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INTRODUCTION
Despite tremendous progress in the understanding
and management of hypertension, control of
elevated blood pressure (BP) in the general
hypertensive population remains unsatisfactory,
with only an approximate one third of patients
achieving the recommended BP goals. 1
Consequently, cardiovascular risk as a result of
target organ damage, notably in the heart, kidneys
and brain remain high among majority of
hypertensive patients, whether treated or not.1, 2
The prevalence of hypertension continues to rise in
both developed and developing societies and is
currently among the leading cause of morbidity and
mortality in the world.3 Hypertension remain the
most common non-communicable disease in our
community.4
Left ventricular hypertrophy (LVH) is an important
preclinical manifestation of cardiovascular disease
and predicts future cardiovascular events in
hypertensive patients.5 The adverse prognostic
impact of altered left ventricular (LV) geometry in
hypertensive patients have been documented by a
number of studies.6,7 Concentric LVH was reported
to have the highest risk of mortality, followed by
eccentric LVH and concentric remodeling in that
order.6 However, Krumholz et al., revealed that the
association between cardiac geometry and
prognosis is largely attenuated by adjustment for
baseline differences in LV mass index. 8
A population based study involving hypertensive
patients revealed an independent association
between hypertrophic LV remodeling and impaired
systolic and diastolic function. 9 Similarly,

Background: With the increasing prevalence of hypertension, an
increase in burden of diseases due to hypertensive changes in left
ventricular (LV) geometry is eminent. Assessment of LV
geometric pattern identifies hypertensive patients with increased
risk of cardiovascular mortality and morbidity.
Methods: This was a cross-sectional study in which LV geometric
patterns were evaluated in treatment naïve adult hypertensive
patients. Blood pressure (BP) and anthropometric parameters
were determined using standard protocols. Echocardiographic
LV indices were obtained using American Society of
Echocardiography (ASE) guidelines. Spot urine sample was
collected for determination of urine albumin-creatinine ratio
(ACR). Data was analyzed using SPSS Version 16 for windows
and a p value of =0.05 considered significant.
Results: One hundred and thirty six patients (made of 66 males
and 70 females) with a mean of 44.82 (10.51) years were studied.
Abnormal LV geometry was observed in 80.88%. Concentric
remodeling was seen in 44.12%. Concentric left ventricular
hypertrophy (LVH) was present in 24.26% while 12.50% had
eccentric LVH, giving an overall prevalence of 36.77% for LVH.
LVH is commoner among the obese and those with stage II
hypertension. Ejection fraction (EF) and fractional shortening
(FS) were significantly lower in eccentric hypertrophy but did not
differ in other geometric patterns. Systolic blood pressure, pulse
rate and ACR independently predicts LVH.
Conclusions: There is a high prevalence of abnormal LV
geometry and LVH in newly presenting untreated hypertensive
patients. Eccentric hypertrophy is associated with lower systolic
function compared to other geometric patterns.
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Concentric remodeling with normal LV mass has been associated
with worse prognosis compared with normal LV geometry.10
We sought to establish the prevalence of the different LV
geometric patterns and LVH in patients presenting with newly
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diagnosed hypertension at the
University of Maiduguri Teaching
Hospital (UMTH).
Materials and Methods
One hundred and eighty six newly
diagnosed, treatment naïve adult
hypertensive patients were
consecutively referred to the
cardiology clinic of the UMTH
between June 2007 and February
2008. The following were excluded
from the study: chronic kidney
disease, congestive heart failure,
valvular heart disease, diabetes
mellitus/elevated blood glucose,
proteinuria on dipstick urinalysis,
p o o r i m a g e q u a l i t y, a t h l e t i c
background and refusal of consent.
An informed consent was obtained
from each of the participating patients
and approval granted by the Research
and Ethics committee of the UMTH.
The Helsinki declaration was adhered
to.
Complete medical history was
obtained and physical examination
carried out. Blood pressure was
measured using a mercury
sphygmomanometer in sitting
position following standard
guidelines. 11,12 Hypertension was
defined as an average BP of =140
mmHg systolic and /or =90 mmHg
diastolic, and classified according to
the JNC VII guideline.11 Weight (in
kilograms) was measured with the
patients light-clothed and height
determined (in metres) without shoes
or head gear. Body mass index (BMI)
was calculated as BMI=weight
(kg)/height2 (m2) and body surface
area (BSA) determined using the
formula of Dubois and Dubois. Body
mass index was classified in
accordance with the international
diabetes federation (IDF) guideline.13
Routine investigations including
serum electrolytes, urea, creatinine,
fasting blood sugar, haematocrit,
serum cholesterol and resting ECG
were carried out. Urine albumin and
creatinine concentrations were
determined from a single spot-urine
sample and albumin-creatinine ratio
(ACR) computed.

