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Abstract: Objective: Left ventricular hypertrophy (LVH) represents a major predictor of the development of cardiovas-
cular (CV) complications. Over-hydration (OH) is an important uremic risk factor associated with LVH and increased
CV morbidity and mortality in peritoneal dialysis (PD) patients. In the present study we evaluated the prevalence of
sub-clinical OH (SCOH) among PD patients and its effects on left ventricular mass (LVM). Methods: In this cross sec-
tional study hydration status, blood pressure, glucose load, systemic inflammation and LVM were evaluated in 43
clinically stable patients on maintenance PD for 24-76 months. The hydration status was assessed by whole-body
bio-impedance spectroscopy (BIS). Peripheral edema and any evidence of pulmonary congestion were considered
clinical signs of OH. Results: OH > 1.5 L was detected in 26 (60.5%) of the study participants; the OH in 19 (73.1%)
of them was sub-clinical. Only 23.5% (4/17) of patients with OH < 1.5 L had LVH compared to 68.4% (13/19) of
those with SCOH > 1.5 L (P = 0.007). Compared to patients with OH < 1.5 L, patients with SCOH > 1.5 L had higher
levels of blood pressure, peritoneal glucose load, plasma brain natriuretic peptide, high sensitive C-reactive protein,
interleukin-6 and LVMI; and lower levels of serum albumin (P < 0.001). No significant differences were found be-
tween patients with clinical OH or SCOH with OH > 1.5 L. Conclusions: SCOH is highly prevalent among PD patients
and may contribute to the development of LVH. Considering the poor prognosis associated with over-hydrated PD
patients, periodic assessment of hydration status using accurate BIS is suggested.
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Introduction patients [8-11]. Hypertension is recognized to

be associated with the development of LVH [12,

Cardiovascular (CV) complications are the main
cause of morbidity and mortality in dialysis
patients [1-4]. Traditional, uremic and novel risk
factors have been shown to contribute to early
coronary atherosclerosis in peritoneal dialysis
(PD) patients [4, 5]. Left ventricular hypertrophy
(LVH) represents a major predictor of the devel-
opment of CV events [3-5].

Over-hydration (OH) is an important and treat-
able uremic risk factor among dialysis patients
and associated with increased morbidity and
mortality rates [6, 7]. Moreover, OH is consid-
ered an essential cause of elevated blood pres-
sure, plasma brain natriuretic peptide (BNP)
and of inflammation marker levels in dialysis

13]. BNP is considered a cardiac biomarker
related to LVH and contributes to the evolution
of atherosclerosis and CV disease in PD patients
[8-11]. Chronic inflammation is a common novel
risk factor in dialysis patients that is considered
to be a powerful predictor of the development
of LVH and CV disease [14, 15]. The inflamma-
tory process stimulated by OH increases perito-
neal membrane permeability and fluid accumu-
lation [16, 17].

Although the roles of OH, glucose load, and
inflammation in CV morbidity and mortality in
PD patients are recognized, CV disease is still
frequently under-diagnosed and under-treated
in this population. “Dry weight”, which is the
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Table 1. Characteristics of the study population (n = 43)

effects on left ventricular mass
(LVM) in this population.

Variable Mean and SD or % (number)

Age (year) e Material and methods

Female % (n) 53.5(23)

Diabetes mellitus % (n) 46.5 (20) Study population

Hypertension % (n) 58.1 (25)

BMI > 30 kg/m2 % (n) 34.9 (15) In this cross sectional study,

Dialysis vintage (months) 37.3+12.4 volume status, LVM, and levels

Daily urine volume (ml/day) 756.8 + 116.3 of plasma _BNP’ bIoo_d_ pressure,

Residual renal function (ml/min) 7.3+2.4 Et'?vsem;ro?f: ( ;fg;g;"?ntgrﬁi'

i/:”sg';g( n/) " 53?5(23) Kin 6 (1L-6), and serum albumin

were evaluated in 43 clinically

APD % (n) 46.5 (20) stable patients on mainte-

KV 21+03 nance PD for 24-76 months.

