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Background: High blood pressure causes left ventricular hypertrophy, which is a
negative prognostic factor among hypertensive patients. Aim: To assess left ventricular geometric remodeling patterns in patients with essential hypertension or with
hypertension secondary to parenchymal renal disease. Material and Methods: We
analyzed data from echocardiograms performed in 250 patients with essential hypertension (150 females) and 100 patients with secondary hypertension (60 females).
The interventricular septum and the left ventricular posterior wall thickness were
measured in the parasternal long-axis. Left ventricular mass was calculated using the
Devereaux formula. Results: The most common remodeling type in females and males
with essential hypertension were eccentric and concentric left ventricular hypertrophy
(cLVH), respectively. Among patients with secondary arterial hypertension, cLVH was
most commonly observed in both genders. The prevalence of left ventricular hypertrophy was higher among patients with secondary hypertension. The left ventricular
mass index and the relative left ventricular wall thickness were higher in males and
also in the secondary hypertension group. Age, blood pressure values and the duration
of hypertension, influenced remodeling patterns. Conclusions: We documented a
higher prevalence of LVH among patients with secondary hypertension. The type of
ventricular remodeling depends on gender, age, type of hypertension, blood pressure
values and the duration of hypertension.
(Rev Med Chile 2013; 141: 1520-1527).
Key words: Hypertension; Hypertension, renal; Hypertrophy, left ventricular;
Ventricular remodeling.

Patrones de remodelación ventricular
en pacientes con hipertensión arterial
primaria y secundaria
Antecedentes: La hipertensión arterial causa hipertrofia ventricular izquierda,
un factor de mal pronóstico en pacientes hipertensos. Objetivo: Evaluar patrones
de remodelación ventricular en pacientes con hipertensión arterial esencial y secundaria a daño renal. Material y Métodos: Análisis de ecocardiogramas efectuados a
250 pacientes con hipertensión arterial primaria (150 mujeres) y 100 pacientes con
hipertensión secundaria (60 mujeres). Se midió el grosor del septum interventricular
y de la pared ventricular posterior. La masa ventricular izquierda se calculó usando
la fórmula de Devereaux. Resultados: Los tipos más frecuentes de remodelación
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ventricular en mujeres y hombres con hipertensión esencial fueron la hipertrofia
ventricular excéntrica y concéntrica, respectivamente. En pacientes con hipertensión
arterial secundaria, la hipertrofia concéntrica fue más frecuente. La prevalencia
de hipertrofia ventricular izquierda fue más alta en pacientes con hipertensión
secundaria. El índice de masa ventricular izquierda y el grosor relativo de la pared
ventricular izquierda fueron mayores en pacientes con hipertensión secundaria. La
edad, los valores de presión arterial y la duración de la hipertensión influyeron en los
patrones de remodelación. Conclusiones: Documentamos una mayor prevalencia de
hipertrofia ventricular izquierda en pacientes con hipertensión secundaria. El tipo
de remodelación depende de la edad, género, tipo de hipertensión, valores de presión
arterial y duración de la hipertensión.

