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Background and Aim: Left ventricular hypertrophy (LVH) has been proposed to be associ-
ated with an increased risk of stroke. We compared the prevalence of LVH among patients 
with first-ever ischemic versus first-ever hemorrhagic strokes. Material and methods: 

This observational study, which was conducted at the Sulaimaniya general teaching hospital from 
November 2009 to March 2012, involved 100 consecutive patients with their first-ever stroke. Fifty 
patients had ischemic stroke while the rest (n=50) developed hemorrhagic stroke. The presence 
of LVH was detected using transthoracic echocardiography and a comparison with respect to its 
prevalence between the 2 aforementioned groups was made. Results: The mean age of patients 
in the hemorrhagic group was 61.7 ±SD 11.2 years while in the ischemic group it was 63.9 ±SD 6.1 
years. Out of 100 patients, 66 (66%) patients were males (31 in the hemorrhagic group and 35 in 
the ischemic group) while the rest (n=34; 34%) were females (19 in the hemorrhagic group and 15 
in the ischemic one). Ninety one (91%) patients were hypertensive (47 in the hemorrhagic group 
and 34 in the ischemic group). Fifty three (53%) out of 100 patients demonstrated LVH (31 in the 
hemorrhagic group and 22 in the ischemic group). A head-to-head comparison between the two 
groups with respect to gender demonstrated no statistically significant difference in terms of the 
presence of LVH among patients with hemorrhagic versus ischemic strokes; males (P value <0.26; 
95% CI 3.4-39.3); females (P value <0.43; 95% CI 16.7-43.8). However, a univariate analysis after 
correction for age and gender revealed a statistically significant difference between these groups 
(P-value <0.001; 95% CI 2.7-46.2). Conclusion: LVH was more common in Kurdish patients with 
first-ever hemorrhagic stroke than in those who had sustained their first-ever ischemic stroke. 
Further analytic studies are required to clarify the prevalence of LVH in patients with ischemic 
stroke. Key words: left ventricular hypertrophy; stroke; myocardial mass index
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1. INTRODUCTION
Left ventricular hypertrophy is an 

overall increase in the left ventricular 
myocardial mass as a result of chroni-
cally elevated afterload (e.g., hyperten-
sion and aortic stenosis). It also may 
result from a longstanding elevation in 
the diastolic filling, as in chronic aortic 
and mitral regurgitation. Coronary ar-
tery disease has been found to result in 

LVH; the myocardium pumps more in 
an attempt to compensate for the isch-
emic/infarcted area(s). Genetic factors 
also may play a role. Myocardial fibro-
sis is the key component in the devel-
opment of LVH; this initially results in 
diastolic dysfunction and finally sys-
tolic failure may ensue. A chronically 
stimulated and active renin-angioten-
sin-aldosterone system has been linked 

pathophysiologically to this fibrotic 
process. More specifically, angioten-
sin II exerts a profibrotic effect on the 
heart of hypertensive patients and this 
explains why angiotensin-converting 
enzyme inhibitors or angiotensin re-
ceptor blockers are potent agent against 
LVH.[1-7]

2. MATeRIALS AND 
MeTHODS

This observational study was con-
ducted at the department of neurology 
of Sulaimaniya general teaching hospi-
tal, Iraq, from November 2009 to March 
2012. One hundred patients who had 
developed their first-ever stroke were 
enrolled. Patients have been divided 
into 2 groups; 50 in the ischemic group 
and 50 in the hemorrhagic one.

To be eligible for enrollment in the 
study, patients must have developed 
their first ever stroke (defined clini-
cally as neurological deficit or deficits 
that had persisted for more than 24 
hours). The presence of a past history 
of stroke (hemorrhagic or ischemic, 
including transient ischemic attacks; 
clinically or imaging wise); valvular 
heart disease (stenotic or regurgitant); 
congenital heart disease (corrected or 
not); prior coronary intervention; and 
congestive heart failure were excluded 
patients from the study. All patients 
were Kurdish (an ethnic minority in 
the northern Iraqi area) and residents 
of Sulaimaniya city.
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All patients (n=100) were examined 
by a single neurologist and neurology 
trainees and they underwent routine 
blood testing, 12-lead resting ECG, 
transthoracic echocardiography, and 
CT brain scanning within 48 hours of 
their hospital admission.

Echocardiographic testing was done 
using a Philips machine, Envisor-HD 
operating on software of Philips ver-
sion C.1.3, 2007 and a probe of S4-2. 
This testing was performed by a single 
operator. The septal thickness (at end-
diastole), left ventricular posterior free 
wall (at end-diastole), and end-diastolic 
interior diameter of the left ventricle 
were measured on the M-mode. Using 
these measurements, together with the 
patients’ weight and height, we calcu-
lated the left ventricular mass index 
(LVMI) through ordinary electronic 
calculators, using this equation:

L V M I  ( g / m 2 ) = ( 1 . 0 4 
[(IVST+LVID+PWT)3−LVID3]−14 g)/
Body surface area.