High average transporters % (n) 55.8 (24) The study protocol was app-

low average transporters % (n) 44.2 (19) roved by the Medical Ethics

Received loop diuretics % (n) 88.4 (38) Committee of Western Galilee

Received calcium channels blockers % (n) 41.9 (18) Hospital, Nahariya, Israel. All

Received ACEls/ARBs % (n) 11.6 (5) patients signed a written

Other antihypertensive agents % (n) 20.9 (9) informed consent form before

Primary renal disease: participating in the study. Age
Diabetes mellitus % () 46.5 (20) under 18 years, pregnancy, psy-
Hypertension % () 209 (9) chiatric dlsorgers, active corg-
Chronic glomerulonephritis % (n) 11.6 (5) nary artery disease, hear.t f.a”_

ure (New York Heart Association

Adult polycystic kidney disease % (n) 9.3 (4) [NYHA] class Il or IV), any evi-
Unknown etiology 11.6 (5)

Data presented as mean + SD or % (number of patients). BMI = body mass

index; CAPD = continuous ambulatory peritoneal dialysis; APD = automated
peritoneal dialysis; Kt/V is a dimensionless index that measures the fractional
urea clearance during dialysis; High transporters have high peritoneal membrane
permeability or high effective peritoneal membrane area; and low transporters
have low peritoneal membrane permeability or low effective peritoneal membrane
area; Thus, high average/low average transporters have intermediate values
compared with high or low transporters; ACEls = angiotensin converting enzyme

inhibitors; ARBs = angiotensin receptor blockers.

body weight when all or most excess fluid has
been removed, changes frequently, due to vari-
ations in hydration status. In practice, dry
weight is usually determined clinically on a trial
and error basis without utilizing accurate meth-
ods such as whole-body bioimpedance spec-
troscopy (BIS). In addition, hydration status is
not always re-evaluated periodically. Often, OH
is sub-clinical and undiagnosed through the
periodic routine clinical examination of PD
patients. To our best knowledge we are not
aware of studies that targeted to evaluate the
prevalence and the effects of sub-clinical over-
hydration (SCOH) on CV complications in PD
patients. In the present study we evaluated the
prevalence of SCOH among PD patients and its
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dence of infection in the past
three months, immunosup-
pressive therapy, liver cirrho-
sis, malignancy, patients with
vascular stents, pacemakers,
defibrillators, artificial joints,
pins or limb amputations, were
all considered exclusion crite-
ria. All participants followed
their usual recommended diet

and continued their regular medications and
PD regimen. The target HbAlc (< 8%) was
achieved in patients with diabetes mellitus by
adjusting insulin doses as needed. Likewise,
adjustments were made in antihypertensive
drug doses, with the aim of achieving the blood
pressure goal of < 140/90. All patients partici-
pating in the study received only glucose based
PD solutions. All patients on automated PD
modality were with dry abdomen during the
day.

Blood pressure measurements

Blood pressure was evaluated using the Mobil-
O-Graph device for 24-hour ambulatory blood
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43 PD patients

|

[Interventricular septal thick-
ness (IVST), left ventricular po-
sterior wall thickness (LVPWT)
and left ventricular end diastol-
ic diameter (LVEDD)]. LVH is

OH= 1.5L
60.5% (26/43)

defined by an increase in LVMI
>95 g/m?in women and > 115

g/m?in men [19-21].

COH
26.9% (7/26)

LVH
71.4% (5/7)

Figure 1. The over-hydration (OH) and the presence of left ventricular hyper-
trophy (LVH) in a cohort of peritoneal dialysis (PD) patients. OH was detected
in 60.5% of PD patients. The majority of these patients (73.1%) had no clini-
cal evidence of fluid overload. Moreover, LVH, which is considered a major
predictor of the development of CV events, was detected in most patients
(68.4%) who were sub-clinically over-hydrated compared to only 23.5% of

those with OH < 1.5 L (P = 0.007).

pressure monitoring (Manufacture: Industrielle
Entwicklung Medizintechnik GmbH, D-52222
Stolberg, Germany).

