with
other causes of LVH by Echo study like aortic stenosis,
HOCM ....etc. and patients with ECG changes that
interfere with diagnosis of LV strain pattern. The
demographic and clinical details were collected from
patients’ files of studied group, which included age, sex,
duration of hypertension and treatment. The presence of
coronary artery disease (CAD) was determined from the
result of coronary angiography while cerebral vascular
accident (CVA) was determined from the history of the
patient then, use a carotid doppler to confirm thickness
of intima as predictor of CVA in hypertensive patients.
ECG records were either normal or showing LV strain
pattern. Statistical analysis of data was done by SPSS
package version 22. The frequency, distribution, and
mean were obtained to describe sex and age of the
patients. The ECG changes, coronary heart diseases and
cerebral vascular accident, were compared using Chi-
squared test. The significance of the results was taken
at level 0.05. Ethical consideration: an official consent
was taken from the directorate of Baghdad Medical City
and Iragi Center for Heart Diseases Hospital. A verbal
patient consent was taken. The patients were informed
that the data will be kept confidential and will not be
exposed except for the study purpose.

Results:

A total of 401 hypertensive patients, 262(65.3%) males
and 139(34.7%) females with LVVH; confirmed by Echo
study, were enrolled in this study. Their ages ranged
between 40 and 94 years. Mean age of patients was
60.07+10.83 years.

ECG changes among studied group were as follows,
301(75%) patients presented with abnormal ECG and
100 (25%) patients were with normal ECG (Table 1).

Table 1: ECG findings among patients

Abnormal ECG (LV strain pattern) 301 75.1
Normal ECG 100 24.9
Total 401 100.0

Coronary angiography was done for all patients and the
results showed that there were 207(51.6%) patients with
(CAD), while 194(48.4%) patients were normal (Table
2).

Table 2: Coronary angiography findings of studied

group
Coronary Angiography No. %
CAD 207 51.6
Normal coronary angiography 194 48.4
Total 401 100

Regarding the presence of history of CVA among the
studied group, there were 280(69.83%) patients who
had history of CVA, while 121(30.17%) patients were
without history of CVA. Table 3.

Table 3: Distribution of patients according to history
of CVA

CVA No. %
Yes 280 69.8
No 121 30.2
Total 401 100.0

Out of all patients with abnormal ECG changes, there
were 205(51.1%) patients with coronary artery disease
(CAD). There was a significant association between
abnormal ECG (LV strain pattern) and CAD (P
<0.001), table 4.

Table 4: Distribution of patients according to the
ECG changes and coronary angiographic findings
among studied group

Coronary
Angiograph

ECG findings Sl LAl - Significance
CAD Normal

Abnormal ECG (LV No. 205 %

strain pattern

pattern) % 5L1% 239%  p<pool
Normal ECG No. 2 %
orma % 05%  24.4%

According to patients’ history of CVA, there were
279(69.6%) patients with LV strain pattern and CVA.
There was a significant association between ECG
changes of LV strain pattern and patients with history
of CVA (P <0.001), table 5.
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Table 5: Distribution of patients according to ECG
changes and CVA

Cerebral Vascular

Accident I
ECG with without Significance

CVA CVA
LV strain No. 279 22
pattern % 69.6% 5.5%

No. 1 99 P <0.001

Normal ECG % 0.2% 24.7%

The final global analysis of association according to
ECG findings (LV strain pattern in ECG) and other
variables (CAD, CVA, both, or none) was presented in
Table (6) .The statistical analysis showed that, the total
patients with ECG changes of LV strain pattern were
301 from which 74(24.5%) patients had a history of
CVA, 205(68.1%) had both CAD and CVA, 22(7.3%)
patients of them had neither CAD nor CVA while no
patient had CAD (Table 6). Patients with normal ECG
were 100 patients, 2(2%) of them had CAD, one patient
had CVA, none of them had both CVA and CAD, while
97(97%) patients of them had neither CAD nor CVA.
Statistical analysis showed significant association
between LV strain pattern and development of CAD
and CVA (P <0.001; Table 6).

Table 6: Distribution of studied group according to the ECG findings and others variables:

ECG findings CAD CVA Both CVAand CAD  None Total P
. No. 74 2 22 1
LV strain pattern 0 0 05 3 <0.001
% 0% 24.5% 68.1% 7.3% 100%
Normal No. 2 1 0 97 100
% 2% 1% 0% 97|% 100%
Discussion:

The findings of the current study showed a significant
association between LV strain pattern in hypertensive
patients and CAD. This finding was consistent with a
study done in United States (12) which concluded that
the LVH and its criteria, like high voltage criteria and
LV strain pattern, are highly associated with, and
considered a predictive factor for, CAD. Another
study,, ALLHAT Study (13) ,, that was consistent with
our results concluded that LVH is related to high risk
CV mortality in patients with HT independent of
treatment. Some studies stated that LVH detected by
ECG-LVH and echocardiography (echo-LVH) are
related with high risk of CVD(14). Both ECG-LVH and
ECHO-LVH have been reported to be predictors for
CVD. Identifying LVH by ECG didn’t depend on
ECHO, indicating that ECG-LVH is an important
electrophysiological markers for cardiac changes
independent of LV anatomy (14). What is noticeable in
current study was the percentage of patients with
positive findings for CAD, among those with positive
ECG LV strain pattern, was high and higher than the
prevalence in other studies (13, 14). This might be due
to that all patients were admitted to a tertiary center so
they are basically referred for coronary angiography
and all of them were hypertensive and proved by ECHO
study to had LVH both of which are predictors for
CAD. In addition to that, they had ECG LV strain
pattern, which is documented by many studies (12-14)
to be associated with CAD development. There was a
significant association between ECG LV strain pattern
and CVA among our patients (P <0.001). This result
was consistent with a study done in United States which

concluded that ECG LVH and ECHO LVH were
predictors for CVA (15). This results was consistent
with a study done in Japan (15) and concluded that both
Cornell Product -LVH and Sokow-LVH are risk factors
for stroke in the Japanese general population. But what
we noticed in our study was that the percentage of
patients with history of CVA was high; this might be
due to that patients were already referred to a tertiary
center for coronary angiography and they already had
hypertension, so they had multi-risk factors for
cardiovascular events.

Conclusion:

ECG LV strain pattern is highly associated with CAD
and CVA development among patients diagnosed with
hypertension and LVH.
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