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Prevalence and Patterns of Left Ventricular Hypertrophy
in Patients with Predialysis Chronic Renal Failure

Left ventricular hypertrophy (LVH) is an independent risk factor for cardiac death.
This study evaluates the prevalence and patterns of LVH in patients with
predialysis chronic renal failure (CRF) and analyses the relationship between
LVH and various predisposing factors. Sixty-two CRF patients were recruited
from the renal clinic with serum creatinine over 2 mg/dl. Using echocardiography,
we calculated the left ventricular mass index (LVMI) and relative wall thickness
(RWT), and dassified the patients into four groups (Group 1: normal, Group
2: concentric remodelling, Group 3: concentric hypertrophy, Group 4: eccentric
hypertrophy). Prevalence and patterns of LVH in patients with CRF were as
follows; 6.5% in Groups 1 and 2, 56.5% in Group 3 and 30.5% in Group 4.
LVMI increases with progressive renal function dedline. There were linear cor-
relations between LVMI and systolic and diastolic blood pressure (BP), serum
creatinine (Scr) and intact parathyroid hormone (PTH) in patients with predialysis
CRF and also inverse linear correlations between LVMI and creatinine clearance
(Ccr) and hemoglobin. In conclusion, we demonstrate the high prevalence of
LVH (87%) in patients with predialysis CRF and concentric hypertrophy (56.5%)
was the main pattern of LVH. Several factors such as anemia, systolic and
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diastolic BP, renal function and PTH influence LVMI.
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INTRODUCTION

Catdiovascular disease is the leading cause of mortality
and motbidity in patients on maintenance dialysis, ac-
counting for about 40% of deaths in most tregistries (1,
2). Clinical manifestations of cardiovascular disease were
highly prevalent at the start of dialysis therapy: 14% had
coronary artery disease, 19% angina pectotis, 31% car-
diac failure, 7% dysthythmia and 8% periphetal vascular
disease (3). Echocardiography provides a non-invasive
assessment of left ventticular structure and function and
also provide information on both left ventricular geom-
etry and left ventricular contractility. In nontenal popula-
tions, echocardiographic LVH is an adverse prognostic
indicator, independent of age, diabetes, hypertension,
hypetlipidemia and smoking (4-6). In the Framingham
Heart Study, systolic dysfunction, measured by left ven-
tricular fractional shortening was infrequent, but when
present was a more powetful predictor of mortality than
LVH (7). LVH is detected in approximately 70% of
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patients at the start of dialysis and it is alteady well
known that LVH is an important determinant of sutvival
in patients with end stage renal disease (ESRD) as well
as in patients with normal renal function (3-8). In recent
years, echocardiographically detected LVH predicted cat-
diovascular complications duting 4- to 5S-year follow-up
petiods in hypertensive men (9) and in ESRD patients (3,
8). However, whether left ventricular mass measurements
identify long-term high risk status in hypertensive men
and in patients with ESRD, risk stratification can be
further improved by mote complete assessment of left
ventticular geometty (6). Reports concerning the pteva-
lence and patterns of LVH by a new classification of left
ventticular geometry in patients with predialysis CRF ate
few. In this ctoss sectional study, we are going to eval-
uate the prevalence and patterns of LVH by left ven-
tricular geometty in patients with predialysis CRF with
variable remal function and analyse the relationship
between LVH and vatious predisposing factors such as
anemia, renal function, blood pressure, and secondary
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hyperparathyroidism.

PATIENTS AND METHODS

Patients

Sixty-two CRF patients wete recruited from our renal
clinic with setum creatinine over 2 mg/dl. Patients consist
of 29 males and 33 females with mean age of 57.8 £15.9.
Undetlying causes of renal insufficiency wete chronic
glomerulonephritis 26 (42.0%), diabetic nephropathy 17
(27.4%), hypertensive nephrosclerosis 12 (19.4%), poly-
cystic kidney disease 3 (4.8%), chronic pyelonephritis 1
(1.6%), renal tubetculosis 1 (1.6%) and unknown 2 (3.2
%). To compate the prevalence of LVH, age and degtee
of hypertension were matched to 42 patients with essential
hypertension, who were rectuited from our cardiac clinic
with normal renal function. Control group consists of 23
males and 19 females with mean age of 55.6+t11.4.