Echocardiographic examination was
carried out on all patients that satisfied
the inclusion criteria using a scanner
250 (PIE Medical, Japan). A 2-D
guided M-mode echocardiographic
LV measurements were carried out at
the tips of the mitral valve leaf-lets.
Thicknesses of the interventricular
septum and the left ventricular
posterior wall (PWT) were measured
in diastole and systole using the
leading-edge to leading-edge
convention. Left ventricular internal
dimension in diastole (LVIDD) and
left ventricular end-systolic diameter
(LVESD) were measured using
similar convention at the tips of the
mitral valve leaflets. Left ventricular
mass (LVM) was obtained using the
American Society of
Echocardiography (ASE) formula
whilst left ventricular mass index
(LVMI) was determined by dividing
LVM by body surface area (BSA).14
Relative wall thickness (RWT) was
determined as RWT = 2xPWT /
LVIDD.
Left ventricular hypertrophy was
defined according to ASE guideline as
LVMI of >115g/m2 in males and
>95g/m2 in females. Concentric LVH
was defined as LVH with RWT >0.42
while eccentric LVH was defined as
LVH with RWT<=0.42. Normal
LVMI with RWT of >0.42 considered
as concentric remodeling, while
normal geometry was defined as
normal LVMI with RWT <=0.4.14
The data was analyzed using SPSS
version 16 for windows (SPSS, Ill,
Chicago, USA). Students't-test was
used in comparing mean values of the
different geometric patterns and
results expressed as mean ± standard
deviation (SD). P value of =0.05 was
considered significant.
Results
We studied 136 newly diagnosed
hypertensive patients comprising 66
(48.53%) males and 70(51.47%)
females with a mean age of
44.82±10.51 years. Clinical and
laboratory profile of the patients
stratified according to left ventricular
geometric pattern is illustrated in table
1.
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Patients with concentric left
ventricular remodeling were
significantly older than those with
other geometric pattern. Mean BMI
was 25.67±4.66 kg/m2 and did not
differ significantly in males and
females. However, those with
concentric remodeling had a higher
BMI compared to other geometric
patterns (p<0.05). Overweight was
observed in 35.29% of the patients
while 17.65% were obese.
Systolic blood pressure (SBP) was
significantly higher in those with
abnormal geometric pattern
(p<0.005), but only those with
concentric remodeling had higher
diastolic blood pressure (DBP)
(p<0.05). Blood pressure did not
differ significantly in males and
females. Stage II hypertension was
observed in 55.15% while stage I
hypertension was seen in 43.38% of
all patients. Isolated systolic
hypertension was observed in 6.62%
while isolated diastolic hypertension
was seen in 3.68%. Combined systolic
and diastolic hypertension was
recorded in 89.70%.
Abnormal LV geometry was observed
in 80.88% with concentric LV
remodeling being the most prevalent
(44.12%). Concentric LVH was
present in 24.26% while 12.50% had
eccentric LVH, giving an overall
prevalence of 36.77% for LVH.
Interventricular septum and left
ventricular wall thicknesses as well as
LVM and LVMI were significantly
higher in those with abnormal
geometry. Relative wall thickness was
also higher in concentric remodeling
and concentric hypertrophy but not in
eccentric hypertrophy. Ejection
fraction and fractional shortening (FS)
were significantly lower in eccentric
hypertrophy compared to other
g e o m e t r i c p a t t e r n s .
Echocardiographic profile of the
different geometric patterns is
illustrated in table 2. Overall, LVH
was more prevalent in females
(42.86%) compared to males
(30.30%) (figure 1).
The prevalence of LVH was higher in
patients with obesity (85.71%)
21
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Table 1: Clinical and laboratory characteristics stratified by left ventricular
geometric patterns
Left ventricular geometric patterns
Normal
N(%)