D

ifferent studies, including the Framingham
Heart, have documented that an increased
left ventricular mass represents an independent negative prognostic factor concerning
cardiovascular morbidity and mortality1-5. The
presence and degree of left ventricular hypertrophy (LVH) and also the type of remodeling depend
not only on the duration of hypertension and
the values of blood pressure but also on different
factors: sex, associated obesity, racial and genetic
parameters. If these factors have been studied
in patients with essential arterial hypertension,
they were less studied in patients with secondary
hypertension. Echocardiography is an accurate
and relative inexpensive method to determine the
existence of left ventricular hypertrophy and the
type of remodeling6-10.
The purpose of our study was to assess the
existence of left ventricular hypertrophy and the
pattern of left ventricular remodeling in a group
of population with essential arterial hypertension,
compared to a group with secondary hypertension
to chronic renal parenchymal diseases. We also
tried to assess the influence of different factors
(blood pressure values, the duration of hypertension, gender) on the pattern of left ventricular
remodeling. Secondary objective was to correlate
left ventricular (LV) remodeling patterns and different parameters such as left ventricular ejection
fraction and systemic vascular resistance and the
pattern of LV remodeling with the alteration of the
LV diastolic function in the two groups.
Material and Methods
The essential hypertension group consisted
of 250 patients older than 18 years, mainly from
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our outpatient clinic, checked-up in the period
2000-2012. The patients had a definite diagnosis
of essential arterial hypertension, for more than
12 months, established on standard criteria.
They were on no regular antihypertensive drugs.
Patients with associated cardiovascular diseases,
diabetes or other diseases generating LVH, were
excluded. Patients with secondary forms of hypertension were also ruled out.
The secondary hypertension group consisted
of 100 patients older than 18 years, mainly from
our outpatient and inpatient clinic, diagnosed
with hypertension secondary to renal parenchymal
diseases, documented at renal biopsy (secondary
to chronic glomerulo-and pyelo-nephritis) and
followed-up in the period 2000-2012. All had a
satisfactory renal function with normal serum
urea and creatinine. Patients with essential arterial
hypertension or associated cardiovascular diseases,
diabetes or other diseases generating LVH, were
excluded.
All patients were evaluated clinically, including vital signs, by the same physician, before the
echocardiographic examination was completed.
Echocardiographic examination
It was performed with an Aloka 2000 ultrasound machine (Aloka, Japan), with a 3.5 MHz
transducer, the M and 2D-mode exams being
done in the morning, with the patient in the left
lateral decubitus. We measured the interventricular septum and the left ventricular posterior wall
in parasternal long-axis, the left ventricular mass
being calculated according to Devereaux6: LVM
= 1.04 [(IVSd+PWd+LVDD)³ - LVDD³] - 13.6 g.
The left ventricular mass index (LVMI) resulted
by dividing LVM to the body surface (11). LVH
was defined by the criteria: LVMI > 134 g/m² in
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males, and > 110 g/m² in women. The relative wall
thickness (RWT) was deducted from the formula
PWd + IVSd/LVDD. According to Ganau8, we
defined 4 geometric remodeling types:
- The normal geometry (NG) was defined as no
LVH with RWT < 0.45.
- The concentric hypertrophy (cLVH) was defined as LVH with RWT ≥ 0.45.
- The eccentric hypertrophy (eLVH) was defined
as LVH with RWT < 0.45.
- The concentric remodeling (CR) was defined
as no LVH with RWT ≥ 0.45.
A subgroup of the cLVH patients was represented by those with asymmetric LVH (IVSd/
PWd > 1.5).
The ejection fraction of the left ventricle was
calculated using the Teicholz formula, and the
systemic vascular resistance in conformity with
the usual formula: SVR (dynes × s/cm5) = (80
× MAP)/CO, where MAP represents the mean
arterial pressure and CO the cardiac output. The
left ventricular diastolic function was assessed by
measuring the transmitral flow, the Doppler being
parallel with the mitral flow with the cursor placed
at the level of the mitral anulus in order to detect

the maximal velocity of the E (Emax) and A waves
(Amax). The Emax/Amax ratio, the pressure half
time of the E wave (PHT) and the isovolumic
relaxation time (IVRT) were also calculated.
Statistical analyses
We used the independent t-tests and one way
(one-way) analysis of variance (ANOVA) tests to
document differences between groups, for normally distributed variables and the Mann- Whitney
test for skewed distribution. We expressed data as
mean with standard deviation. We assessed univariate relations by Pearsons’ correlation coefficients
and we also used multiple regression analysis. The
significance level of p was 0.05. We used STATISTICA 5.0 for Windows.
Results
The clinical characteristics of the essential arterial hypertension and secondary renal parenchymal hypertension are presented in Tables 1 and 2.
As can be seen female patients prevailed over male
patients. The age was similar for the 2 groups, but
disease duration varied much. The patients with
essential arterial hypertension were predominantly

Table 1. Characteristics of the essential arterial hypertension group
Parameter
Number (patients)

Females
150

Males

p females vs males

100

HT stage 1*

45 (30%)

35 (35%)

> 0.05

HT stage 2*

55 (36.66%)

50 (50%)

> 0.05

HT stage 3*

50 (33.34%)

15 (15%)

> 0.05

HT = hypertension. *Classification of blood pressure levels (mmHg) according with 2013 ESH/ESC Guidelines for the management of arterial hypertension.

Table 2. Characteristics of the arterial hypertension of renal parenchymal origin group
Parameter
Number
HT stage 1*

Females

Males

60

40

5 (8.33%)

p females vs males

2 (5%)

> 0.05

HT stage 2*

21 (35%)

13 (32.5%)

> 0.05

HT stage 3*

34 (56.67%)

25 (62.5%)