Methods

All subjects underwent two-dimensional targeted M-
mode echocardiograms recorded in the left lateral decu-
bitus position by Hewlett Packard SONOS 2500 and
Vingmed CFM 750. We measured the thickness of the
interventricular septum (IVS) at systole and diastole, the
thickness of the posterior wall (PWT), and the internal
diameter of the left ventricle at end diastole (LVIDD)
and systole (LVIDS). Left ventricular mass was calculated
using the Ametican Society of Echocardiography cube
formula regressed to anatomic validation as described
below (10). Left ventricular mass index (LVMI) was cal-
culated by dividing the left ventricular mass by body sut-
face area (BSA); LVMI=LV mass (g)/BSA (m”). Left ven-
tricular hypettrophy (LVH) was defined in absolute terms
as more than 131 g/m’ in men and mote than 100 g/m’
in women (4,11). Left ventricular ejection fraction (LVEF)
and fractional shottening (FS) were calculated by the for-
mula described below. Futther charactetization of LVH
into concentric and eccentric hypertrophy was depen-
dent on measurements of telative wall thickness accord-
ing to American Society of Echocardiography critetia.
Concentric hypertrophy was present if the RWT was
equal ot greater than 0.45 in the presence of LVH and
eccentric hypertrophy was present if the RWT was less
than 0.45 in the presence of LVH; concentric remodel-
ling was ptesent if the RWT was equal or greater than
0.45 in the absence of LVH. We classified the patients
to 4 groups (Group 1: normal, Group 2: concenttic te-
modelling, Group 3: concentric hypertrophy, Group 4:
eccentric hypertrophy).
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LV mass (g) = 0.8 {1.04 X [(LVIDD+IVS+PWT)’ —
(LVIDD)’] } +0.6 g

LV mass index LVMI) = LV mass (g)/BSA (m°)
(LVIDDY — (LVIDS)
(LVIDDY

LVEE (%) =

FS (%) = [(LVIDD - LVIDS)/LVIDD] X 100
RWT = [(2XPWT)/LVIDD]

Blood pressure was measured in the supine position
after 5 minutes of rest in the out patient clinic. The
mean of the three blood pressutre determinations obtained
on the day of echocardiogram was repotted. Hyperten-
sion was defined as a mean arterial pressure greater than
105 mmHg or systolic and diastolic pressure greater than
140/90 mmHg, respectively. Fasting laboratory determi-
nations of hemoglobin, intact PTH, and serum creatinine
(Sct) were obtained within 1 week of the echocardio-
graphy. Creatinine clearance (Ccr) was calculated by the
Gault-Cockceroft formula desctibed below (12).

Ccr (males) = (140 —age) X weight (kg)/72 X serum
creatinine (mg/dl)

Cer (females) = Cer (males) X 0.85

Statistical analysis

All data were expressed as mean®SD. Student’s t-
test, Kruskall-Wallis 1-way ANOVA, Pearson’s correla-
tion analysis were used. All tests were considered signifi-
cant if they met the p<0.05 levels.

RESULTS

Clincal characteristics of the hypertensive control and
predialysis CRF group showed at Table 1. There were
no significant differences between the hypettensive con-
trol and predialysis CRF group in the aspects of age, sex,
body surface atea, and systolic and diastolic blood pres-
sure levels. Various echocardiographic parameters such as,
LVMI, RWT, and LVIDD were higher in the predialysis
CRF group compared to the hypertensive control. On the
other hand, LVEF and FS were lower significantly in the
predialysis CRF group (Table 2). The prevalence of LVH
in the ptredialysis CRF group was 87% of patients wheteas
that of LVH in the hypertensive control was 50%. There
wete statistically significant differences in the prevalence
of LVH between the two groups. Patterns of LVH in
the hypertensive control were as follows; Group 1 (40.5
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Table 1. Clinical characteristics of the hypertensive control and
predialysis CRF patients
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Table 2. M-mode echocardiographic data in patients with hy-
pertensive control and predialysis CRF