Volume status assessment

Volume status was assessed by BIS, Fresenius
Medical Care Body Composition Monitor (BCM)
device, Bad Homburg, Germany [13]. Fluid
excess of > 1.5 L detected by BIS was consid-
ered OH. Peripheral edema and pulmonary con-
gestion were considered clinical signs of OH.

Peritoneal glucose load determination

Peritoneal glucose load (PGL) was calculated
according to a PGL index (PGLI) that was
defined as the total net glucose content (g) in
the daily PD prescription divided by the dry
body weight (kg), as assessed by the BCM
device.

Left ventricular mass calculation
LVMI was calculated by the Devereux formula
[18]:

LVMI ( g

2
m
(LVEDD)>] + 0.6} /Bodysurface

) = {0.8[ (IVST + LVPWT + LVEDD)3 -
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68.4% (13/19)

Statistical analysis

SCOH
73.1% (19/26)

Quantitative variables were de-
scribed using means and stan-
dard deviations. Qualitative
variables were described using
frequencies and percentages.
LVH Quantitative variables were
compared among groups by
the paired t-test or Wilcoxon
signed ranks test. Qualitative
variables, such as frequencies
and percentages, were com-
pared by Chi square test.
Correlations between OH and
levels of blood pressure, plas-
ma BNP, hsCRP, IL-6, serum
albumin, and LVMI were
described by the Pearson correlation coeffi-
cient test. A logistic regression with a stepwise
selection model was applied to identify factors
that predict the presence of LVH. Statistical
analysis was carried out using SPSS statistical
package (Version 19) and p-values of 0.05
were considered to be significant.

Results

The characteristics of the study population are
summarized in Table 1. Diabetes mellitus and
hypertension were the most common primary
renal diseases [46.5% (20/43) and 20.9%
(9/43), respectively]. 88.4% (38/43) received
loop diuretics, 41.9% (18/43) received calcium
channel blockers, 11.6% (5/43) received angio-
tensin inhibition agents, and 20.9% (9/43)
received other antihypertensive agents.

OH > 1.5 L was detected in 60.5% (26/43) of
participating patients (Figure 1). Of them 73.1%
(19/26) had SCOH > 1.5 L (Figure 1). LVH was
detected in 68.4% (13/19) of patients with
SCOH > 1.5 L compared to only 23.5% (4/17) of
those with OH < 1.5 L (P = 0.007) (Table 2;
Figure 1).

OH was positively and significantly correlated
with mean 24 hour SBP (r = 0.68, P < 0.001),
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Table 2. Comparison between patients with OH <1.5 L and patients with OH> 1.5 L

OH<15L(n=17)

OH>15L (n=26)

COH (n=T7) SCOH (n =19)

Variables P~ P pr

Diabetes % (n) 471 (8/17) 42.9 (3/7) 47.4 (9/19) 0.985 0.854 0.838
DUV (ml/day) 787.7 £ 139.3 7715+ 119.4 7428 +128.6 0.784 0.323 0.606
RRF (ml/min) 7.7 +5.6 7.8 +6.3 7.3+4.9 0.971 0.821 0.843
BNP (pg/ml) 156.0 + 39.4 664.2 + 63.2 676.9+449 <0.001 <0.001 0.605
24 h SBP (mmHg) 135.6 £+ 4.7 150.1+ 7.3 1481 +6.1 <0.001 <0.001 0.508
24 h DBP (mmHg) 79.1+4.6 91.7+5.1 92.3+4.3 <0.001 <0.001 0.776
HbAlc (%) 72 +£0.9 76+1.3 74 +£1.0 0.434 0.533 0.700
PGLI (g/kg/day) 22+0.5 41 +0.8 43+0.6 <0.001 <0.001 0.528
Plasma hsCRP (mg/dl) 24+1.0 15.9+8.9 17.2 £ 10.0 0.007 <0.001 0.759
Plasma IL-6 (pg/ml) 0.4+0.2 6.5+4.7 72+3.1 0.014 <0.001 0.694
Serum albumin (g/dl) 39+04 3.2+04 3.3+0.3 0.001 <0.001 0.528
LVMI (gr/m?) 92.4 +23.2 155.6 + 62.4 153.4+42.7 0.040 <0.001 0.927
LVH % (n) 23.5 (4/17) 71.4 (5/7) 68.4(13/19) 0.061  0.007 0.882