Concentric

Concentric Eccentric

geometry

remodeling

hypertrophy

hypertrophy

26(19.12)

60(44.12)

33(24.26)

17(12.50)

M/F

11/15

35/25

12/21

8/9

Age(Years)

41.31±11.99

44.61±8.58

48.03±10.15*

44.24±13.74

BMI (Kg/m2) 24.54±5.48

25.35±4.07

27.99±4.45*

23.90±4.42

WC(cm)

84.52±11.32

88.42±10.11

92.62±11.03*

81.88±11.70

BSA(m2)

1.78±0.18

1.81±0.22

1.74±0.38

1.68±0.22

SBP(mmHg) 148.08±15.13

161.02±15.38*

173.58±20.35†

159.18±18.00*

DBP(mmHg) 94.69±6.69

99.02±8.70*

99.58±12.38

97.06±12.87

PR(bpm)

82.81±15.57

82.02±10.29

86.88±14.59

89.59±14.63

PP(mmHg)

53.38±14.81

62.03±13.99*

73.39±16.04†

62.12±22.53

119.15±9.97†

123.72±13.09†

117.76±10.27

MAP(mmHg) 112.5±7.58
ACR(mg/g)

40.19±11.12

28.90±2.69

62.70±8.99

80.27±16.36*

TC(mmol/L)