Hyper_tension C_RF o value Hyper_tension C_RF o value
patients patients patients patients

Number of patients 42 62 - LVYMI (g/m?) 12491424 16581432 <0.05
Age (years) 55.6t11.4 578+159 NS LVIDD (mm}) 48.6t4.5 526=*6.6 <0.05
Sex (M:F) 23:19 29:33 NS LVIDS (mm) 29.4+42 364+78 <0.05
BSA (m? 170+018  164+017 NS IVS-D (mm) 11.3+2.6 123128 NS
BMI (kg/m?) 242427 209+36 NS VS-S (mm) 15.9£3.1 158+37 NS
Systolic BP (mmHg) 154412 151418 NS PW-D (mm) 11.3+25 126+23 <005
Diastolic BP (mmHg) 93+7 ®+9 NS PW-S (mm) 165529 173423 NS
Ser (mg/d) 09+02  59+29 <005 M 04670100 048810106 NS
Cer (ml/mimy) 91.4+201 161117 <0.05 EF (%) 63'Oi7'8 o '8112'5 <005
Hemoglobin (g/dl) 141413 86+15 <0.05 FS 040-+0.06 0-310.09 <0.05
Hematocrit (%) 41.4+39 256+4.1 <0.05 CRF, chronic renal failure; LVMI, left ventricular mass index;

Intact PTH (pg/ml) - 190125 -

CRF, chronic renal failure; BSA, body surface area; BMI, body
mass index; BP, blood pressure; Scr, serum creatinine; Ccr,
creatinine clearance; PTH, parathyroid hormone.

Data are expressed as mean=SD (NS: statistically not signifi-
cant).

%), Group 2(9.5%), Group 3 (40.5%), and Group 4
(9.5%). Patterns of LVH in the predialysis CRF group
were as follows; Group 1 (6.5%), Group 2 (6.5%), Group
3 (56.5%), and Group 4 (30.5%). Figure 1 showed distri-
butions of patients in the aspects of LVH pattern between
the two groups. In both groups, the most popular pattern
was concenttic LVH and in the predialysis CRF group,
concentric and eccentric LVH increased significantly
compated to the hypertensive control. In the predialysis

100 1 : Normal
II': Concentric remodelling
Il : Concentric hypertrophy
80 IV : Eccentric hypertrophy
[0 Hypertensive control
. M Predialysis CRF
& 60
] 56.5%
c
9
® 40.5% 40.5%
a 40
30.5%
20
0 0
6.5% 9.5% 6.5% 9.5%
0 1 1 1
| 1l 1l v
Group

Fig. 1. Patterns of LVH in the Hypertensive control and Pre-
dialysis CRF patients. LVH, left ventricular hypertrophy; CRF,
chronic renal failure.

LVIDD & LVIDS, internal diameter of LV at diastole & systole;
IVS-D & IVS-S, thickness of the ventricular septum at diastole &
systole; PW-D & PW-S, thickness of posterior wall at diastole &
systole; RWT, relative wall thickness; EF, ejection fraction; FS,
fractional shortening.

Data are expressed as mean=SD (NS: statistically not signifi-
cant).

CRF group, we compated the clinical characteristics of
the patients with or without LVH (Table 3). There were
no significant differences in the aspects of age, sex, and
BSA between the two groups. However, systolic and
diastolic BP and intact PTH wete significantly higher in
the patients group with LVH compared to without. We
also compated the clinical charactetistics and echocardio-
graphic vatiables of the patients with severe tenal func-
tional impairment (Ccr =20 ml/min) or without (Cer<

Table 3. Comparison of clinical characteristics between those
with and without LVH in predialysis CRF patients

LVH (=) LVH (+) p value
Number of patients 8 54 -
Age (years) 64.5+16.4 56.9+15.8 NS
Sex (M:F) 35 26:28 NS
BSA (m%) 1.64+0.19 164+0.17 NS
BMI (kg/) 243+53 227+33 NS
Systolic BP (mmHg) 133x14 153+18 <0.05
Diastolic BP (mmHg) 82+8 94+£8 <0.05
Scr (mg/dl) 35+11 6.5+2.7 <0.05
Cer (ml/mimy) 28.3+81 14.3+111 <0.05
Hemoglobin (g/dl) 89+12 8.6+1.6 NS
Hematocrit (%) 256+35 256+4.2 NS
Intact PTH (pg/ml) 48.6+141 2035+1229  <0.05

LVH, left ventricular hypertrophy; CRF, chronic renal failure; BSA,
body surface area; BMI, body mass index; BP, blood pressure;
Scr, serum creatinine; Ccr, creatinine clearance; PTH, parathyroid
hormone.