Data presented as mean + SD or % (number of patients). OH = over-hydration, COH = clinical over-hydration, SCOH = sub-
clinical over-hydration, P* = statistical significance between patients with OH < 1.5 L and patients with COH > 1.5 L, P*" = sta-
tistical significance between patients with OH < 1.5 L and patients with SCOH > 1.5 L, P*** = statistical significance between
patients with COH > 1.5 L and patients with SCOH > 1.5 L, DUV = daily urine volume, RRF = residual renal function, BNP =
plasma brain natriuretic peptide, 24 h SBP = mean 24 hour systolic blood pressure, 24 h DBP = mean 24 hour diastolic blood
pressure, PGLI = peritoneal glucose load index, hsCRP = high sensitivity C-reactive protein, IL-6 = interleukin 6, LVMI = left

ventricular mass index, LVH = left ventricular hypertrophy.

mean 24 hour DBP (r = 0.51, P = 0.01), PGLI (r
= 0.84, P < 0.001), plasma BNP (r = 0.91, P <
0.001), plasma hsCRP level (r = 0.94, P <
0.001) and plasma IL-6 levels (r = 0.92, P <
0.001). OH was negatively and significantly cor-
related with serum albumin levels (r =- 0.77, P
< 0.001). A positive and significant correlation
between OH and LVMI (r = 0.76, P < 0.001) was
exposed (Figure 2).

No differences were found between patients
with COH > 1.5 L and those with SCOH > 1.5 L
(Table 2). Patients with COH or SCOH > 1.5 L
had significant higher levels of blood pressure,
PGLI, plasma BNP, hsCRP IL-6 levels, and LVMI;
and lower levels of serum albumin, compared
to those with OH < 1.5 L (Table 2).

Discussion

In the present study OH was detected in 60.5%
of PD patients. The majority of these patients
(73.1%) had no clinical evidence of fluid over-
load. Moreover, LVH, which is considered a
major predictor of the development of CV
events [3-5], was detected in most patients
(68.4%) who were sub-clinically over-hydrated
(Table 2; Figure 1). In contrast, LVH was detect-
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ed in only 23.5% of those with OH < 1.5 L. We
are unaware of studies that reported such high
prevalence of SCOH and investigated a possi-
ble association between SCOH and LVH in PD
population.

Blood pressure, PGLI values, plasma BNP,
hsCRP and IL-6 levels as well as LVMI were
higher in patients with SCOH > 1.5 L than in
those with OH < 1.5 L (P < 0.001) (Table 2).
Serum albumin was lower in patients with SCOH
> 1.5 L compared to those with OH < 1.5 L.
Interestingly, no differences in all tested vari-
ables were observed between patients with
COH > 1.5 L and those with SCOH > 1.5 L (Table
2). This notable finding suggests that the
impact of SCOH seem to be similar to the
adverse effects of COH on blood pressure, sys-
temic inflammation and LVM. This emphasizes
the need for accurate assessment of the hydra-
tion status before the onset of clinical manifes-
tations of the fluid excess.