4.79±0.93

4.56±0.92

4.71±1.09

4.28±1.09

LDL(mmol/L) 3.29±0.78

2.97±0.95

3.06±1.26

2.78±1.03

HDL(mmol/L) 0.91±0.37

1.11±0.28*

1.12±0.26*

0.95±0.28

TG(mmol/L) 1.62±0.63

1.42±0.46

1.51±0.62

1.33±0.43

FBS(mmol/L 4.59±0.88

4.77±0.83

4.51±0.85

4.10±0.92

N=Number; M/F=Male/Female; BMI=body mass index; WC=waist circumference;
BSA=body surface area; SBP=systolic blood pressure; DBP=diastolic blood pressure;
PR=pulse rate; PP=pulse pressure; MAP=mean arterial pressure; ACR=albumincraetinine ratio; TC=total cholesterol; LDL=low density lipoprotein cholesterol;
HDL=high density lipoprotein cholesterol; TG=triglyceride; FBS=fasting blood sugar;
*mean (± standard error of mean); *P<0.05, †P<0.001 versus normal geometry
Table 2: Echocardiographic profiles characterized by left ventricular geometric patterns
Left ventricular geometric patterns
Normal
Concentric
Concentric
Eccentric
geometry
remodeling
hypertrophy
hypertrophy
N(%)
26(19.12)
60(44.12)
33(24.26)
17(12.50)
M/F
11/15
35/25
12/21
8/9
Age(Years)
41.31±11.99
44.61±8.58
48.03±10.15
44.24±13.74
LVIDD(mm) 42.77±5.79
39.32±4.56†
44.94±5.45
52.53±5.42†
LVESD(mm) 34.23±5.27
29.51±5.37†
33.39±5.01
42.29±5.94†
IVSTD(mm) 10.42±2.97
11.98±1.79*
13.91±2.14†
11.76±1.60
PWTD(mm) 7.35±1.50
11.19±1.94†
13.48±1.81†
10.12±1.54†
Ao(mm)
30.92±5.47
29.61±5.28
30.94±4.92
29.00±5.79
LA(mm)
34.12±4.51
34.10±4.84
33.15±4.64
34.88±6.04
LVM(g)
123.42±42.29
157.83±41.14†
243.64±59.80† 26.12±55.58†
LVMI(g/m2) 68.75±21.25
86.32±17.00†
133.56±27.19† 33.06±24.97†
RWT
0.34±0.06
0.62±0.23†
0.62±0.12†
0.38±0.40
EF(%)
61.08±8.42
59.46±7.12
60.79±7.23
56.06±5.17*
FS(%)
28.13±5.75
26.51±4.60
26.67±4.67
24.00±2.60*
N=Number; M/F=Male/Female; IVSTD=interventricular septal thickness in diastole;
PWTD=posterior wall thickness in diastole; LVIDD=left ventricular internal diameter in
diastole; LVESD=left ventricular end-systolic diameter; Ao=Aorta; LA=left atrium;
LVM=left ventricular mass; LVMI=left ventricular mass index; RWT=relative wall
thickness; FS=fractional shortening; EF=ejection fraction; *P<0.05, †P<0.001 versus
normal geometry
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compared to those with overweight
(43.75%), and in patients with stage II
(48%) than stage I (23.21%)
hypertension. Multiple linear
regression analysis revealed SBP,
pulse rate (PR) and ACR to be
significant independent predictors of
increased LVM and LVMI (table 3).
Discussions
One of the early target organ damage
observed in hypertensive patients is
alteration in LV geometry and LVH.
We report a prevalence of 80.88% for
abnormal LV geometry in untreated
hypertensive patients at UMTH. This
is similar to what was reported in
newly presenting hypertensive
patients in other parts of Nigeria.15,16,17,18
The prevalence of the different
geometric patterns observed differs
from that reported by Adebiyi et al., in
Ibadan.17 This variation could partly be
explained by the fact that our patients
are much younger, and whereas we
used the ASE chamber quantification
guideline of 2005, they defined
abnormal geometry using the
Framingham study template of
1987.14,19 In addition, SBP, PR and
mean arterial pressure (MAP)
observed to be independent predictors
of LVH in this study were higher than
that reported in the Ibadan study.
Several studies have documented LVH
as a harbinger of mortality and
morbidity in hypertensive
patients.20,21,22 The prognostic value of
echocardiographically detected LVH
has been unequivocally demonstrated
by the Framingham Heart Study in
which echocardiographic LVH
identifies a population at high risk for
cardiovascular disease.20 The relative
risk of developing cardiovascular
disease and death has been
demonstrated to be higher in those
with increased LVM even after
adjustment for other major
cardiovascular risk factors.11
There are a number of conflicting
reports regarding the prognostic
usefulness of LV geometric pattern in
patients with systemic hypertension.
Koren et al., found concentric LVH to
22
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Table 3: Regression analysis for the predictors of LVH
Variable

B (SE)

Wald

P Value

concentric hypertrophy.9
Exp (B) 95% CI for Exp (B)
Lower

Upper

Ht

-0.0889(0.032) 7.642

0.006*

0.916

0.860

0.975

SBP

0.043(0.012)

0.000*

1.044

1.019

1.069

12.378

PR

0.040(0.017)

5.203

0.023*

1.040

1.006

1.076

ACR

0.022(0.005)

16.322

0.000*

1.022

1.011

1.032

* P value is significant; Ht height; SBP systolic blood pressure; PR pulse rate; ACR
albumin-to-creatinine ratio