> 0.05

HT = hypertension. * Classification of blood pressure levels (mmHg) according with 2013 ESH/ESC Guidelines for the management of arterial hypertension.
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in stage 2, whereas patients with renal parenchymal
hypertension were mostly in stage 3.
In tables 3 and 4 are presented the echocardiographic parameters, the remodeling patterns
and the LVH prevalence for the different stages
of hypertension in both groups. As can be seen
the LVMI and RWT were greater in males than in
females and also in the secondary renal parenchymal hypertension group compared to the essential
hypertension population. The most frequent
remodeling type in females with essential hypertension was the eLVH followed by the cLVH, the
NG and CR, whereas in males the cLVH surpassed
in frequency the eLVH. In the secondary arterial

hypertension of renal parenchymal origin group,
the most frequent encountered remodeling type
both in females and males was the cLVH followed
by eLVH, CR and NG. The prevalence of LVH in
all three hypertension stages was higher in the
secondary arterial hypertension group compared
to the essential hypertension group.
As can be seen in tables 5 and 6, the age of the
patients, the systolic and diastolic blood pressure
values and the duration of hypertension played
an important role in the LV remodeling pattern,
both in the essential hypertension group and in the
secondary arterial hypertension, both in females
and males. The highest LV ejection fractions and

Table 3. Echocardiographic parameters in the essential arterial hypertension group
Parameter

Females (150)

Males (100)

p females vs males

LVMI, g/m²

124.4 ± 32.2

139.7 ± 36.6

< 0.01

RWT

0.42 ± 0.08

0.43 ± 0.09

0.07

Remodeling type
eLVH
cLVH
NG
CR

52 (34.66%)
47 (31.33%)
34 (22.67%)
17 (11.33%)

33 (33%)
37 (37%)
23 (23%)
7 (7%)

Prevalence of LVH in stage I HT

52 (34.67%)

33 (33%)

Prevalence of LVH in stage II HT

110 (73.34%)

80 (80%)

Prevalence of LVH in stage III HT

145 (96.67%)

96 (96%)

LVMI = left ventricular mass index. RWT = relative wall thickness. eLVH = eccentric LVH. cLVH = concentric LVH. NG = normal
geometry. CR = concentric remodeling.

Table 4. Echocardiographic parameters in the renal parenchymal origin arterial hypertension group
Parameter

Females (60)

Males (40)

p females vs males

LVMI, g/m²

125.4 ± 32.3

140.7 ± 36.7

< 0.01

RWT

0.43 ± 0.09

0.44 ± 0.10

0.07

Remodeling type
eLVH
cLVH
NG
CR

16 (26.6%)
27 (45%)
7 (11.6%)
10 (16.6%)

11 (27.5%)
22 (55%)
1 (2.5%)
6 (15%)

Prevalence of LVH in stage I HT

18 (30%)

19 (47.5%)

Prevalence of LVH in stage II HT

48 (80%)

36 (90%)

Prevalence of LVH in stage III HT

59 (98.34%)

39 (97.5%)

LVMI = left ventricular mass index. RWT = relative wall thickness. eLVH = eccentric LVH. cLVH = concentric LVH. NG = normal
geometry. CR = concentric remodeling.
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Table 5. Echocardiographic-haemodynamic characteristics in the 4 LV remodeling types
in patients with essential arterial hypertension
Parameter

eLVH

cLVH

NG

CR

Age (years)

54.7 ± 2.8

53.3 ± 3.5

50.04 ± 3.4

51.7 ± 4.2

BPs (mm Hg)

174.5 ± 7.5

180.3 ± 8.8

168.7 ± 8.8

178.6 ± 10.6

BPd (mm Hg)

105.6 ± 4.8

109.4 ± 5.7

102.4 ± 6.6

101.7 ± 7.6

Duration of HT (years)

9.9 ± 1.5

10.8 ± 1.4

8.5 ± 1.6

10.3 ± 1.3

LV ejection fraction (%)

66.30 ± 13.7

64.07 ± 12.3

55.3 ± 6.7

55.74 ± 7.9

2046.97 ± 460.4

1824.1 ± 722.7

1572.9 ± 61.1

2819.5 ± 159.1

152 (89.4%)

148 (89.6%)

52 (45.2%)

33 (66%)

SVR (dyne*.sec*cm-5)
Altered diast function (%)

BP = blood pressure. HT = hypertension. SVR = systemic vascular resistance.

Table 6. Echocardiographic-haemodynamic characteristics in the 4 LV remodeling types
in patients with renal parenchymal origin arterial hypertension
Parameter

eLVH

cLVH

NG

CR

Age (years)

52.5 ± 2.6

51.1 ± 3.3

48.2 ± 3.2

49.5 ± 4

BPs (mm Hg)

175.6 ± 7.6

181.4 ± 8.9

169.8 ± 8.9

179.7 ± 10.7

BPd (mm Hg)

106.7 ± 4.9

110.5 ± 5.8

103.5 ± 6.7

102.8 ± 7.6

Duration of HT (years)

7.8 ± 1.3

8.6 ± 1.2

6.3 ± 1.4

8.1 ± 1.1

LV ejection fraction (%)