Data are expressed as mean=SD (NS: statistically not signifi-
cant).
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Table 4. Severity of renal dysfunction and various clinical and
echocardiographic variables in predialysis CRF patients
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Table 5. Correlations between LVMI and various clinical pa-
rameters in patients with predialysis CRF

Cer Cer
>20 mimin - <20 mimin ° value

Number of patients 16 46 -
Age (years) 59.8+17.6 57.2+155 NS
Sex (M:F) 6:10 23:23 NS
Systolic BP (mmHg) 13717 155+17 <0.05
Diastolic BP (mmHg) 86+8 95+9 <0.05
Hemoglobin (g/dl) 94+15 84+14 <0.05
Intact PTH (pg/ml) 389+204  204.1+1216 <0.05
LVYMI (g/m) 131.6+37.7 177.8+38.6 <0.05
LVIDD (mm) 521+7.8 52.7+6.3 NS
IVS-D (mmy 10.7+2.3 129427 <0.05
PW-D (mm)} 109+1.8 13.2+2.1 <0.05
RWT 0.43+0.12 051+0.10 <0.05
EF (%) 56.3+7.9 50.2+£13.4 <0.05
FS 0.34+0.06 0.30+£0.10 NS

CRF, chronic renal failure; Cer, creatinine clearance; BP, blood
pressure; PTH, parathyroid hormone; LVMI, left ventricular mass
index; LVIDD, internal diameter of LV at diastole; IVS-D, thickness
of the ventricular septum at diastole; PW-D, thickness of posterior
wall at diastole; RWT, relative wall thickness; EF, ejection fraction;
FS, fractional shortening.

Data are expressed as mean=SD (NS: statistically not signifi-
cant).

20 ml/min) (Table 4). LVMI increases with progressive
renal function decline (177.8 g/m’ of patients with Cer<
20 ml/min vs 131.6 g/m” of patients with Ccr=20 ml/
min, p<0.05). The relationship between LVMI and vat-
ious clinical parameters showed that there were linear

LVMI (g/m2)
300

200 1

100 + o o o

r=0.38

120 140 160 180

Systolic blood pressure (mmHg)

200

Correlation coefficient with LVMI

Age 0.1164
Duration of HiBP 0.1665
Systolic BP 0.3803*
Diastolic BP 0.3881*
Scr 0.5320*
Cer -0.4204*
Hemoglobin -0.2834*
Intact PTH 0.4452*

LVMI, left ventricular mass index; CRF, chronic renal failure;
HiBP, high blood pressure; Scr, serum creatinine; Ccr, creatinine
clearance; PTH, parathyroid hormone.

*means p<0.05.

correlations between LVMI and systolic and diastolic BP,
Sct and intact PTH in patients with predialysis CRF
(LVMI vs systolic BP £=0.38, p<0.05, LVMI vs diastolic
BP r=0.39, p<0.05, LVMI vs Scr r=0.53, p<0.05,
LVMI vs intact PTH r=0.45, p<<0.05). Thete were also
inverse linear correlations between LVMI and Cer and
hemoglobin (Hb) LVMI vs Cer r=—0.43, p<<0.05, LVMI
vs Hb r=-0.28, p<0.05)(Table 5, Fig. 2-4).

