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ABSTRACT

Objective: To determine the association between cardiovascular risk factors and the abnormalities of left
ventricular geometric abnormalities.

Study Design: Prospective cross-sectional, single centered study.

Place and Duration of Study: Armed Forces Institute of Cardiology, Rawalpindi, from Jun 2018 to Dec 2018.
Methodology: This study permission was sought from hospital ethics committee. Written informed consent was
taken from participants of study. Particulars of all the patients who meet the inclusion were included i.e., 351
hypertensive.

Results: Left ventricular geometric abnormalities were detected in 321 subjects (91%), wherein concentric non
dilated left ventricular hypertrophy is the most common left ventricular geometric abnormality (39%). Elevated
systolic blood pressure and diabetes mellitus were positively associated with concentric left ventricular remo-
deling, whereas body mass index and chronic kidney disease were inversely associated with concentric abnorma-
lities. systolic blood pressure and diabetes mellitus, chronic kidney disease, large WC were positively associated
with eccentric dilated left ventricular hypertrophy, while body mass index, duration of hypertension, MS were
inversely associated with eccentric dilated left ventricular hypertrophy. Elevated systolic blood pressure was the
strongest risk factor for eccentric dilated left ventricular hypertrophy. Large WC, systolic blood pressure and
diabetes mellitus were positively associated with concentric left ventricular hypertrophy, whereas body mass
index was negatively associated with concentric left ventricular hypertrophy.

Conclusion: Appropriate risk factor management and compliance can prevent left ventricular geometric
abnormalities hence poorer outcomes in our population

Keywords: Cardiovascular risk factor, Hypertension, Left ventricular geometric abnormality, Left ventricular
remodeling.
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INTRODUCTION Left ventricular hypertrophy (LVH) is a well-

Hypertension and hypertensive heart disease known adaptive phenomenon, most commonly a
continue to receive research interests because 30-  result of untreat?d or uncontrolled hypertens‘ion.
45% of the general population are hypertensive ~INumerous ?tUdleS have shovyn that LVH Is a
and are often not or insufficiently treated and ~ Strong and independent predictor of cardiovas-
because issues such as the best treatment stra-  cular morbidity and mortality. Both combined or
tegies and therapeutic goals remain indefinitel. mixed hypertension and isolated systolic hyper-
Hemodynamic load caused by arterial hyperten- tension can result in various degrees of LVH.
sion may alter left ventricular (LV) function (sys-  Different geometric patterns of hypertensive LVH
tolic and diastolic) and cause ventricular remo- ~ We€T€ first described by Ganau®. It was later sho-
deling (changes in size, shape, structure, and fun- ~ WI' that different types of LV geometrical adap-
ction) of the heart as a compensatory mechanism ta’Fions were associated with different hemodyna-
of increased wall stress and after load?. mic patterns.

Recently, the investigators of the Dallas
Correspondence: Dr Fauzia Nazir, Department of Cardiology, Heart study suggested a new classification for
AFIC/NIHD, Rawalpindi Pakistan LVH based on four subtypes: eccentric non-
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dilated and dilated LVH, and concentric non-
dilated and dilated LVH. The classification of
LV geometry had been updated by the American
Society of Echocardiography and the European
Association of Cardiovascular Imaging in 20154
Therefore, this study is designed to investigate
the associations between different cardio meta-
bolic risk factors and the different phenotypes of
LV geometric abnormality based on the updated
classification system.

METHODOLOGY

This was a prospective cross-sectional single
centered study conducted in Armed Forces Insti-
tute of Cardiology using consecutive sampling
for the duration of 6 months (1st June, 2018 to 1st
December, 2018).

The objective of study was to determine the
frequency and risk factors of left ventricular geo-
metric abnormalities in hypertensive patients and
to establish an association between cardiometa-
bolic risk factors and different LVH phenotypes
patterns.

All those patients were included in the study
who had HTN if they meet any of the following
criteria i.e SBP 140 mmHg or greater, DBP 90 mm
Hg or greater, or Current use of antihypertensive
medication. Patients with comorbids of valvular
disease, Hypertrophic cardiomyopathy, severe
liver, thyroid, neoplastic disease were excluded
from the study.