66.90 ± 13.8

65.07 ± 12.4

56.3 ± 6.8

56.74 ± 8.1

2047.99 ± 370.5

1910.1 ± 729.8

1610.9 ± 66.1

2920.6 ± 160.2

49 (90.7%)

89 (90.8%)

9 (56.2%)

22 (68.7%)

SVR (dyne*.sec*cm-5)
Altered diast. function (%)

BP = blood pressure. HT = hypertension. SVR = systemic vascular resistance.

systemic vascular resistances were encountered in
the eLVH, followed by the cLVH population. The
diastolic function was altered preponderantly in
the eLVH and cLVH groups, more severely in the

arterial hypertension of renal parenchymal origin
population. We documented an increased SVR
in CR groups probably due to an inappropriate
vascular regulation mechanism (Figures 1-4).

Figure 1. Remodeling of the left ventricle in females with
essential hypertension.

Figure 2. Remodeling of the left ventricle in females with
secondary hypertension.
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Figure 3. Remodeling of left ventricle in males with essential
hypertension.

Figure 4. Remodeling of left ventricle in males with secondary hypertension.

Discussion

We documented that the age and gender of the
patients, the systolic and diastolic blood pressure
values and the duration of hypertension played
an important role in the LV remodeling pattern,
in both groups, both females and males. Many
studies have shown the effect of age on left ventricular remodeling in hypertensive patients, but
also in normotensive individuals17-21. Concerning
the gender of our patients, we found out a greater
LVH with predominant cLVH in males compared
to females, not only in the essential hypertension22,
but also in the secondary arterial hypertension of
renal parenchymal origin population29. The effect
of hypertension severity and duration on the degree and type of LVH documented in our study,
was revealed also by previous studies, including the
study by Chen CH et al23,24. We documented this
aspect not only in the essential hypertension group
but also in the secondary arterial hypertension one
showing a direct correlation between hyprtension
stage and prevalence of LVH.
As expected, we encountered the highest LV
ejection fractions and systemic vascular resistances
in the eLVH, followed by the cLVH population. An
interesting observation of our study is an altered
diastolic function preponderantly in the eLVH
and cLVH groups, more severely in the arterial
hypertension of renal parenchymal origin, population, an important finding since resting diastolic
function and left ventricular mass influence the
exercise capacity in hypertensive patients25,26.

The LV remodeling patterns were documented in the past in patients with essential arterial
hypertension in studies like VITAE or LIFE9,12,
but our study is the first one to investigate the LV
prevalence and remodeling patterns in parallel in
two populations: patients with essential arterial
hypertension and patients with secondary arterial
hypertension, generated by renal parenchymal
diseases. Both groups were on no systematic
antihypertensive drugs, as such medication can
influence the LVH13,15. The patients with secondary
arterial hypertension had a near normal renal
function, the serum urea and creatinine being in
normal limits. Other secondary causes of arterial
hypertension were excluded from both groups, and
also patients with other diseases generating LVH
(coronary heart disease, diabetes, obesity, valvular
heart disease, etc.) were ruled out.
The prevalence of LVH was higher in the secondary arterial hypertension compared to the
essential hypertension group for all males and
for females in stage II or III of hypertension. The
most frequent remodeling type in females with
essential hypertension was the eLVH, whereas in
males the cLVH surpassed in frequency the eLVH.
In the secondary arterial hypertension, the most
frequent encountered remodeling type both in
females and males was the cLVH. Different studies
have revealed a high incidence of eLVH in patients
with essential arterial hypertension, even in mild
to moderate forms16,27,28. Our study has documented that in arterial hypertension secondary
to renal parenchymal diseases, the most frequent
form of remodeling is the cLVH, in both sexes.
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Conclusion
We documented a high prevalence of LVH in all
3 stages of hypertension, higher in the secondary
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arterial hypertension of renal parenchymal origin
group compared to the essential hypertension
group both for males and for females in stage II or
III of hypertension. The most frequent remodeling
type in females with essential hypertension was
the eLVH followed by the cLVH, whereas in males
the cLVH surpassed in frequency the eLVH. In the
secondary arterial hypertension group, the most
frequent encountered remodeling type both in females and males was the cLVH followed by eLVH.
Another observation is that the age and gender
of the patients, the systolic and diastolic blood
pressure values and the duration of hypertension,
all played an important role in the LV remodeling
pattern, in both groups, both in females and males.
We encountered the highest LV ejection fractions
and systemic vascular resistances in the eLVH,
followed by the cLVH population. An interesting
observation of our study is an altered diastolic
function preponderantly in the eLVH and cLVH
groups, more severely in the arterial hypertension
of renal parenchymal origin population.
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