OH was positively and significantly correlated
with blood pressure, plasma BNP, hsCRP and
IL-6 levels. Serum albumin was negatively cor-
related with the OH. LVMI was positively corre-
lated with the OH (Figure 2).

Int J Clin Exp Med 2015;8(4):5890-5896
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260
B Patients with OH < 1.5L

240 | @ Patients with COH 2 1.5L

® Patients with SCOH 2 1.5L

220
p<0.001
r=0.76

200

180

g

LVMI (gim?)
8

120

tional PD solutions [22-24].

° These effects increase fluid

accumulation and aggravate

i the OH leading to the develop-
ment of LVH [6-11, 13].

° Due to the poor prognosis of
over-hydrated PD patients,
and consequent to the fact
that OH can be modified by
available treatment strate-
gies, periodic assessment of
the hydration status using
accurate BIS methods is nec-
essary to detect sub-clinical
fluid excess. These strategies
should also include reduction
of dietary salt and fluid intake,
the addition of loop diuretics

2 K] 0 1 2 3 4
Fluid load (L)

Figure 2. The correlation between the hydration status (fluid load) and left
ventricular mass index (LVMI). OH = over-hydration, COH = clinical OH, SCOH
= sub-clinical OH. The results revealed a positive and significant correlation

between the OH and LVMI.

This study suggests that, even in the absence
of clinical signs, SCOH is a common finding
among patients on maintenance PD and may
contribute to the development of LVH in this
population. The contribution of SCOH to LVH
may occur through several possible mecha-
nisms. First, OH is considered an essential
cause of elevated blood pressure in dialysis
patients [8-11], and hypertension is recognized
as associated with the development of LVH [12,
13]. Second, OH is also considered an essen-
tial cause of elevated plasma BNP [8-11].
Plasma BNP is considered a cardiac biomarker
related to LVH, atherosclerosis and CV disease
in PD patients [8-10, 13]. Third, OH stimulates
the inflammatory process and chronic inflam-
mation is considered a powerful predictor of
the development of LVH and CV disease in PD
patients [8-11, 14, 15]. Fourth, OH necessi-
tates the utilization of higher concentrations of
glucose based dialysis solutions, leading to
higher PGLI as it was detected in the patients
of this study with OH > 1.5 L. The glucose load
contributes to cumulative damage caused to
the peritoneal membrane due to long-lasting
exposure to glucose, glucose degradation prod-
ucts (GDPs), advanced glycation end products
(AGEs), and the non-physiological pH of conven-
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and assessment of inflamma-
tory status. All these CV risk
factors should be identified
and treated as early as possi-
ble, even if they are sub-clini-
cal, before significant CV com-
plications develop. Current
techniques in PD enable achievement of ade-
quate fluid removal, blood pressure control and
attenuation of the inflammatory process.

The present study highlights the highly preva-
lent SCOH among PD patients and its contribu-
tion to the development of LVH. Identifying rel-
evant patients and modifying OH may contribute
to better PD patient outcomes. The contribu-
tion of OH to the development of LVH renders
BIS as a simple measurement that represents
a potential therapeutic method for the detec-
tion of SCOH in PD populations. Periodic moni-
toring of hydration status using BIS enables
physicians to detect SCOH and to perform real-
time interventions to decrease the fluid excess
and to prevent the development of LVH. This
approach to the sub-clinically over-hydrated PD
patients may contribute to the improvement of
their outcomes.

Limitations

The present study was conducted in one medi-
cal center and included a relatively small num-
ber of patients. Additional and larger multi-cen-
ter, randomized control trials are needed to
establish the prevalence and impact of SCOH
in the development of LVH in PD patients.

Int J Clin Exp Med 2015;8(4):5890-5896
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Conclusion

SCOH is highly prevalent among PD patients
and may contribute to the development of LVH.
Considering the poor prognosis associated with
over-hydrated PD patients, periodic assess-
ment of hydration status using accurate BIS is
suggested.
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