DISCUSSION

We have found that thete was a vety high prevalence
of LVH (87.0%) in patients with predialysis chronic renal

LVMI (g/m?)
300

200 t

100 1

r=0.39

70 80 90 100
Diastolic blood pressure (mmHg)

110 120

Fig. 2. Linear correlation between left ventricular mass index (LVMI) and blood pressure.
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Fig. 3. Linear correlation between left ventricular mass index (LVMI) and serum creatinine (Scr), intact parathyroid hormone (PTH).
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Fig. 4. Inverse linear correlation between left ventricular mass index (LVMI) and creatinine clearance (Ccr), hemoglobin (Hb).

failure. In the Framingham Heart Study, the prevalence
of LVH was 17% in the normal population and a higher
LV mass predicted a higher incidence of clinical events,
including death attributable to cardiovascular disease (4).
In recent years, echocardiographically detected LVH pre-
dicted catdiovascular complications during 4- to 5-year
follow-up periods in hypertensive men (9), in healthy
members of the general population (4), and in patients
with predialysis CRF and ESRD (3, 13-15). However, it
is questionable whether left ventricular mass measure-
ments can identify long-term high risk status in hypert-

tensive men. Risk stratification can be further improved
by a more complete assessment of left ventricular geome-
try (6). In addition to the absolute increase in LV mass,
the geometty pattetns of left ventricular hypertrophy also
may be important. Krumholz et al. tried to determine
the prognostic value of left ventricular geometric patterns
in the Framingham Heart Study and showed that sub-
jects with concentric hypertrophy had the worst prog-
nosis, followed by those with eccentric hypertrophy, con-
centtic remodelling and normal geometty (16). Koren et
al. also showed that patients with normal left ventricular
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geometry had the fewest adverse outcome, and those
with concentric hypertrophy had the most adverse out-
comes in uncomplicated essential hypertension (6). In
considering patterns of left ventricular geometry, it has
been hypothesized that continuous inctement of cardiac
pressute produced concentric hypettrophy, wheteas con-
tinuous increment of cardiac volume led to eccentric hy-
pettrophy (17). Recently, Levin et al. reported the pre-
valence and patterns of LVH through a new classification
of left ventricular geometty in patients with predialysis
CRF and showed that the main pattern of LVH was
eccentric hypertrophy (57.8%) (13). In our patients, the
main pattern was concentric hypertrophy (56.5%) and
this result differ from Levin et al. (13). However, com-
pated to essential hypertension group, eccentric hypet-
trophy was mote prevalent in patients with predialysis
CRF. These results suggest that patterns of LVH may
be affected by hemodialysis per se ot othet factots related
to progtessive deterioration of remal function. We have
desctibed the relationship between the presence of LVMI
and anemia, systolic and diastolic BP, impaired tenal
function and increased PTH level in this predialysis CRF
patients. In regression analysis, serum cteatinine had the
strongest lineat correlation with the LVMI, followed by
level of intact PTH, systolic and diastolic BP. And also,
creatinine clearance had the strongest negative linear cot-
relation with the LVMI, followed by level of hemoglobin.
The progressive decrease of tenal function is consistently
associated with LVMI (13). It is important to make an
intervention to decrease LVMI before severe declining
renal function. Blood pressure is also associated with
LVH in studies in the general (18) and CRF populations
(3, 13). Our results concur with those of similar studies
in predialysis patients (13), as well as studies of dialysis
populations (3). Anemia has been consistently associated
with LVH in the ESRD populations (19, 20), and the
results of this study also concur with those in the litet-
atute. In general, anemia leads to an increase in cardiac
work load due to relative tissue ischemia, which subse-
quently leads to the development of LVH. We have
demonstrated the relationship between intact PTH level
and LVMI. Previous studies have inconsistently demon-
strated the relationship between intact PTH level and
LVMI (13, 19, 21). To study a larger sample and serial
measuterments over a longer length of time may be
needed to clarify the true relationship between intact
PTH level and LVMIL.

In summaty, thete was a high prevalence of LVH (87
%) by a left ventricular geometry in patients with pre-
dialysis CRF and concenttic hypertrophy (56.5%) was the
main pattern of LVH. Several factors such as anemia,
systolic and diastolic BP, renal function and PTH might
influence LVMI. Further studies should focus on intet-
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ventions aimed at attenuating the impact of these factors
related to progressive declining renal function.
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