The presence of LVH was defined 
if the LVMI (expressed as g/m2) was 
greater than 134 g/m2 in men and more 
than 110 g/m2 in women. A comparison 
of this LVMI between the ischemic and 
hemorrhagic group was done.

The collected data was organized, 
tabulated, and statistically analyzed 
using Statistical Package for Social Sci-
ences (SPSS) version 17 by an indepen-
dent statistician. Values were expressed 
as mean ± SD (standard deviation). A 
comparison of continuous variables was 
performed by an unpaired two-tailed 
Student’s t-test, whilst chi-square tests 
were used for categorical variables. Sig-
nificance levels were set at P-value of 
less than 0.05 in all cases.

3. ReSULTS
Table 1 compares the associations 

among the various patients’ vascu-
lar risk factors while tables 2-4 dem-
onstrate the distribution of LVH and 
LVMI among our patients and their sta-
tistical comparison.

The mean age of the patients in the 
hemorrhagic group was 61.7 ±SD 11.2 
years while in the ischemic group it was 
63.9 ±SD 6.1 years. Overall and out of 
our 100 patients, 66 patients were males 
(31 in the hemorrhagic group and 35 in 
the ischemic group) while the rest (34) 

were females (19 in the hemorrhagic 
and 15 in the ischemic group). Ninety 
one patients were hypertensive (47 in 
the hemorrhagic group and 34 in the 
ischemic group).

Fifty three (53%) out of 100 pa-
tients demonstrated an increased 
LVMI and LVH (31 in the hemor-
rhagic group and 22 in the ischemic 
group). A head-to-head comparison 
between the two groups with respect 
to gender demonstrated no statisti-
cally significant difference in terms 
of the presence of LVH among pa-
tients with hemorrhagic ver-
sus ischemic strokes; males (P 
value <0.26; 95%CI 3.4-39.3); 
females (P value <0.43; 95% CI 
16.7-43.8). However, a univar-
iate analysis after correction 
for age and gender revealed a 
statistically significant differ-
ence between these groups (P-
value <0.001; 95% CI 2.7-46.2). 
Among all risk factors for 
stroke development in both 
groups, a history of ischemic heart dis-
ease was more common in the ischemic 
group (P value < 0.003)

4. DISCUSSION
Left ventricular hypertrophy (LVH) 

reflects an overall increment in the 
mass of the left ventricle. This is a com-
pensatory mechanism adopted by the 
myocardium in response to various 
stresses on the heart. A rise in the af-
terload (e.g., longstanding systemic hy-
pertension or aortic stenosis) is by far 
the commonest cause. An increase in 
the volume (diastolic) load on the left 

ventricle (as in chronic aortic and mi-
tral refluxes) and coronary artery dis-
ease may also incur a stress on the myo-
cardium to increase its volume. More 
than one factor may be operative and 

altogether they can augment this vol-
ume increment.[1-3]

Genetic factors play a role, in addi-
tion, in the pathogenesis of LVH. For in-
stance, certain mutations in the myo-
cardial sarcomeric proteins result in 
various types of hypertrophic cardio-
myopathy.[4] Furthermore, Liebson and 
coworkers found that some people with 
mild hypertension develop LVH while 
others don’t and he suggested that cer-

Character Chi square P value
Gender 0.41 0.52*
Hypertension 1.1 0.56*
Diabetes mellitus 0.01 1.03*
Atrial Fibrillation 0.09 0.76*
Smoking 0.21 0.65*
Family history of stroke 0.09 0.17*
Alcohol ingestion 1.1 0.32*
Ischemic heart disease 5.2 0.003

Table 1. Association of different stroke variables of 
100 patients enrolled in the study; the comparison 
was made between the ischemic stroke group (n=50) 
and the hemorrhagic one (n=50). * Not statistically 
significant

Character Number
percentage per 
gender of the 
pertinent group

Males*
Hemorrhagic 20 64%
Ischemic 15 42%

Females** Hemorrhagic 11 52%
Ischemic 7 46%

Table 2. The distribution of LVH among patients with 
hemorrhagic (n=50) versus ischemic (n=50) stroke. *LVMI 
>134 g/m2 in men defines LVH. **LVMI> 110 g/m2 in women 
defines LVH.

Character Mean
Standard 
Deviation

Mean 
difference

p value 

95% Confidence 
interval

Lower upper

LVMI, Males
Hemorrhagic 183.7 51.1

16 0.26* -3.4 39.3
Ischemic 174.2 39.2

LVMI, 
Females

Hemorrhagic 191.6 47.8
17.7 0.43* -16.7 43.8

Ischemic 169.3 53.4

Table 3. Mean LVMI in the hemorrhagic stroke group (n=50) and the ischemic stroke one (n=50) with 
respect to gender. * Not significant.