Study was initiated after permission from
ethics committee and research department. Base-
line demographic information of the patient (age,
sex, BSA, duration of hypertension) were taken.
Informed consent was taken from each patient,
ensuring confidentiality. A full medical history
was collected. Blood and urine samples, a physi-
cal examination, a standard 12-lead electrocardio-
gram, an echocardiogram and three sphygmoma-
nometric blood pressure (BP) measurements in
the sitting position at the time of the first visit in
hospital was performed.

Five comparison groups were created on
the basis of the classification of the LV geometry:

normal LV geometry, concentric remodeling,
eccentric non-dilated LVH, eccentric dilated LVH
and concentric LVH (including concentric non-
dilated LVH and concentric dilated LVH). The
clinical characteristics of the five groups were
presented as frequencies and percentages for cat-
egorical variables and as the mean and standard
deviation (SD) for continuous variables. Univa-
riate associations between all underlying risk fac-
tors and each type of LV geometric abnormality
were calculated by logistic regression analysis.
Step-wise logistic regression analysis was perfor-
med to identify independent risk factors for each
type of abnormal LV geometry. Variables were
reviewed for clinical significance before testing.
Step-wise selection of risk factors after adjust-
ment for age, sex, BMI and duration of hyperten-
sion use was performed sequentially, with a def-
ault value for inclusion set at p<0.05. SPSS soft-
ware version 23 was used for all analyses.

RESULTS

The general clinical characteristics of the
study patients are shown in table-I. The study
population comprised 351 hypertensive patients
(41.9% women), aged 56 + 12 years. LV geometric
abnormalities were found in 322 subjects (91%)
distributed as follows: 20% with concentric LV
remodeling, 45% with concentric LVH (wherein
39% were concentric non-dilated LVH and 17.6%
were concentric dilated LVH), 4.8% with eccentric
non-dilated LVH and 10.2% eccentric dilated
LVH, and 8.2% with no LV geometric abnorma-
lities.

Patients with any type of LVH were older,
showed lengthier durations of hypertension, had
higher SBP, higher HDL-C, and a lower GFR and
high uric acid levels compared to those with nor-
mal LV geometry. There were no significant diffe-
rences in DBP and the incidences of MS, between
the five patterns of LV geometry. There were no
significant differences in the use of each class
of anti-hypertensive medication among the five
patterns of LV geometry.

After adjustment for age, sex, BMI, duration
of hypertension, and, step-wise multiple logistic
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regression analysis showed that the more risk  was the strongest risk factor for concentric and
factors were associated with eccentric dilated  eccentric LV remodeling.

Table-I: Mean and SD of risk factors in different LV geometric abnormalities.

Normal LV Concentric Eccentric Eccentric | Concentric | Concentric
Total Geometry LV Non- Dialated dilated non-
n (%) n (%) Remodeling dialated LV LVH dialated
n (%) LVH n (%) n (%) n (%) LVH n (%)
Total 351 29 70 17 36 62 137
Age 56 £13 56.55 +13.92 53.6 +13.7 56 £13.2 58 £11 55+14.9 57 £11.98
Gender Male 204 (58.1) 16 (55.2) 42 (60) 9(52.9) 24 (66.7) 31 (8.8) 82
Female | 147 (41.9) 13 (44.8) 28 (40) 8 (47.1) 12 (33.3) 31 (8.8) 55
Duration of HTN 49+51 3.36 £3.02 27+£24 98+7.6 6+5.56 6+5.55 49+51
SBP 139 +16.8 140 +15.28 138 + 1803 138 +£24.3 137 +£10 141 +18 138 +16.36
DBP 84 +104 85.7 + 6.54 83 +8.62 80.6+7.5 83+9.5 84+11.8 85+11.74
FBG 106 = 27 100.96 £ 33.18 102 + 36.82 111 +£12.8 110+ 14.6 105 +18.4 108 £27.71
TC 176 +33.8 158 +25.4 173 +45.01 146+28.8 | 168+0.00 | 165+17.6 | 192+35.10
LDL-C 131 +£50.27 178.7 £55.2 131.5+50.2 125+33.21 154 +£41 128 + 34 137 +£52.5
HDL-C 39+12.1 45.85 +£8.50 34+11.51 37+11.3 39+11.1 41+129 40 £12.36
GFR 102 + 42.64 131 +28.25 104 +36.5 117 +73 88+36.6 | 86.5+40.05 | 102+42.84
LVH. Diabetes and elevated SBP were positively Diabetes also had positive association in all

associated with both concentric and eccentric LV other LV geometric abnormalities.