Figure 1: Prevalence of the different left ventricular geometric patterns

have the highest risk of mortality,
followed by eccentric LVH and
concentric remodeling in that order.6
The adverse prognostic significance
of concentric remodeling was
confirmed in a large prospective study
by Verdecchia et al.23 However, a
population based sample survey by
Krumholz et al., revealed that the
association between cardiac geometry
and prognosis is largely attenuated by
adjustment for baseline differences in
LV M I . 8 T h e h e i g h t e n e d
cardiovascular event risk in patients
with concentric hypertrophy may be
related to greater myocardial oxygen
demand and low coronary flow
reserve resulting in myocardial
ischemia and decreased
contractility. 24,25 The contrasting

reports on the prognostic value of
concentric remodeling
notwithstanding, this geometric
pattern identifies patients with the
highest likelihood of progressing to
LVH, thus providing an opportunity to
halt the progression if identified early.
Our study shows lower systolic
function in patients with eccentric
hypertrophy compared to other
geometric patterns. This finding
concur with the report of other
workers showing impaired systolic
function in eccentric hypertrophy .9,26
Eccentric hypertrophy is typically
associated with states of volume
overload. However, it may represent
an early cardiomyopathic process in
hypertension without an intervening
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Multiple regression analysis identified
SBP, ACR and PR to be the most
significant predictors of LVH.
However, only SBP was significantly
related to LVH in the cohort studied by
Salako et al.17 a finding similar to that
of Rayner and Becker among
hypertensive patients in South Africa.27
Studies have shown LVM to be more
closely related to SBP whereas LV
thickness correlates better with DBP.
However, Missault and colleagues
found that all parameters of
hypertrophy are more closely related
to SBP than to DBP or mean blood
pressure.28 Pressure overload from
elevated SBP results in increased wall
stress leading to addition of myofibrils
in parallel and thickening of
ventricular wall, thereby restoring wall
stress to normal or near normal.29 The
higher prevalence of LVH in stage II
than stage I hypertension is perhaps a
reflection of the continuous, consistent
and independent relation between
blood pressure and other
cardiovascular risks.11
Obesity is associated with higher
prevalence of LVH compared to
overweight and normal BMI. This is
similar to report of other workers.30,
31
Obesity is a potent and independent
stimulus for LV growth and in
combination with elevated blood
pressure, are more consistently
associated with LVH than either
stimulus.32
The high prevalence of abnormal LV
geometry observed in this study has
important implications in the
management of the increasing number
of hypertensive patients. In addition to
being important in risk stratification, it
also has a bearing on the choice of
a n t i h y p e r t e n s i v e
medication.1,11,12Studies have shown
the use of ACE inhibitors and ARB to
be associated with regression of LVH
and improved survival.7, 33 Among the
cohorts of the LIFE study group,
concentric hypertrophy was virtually
eliminated after 4 years of
antihypertensive therapy in spite of a
somewhat suboptimal systolic blood
23
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pressure control.33
With the prevalence of hypertension
steadily on the rise in the general
population, the use of risk
stratification is becoming
increasingly recognized as part of the
initial work up, not only as a guide for
therapeutic strategies, but also to
reduce cardiovascular morbidity and
mortality. Aggressive treatment of the
large number of patients with
abnormal LV geometry is imperative

in order to avert the adverse
cardiovascular consequences of the
altered LV geometry.
Our study has some limitations. Being
a cross sectional study, prognostic
implications of the different
geometric patterns could not be
ascertained. Long term follow up will
be required to establish causal
relationship between abnormal
geometry and cardiovascular events.
Secondly, LV filling pressure could

not be assessed due to lack of tissue
Doppler.
Conclusion
There is a high prevalence of abnormal
LV g e o m e t r y a m o n g s t n e w l y
presenting untreated hypertensive
patients at the University of Maiduguri
Teaching Hospital. Systolic function is
noted to be significantly lower in
patients with eccentric hypertrophy
compared to other geometric patterns.
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