Character Mean
Standard 
Deviation

Mean 
difference

p value 

95% Confidence 
interval

Lower upper

LVMI
Hemorrhagic 187.6 48.3

16.4 0.001* -2.7 46.2
Ischemic 171.7 45.2

Table 4. A comparison of the mean LVMI of the hemorrhagic stroke group (n=50) with the ischemic 
stroke one (n=50).
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tain genes might have played a role in 
this process.[5]

Myocardial fibrosis is the key com-
ponent in the development of LVH; this 
initially results in diastolic dysfunction 
and finally systolic failure may ensue. 
A chronically stimulated and active 
renin-angiotensin-aldosterone system 
has been linked pathophysiologically 
to this fibrotic process. More specifi-
cally, angiotensin II exerts a profibrotic 
effect on the heart of hypertensive pa-
tients and this explains why angioten-
sin converting enzyme inhibitors or an-
giotensin receptor blockers are potent 
agents agent against LVH.[4,6,7]

Several investigators have found 
that LVH is a risk factor for cardiovas-
cular events and it portends 7-fold in-
crement in this risk among the general 
population and especially hypertensive 
ones.[8,9] On the other hand, Bikkina 
et al[10] and Aronow et al[11] reported 
an association between LVH and stroke 
but the link has been questioned by re-
searchers.[12] However, Bahemuka[13] 
found that the weight of the heart was 
generally grater in patients with hyper-
tensive intracerebral hemorrhage (ICH) 
than in patients who had not sustained 
ICH. Okin and colleagues[14] con-
cluded that the diameter of the carotid 
artery correlates well with the mass of 
the left ventricle.

In our study, in terms of prevalence 
of LVH and increased LVMI, there 
was no statistically significant differ-
ence among patients with first-ever 
ischemic versus hemorrhagic stroke, 
when both genders are compared head-
head, although LVH was found more 
commonly in hemorrhagic stroke pa-
tients (31 patients) than in patients 
with ischemic stroke (22 patients). This 
might be explained by the fact long-
term hypertension is a risk factor for 
stroke, whether ischemic or hemor-
rhagic,[15,16] and that LVH is an ex-
pected aftermath of this chronically el-
evated systemic blood pressure.[17, 18] 
However, a direct comparison between 
the two stroke groups, adjusted for age 
and gender, revealed that an elevated 
LVMI was more common in hemor-
rhagic stroke patients than in patients 
with ischemic stroke and that this ob-
servation is statistically significant. 
Whether this “statistical” outcome is 

“clinically significant or not, it has to 
be confirmed or refuted by further an-
alytic studies.

The mechanisms and links between 
LVH and stroke are diverse and many 
are still controversial. With respect to 
ischemic stroke: it predisposes to atrial 
fibrillation; [19] predicts the presence of 
carotid atherosclerosis (and it correlates 
well with carotid intimal thickness);[20] 
it could represent a time-integrated 
indicator of exposure to other vascu-
lar risk such as hypertension or mor-
bid obesity;[21] an association with as-
ymptomatic cerebrovascular ischemic 
lesions;[22] and through an association 
with dyslipidemia.[23]

As for the hemorrhagic stroke, it 
has been suggested that the presence 
of LVH is a mere marker of chronic hy-
pertension and wide-spread end-organ 
damage, including intracerebral Char-
cot-Bouchard microaneurysm forma-
tion and rupture.[16,24,25]

According to Di Tullio and col-
leagues,[26] LVH appeared to be inde-
pendently associated with stroke, re-
gardless of the age, sex, and ethnicity of 
the target population, and this is con-
sistent with our observations. However, 
the increased prevalence among our 
Kurdish hemorrhagic stroke patients 
needs further analysis.

5. CONCLUSION
LVH has been found to be more 

common in our Kurdish patients with 
first-ever hemorrhagic stroke than in 
those who sustained their first-ever 
ischemic stroke, after adjusting for age 
and gender. However, the link between 
this observation and the development 
of stroke itself needs to be clarified by 
further analytic studies.

Limitations of the study
* This is a single institutional study 

that does not reflect the practice of 
stroke in the whole of Iraq.

* The target population was com-
posed of patients of Kurdish ethnicity 
only, who might well have different ge-
netic/ cardiovascular risk factors from 
Arab patients (the latter constitute the 
majority of the Iraqi population and 
were not involved in the study).

* The number of patients was rela-
tively small.

4. There was no healthy control 
group to compare the results with. In 
addition, no prior local studies were 
published addressing the same target.

Taking into consideration the afore-
mentioned factors, our findings might 
have been different if other institutions 
and ethnicities were enrolled and if the 
number of patients was larger.
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