Table-II: Uni-variate logistic regression analysis to select risk factors associated with each phenotype of left
ventricular geometric abnormality.

. . Ecentric Non-Dilated . . .

Variable Concentric Remodling LVH Ecentric Dilated LVH Concentric LVH

OR | (95% CI) p | OR | (95% CI) p OR | (95%CI) | p | OR | (95%CI) | p
?eg:r’s 980 | 947-1.01 | 261 | 98 | .94~1.0 51 | 1.00 | 96~1.08 | 94 | 99 | 964.02 | .56
Se&der' 137 | 49379 | 543 | 86 | 20-3.64 | 839 | 2075 .66~633 | 21 | 147 | 62-3.46 | 37
BMI 739 | 42-12 278 | 45 | 23-86 | .016* | 79 | 42~148 | 47 | 60 | 36 98 | .04*
Duration . . 5 .007
LN | 742 | 6584 | 001 | 98 | 88-109 | 748 | 89 | 8099 | 04" | 88 | .81-96 "
gif"amd 45 | 1.60~12.71 | .004* | 401 | 76~2021 | .09 | 579 | 1.6620.17 | .006* | 1.35 | 57~316 | .49
WC 100 | 96~1.05 | 705 | 99 | 91-1.07 | .82 | 99 | .94~1.04 | 848 | 1.01 | .98-1.05 | .36
CKD 64 | 17-237 | 509 | 1.06 | 1861 94 | 53 | 15-178 | 30 | 82 | 29-233 | .72
MS 02 | 004-.12 | .001* | 13 | 01~153 | .10 | .04 | .007~ 268 | .001* | 26 | .06~1.20 | .08
Diabetes | .89 | .21-3.32 87 | 84 | 15-468 | 85 | 85 | 24~305 | 80 | 1.62 | 22-1.78 | 38
E];gch 13 60~2.9 47 | 439 | 1194611 | .02¢ | 228 | 86602 | .09 | 2.08 | 1.01~4.28 | .04*
High TG | 946 | 241-37 | 001* | .86 | 11672 | .89 | 342 | .84-13.90 | .08 | 145 | 43 489 | 54
Low
HDLC 68 2221 51 | 140 | 27-725 | 68 | 1.05 | 37~354 | 933 | 70 | 27 ~1.81 | .46
Large 16.0 ) . 132 1.29 . . 76 ~
we S| 337812 001 | 1365 02 | 263 | 954399 | 25 | 281 | [0 12
Hyperure | 1o/ | 0a-62 | 008* | 05 | 01-28 | 001* | 88 | 22851 8 | 36 | 12~1.06 | .06
cemia
remodeling types, whereas elevated SBP [odds In concentric remodeling hyperuricemia,

ratio (OR) 5.79 (95% CI, 1.66720.17), p-value 0.006]  age, diabetes and elevated SBP had a positive
association with significant p-value. However,
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BMI, duration of HTN and CKD, MS, and high
TG were negatively associated with concentric re-
modeling.

In eccentric non dilated type of LV geometry
elevated SBP, DM, hyperuricemia were positively
associated whereas high FBG and BMI, large WC,
CKD, were negatively associated. Elevated SBP
was the strongest risk factor.

In eccentric dilated type of LVH elevated
SBP, large WC, CKD, DM were positively asso-
ciated and elevated SBP was the strongest risk
factor (OR 5.79, 95% CI 1.66720.17, p-value 0.006)
where as duration of HTN and MS, BMI and
hyperuricemia had negative association.
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Figure: Distribution of risk factors in hypertensive
population.

In concentric LVH elevated SBP, large WC,
and diabetes were positively associated. Diabetes
(OR 1.62, 95% CI 0.2271.78 P 0.041) turned out to
be a strong risk factor for concentric LVH, where-
as BMI was negatively associated with concentric
LVH.

Duration of HTN had a positive association
with dilated types of LVH whereas BMI had
negative association with dilated type of LVH.

DISCUSSION

Hemodynamic load caused by arterial hy-
pertension may alter left ventricular (LV) func-
tion (systolic and diastolic) and cause ventricular
remodeling (changes in size, shape, structure,
and function) of the heart as a compensatory
mechanism of increased wall stress and after
load.

Concentric nondilated LVH is associated
with normal left ventricular chamber size, and
left ventricular systolic function and performance
comparable with that found in patients with nor-
mal left ventricular geometry, but substantially
higher level of peripheral resistance and arterial
stiffness, indicating a predominant pressure over-
load. In contrast, patterns of dilated LVH are
characterized by dilated left atrium, greater left
ventricular mass, enhanced left ventricular pump
performance and normal-to-reduced peripheral
resistance and arterial stiffness, suggesting a mo-
re prominent volume load component. The only
remarkable difference between the two dilated
left ventricular geometric patterns is that eccen-
tric dilated LVH is associated with lower peri-
pheral resistance and more predominant signs of
volume overload than the concentric dilated type
of LVH5. Eccentric dilated LVH, concentric non-
dilated LVH and concentric dilated LVH were
associated with higher cardiovascular risk>.

The present study displayed that the refined
model adds prognostic information beyond
simple measurement of LVM.

In a study by Okin et al approximately 5
years of antihypertension treatment greatly red-
uced the prevalence of both nondilated and dila-
ted concentric LVH, with a smaller reduction in
eccentric dilated LVH demonstrating that hyper-
tension treatment decreased the numbers in the
2 dilated groups. They demonstrated that 3 sub-
types of LVH- eccentric dilated and both concen-
tric patterns predict cardiovascular events, and
that LVM regression has been shown to prevent
cardiovascular morbidity and mortality¢ suffici-
ent antihypertension treatment seems important
to avoid the 3 high-risk subtypes of LVH: eccen-
tric dilated and concentric nondilated and dilated
LVH.

Sha et al” reported the results of a retros-
pective analysis in patients with hypertension.
They implemented a modified classification of
geometric patterns first published by the Dallas
Heart Study investigators. This new classification
took into account the dimensions of the left
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ventricle and tabulated patients into six geo-
metric patterns. Of the 2290 patients with hyper-
tension, LV geometric abnormalities were noted
in 1479 patients (64.6%). They stated that concen-
tric LV geometric abnormalities were more com-
monly accompanied by more cardiovascular risk
factors such as increased waist circumference,
neck circumference, old age, systolic BP, hyperu-
ricemia, increased BMI, and alcohol use.” In fact,
these CV risk factors can partially explain the
higher CV risk associated with concentric LV geo-
metric patterns. However, this paper does not
report outcomes associated with each geometric
pattern, and it is difficult to create the link bet-
ween the pattern of LVH, risk factors, and the
risk itself. Nevertheless, the assumption in this
paper is that not only the geometric patterns but
also the accompanied risk profile of the patient
may be of importance.

In LIFE study, Watchtell et al specified that
treatment and control of hypertension can dram-
atically alter these geometric patterns. In a group
of 853 patients with ECG and echo-confirmed
LVH, treatment reduced the blood pressure from
174/95 mmHg to 151/84 mmHg, and LV mass
was reduced from 234 to 207g. Prevalence of con-
centric LVH decreased from 24% to 6%, eccentric
LVH decreased from 46% to 37%, and concentric
remodeling decreased from 10% to 6%. Normal
geometry increased from 20% to 51%.812 Thus,
effective treatment and control of hypertension is
vital to change the geometric patterns that predict
high cardiovascular risk.

Cuspidi et al studied the risk of cardiovas-
cular and all-cause mortality associated with LV
geometric patterns as defined by the new classi-
fication system proposed by the Dallas Heart
study. A total of 1716 patients, contributors in the
PAMELA study, were included. They reported
that concentric LV remodeling was the most com-
mon geometric pattern (9.4%), followed by eccen-
tric non-dilated LVH (6.3%). Compared to normal
LV geometry, concentric LVH predicted cardio-
vascular risk of cardiovascular mortality by 4.04-
fold, dilated LVH by 3.83-fold, and eccentric non-
dilated LVH by 2.61-fold after adjustment for

baseline covariates, including ambulatory blood
pressurel3-18,
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