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Corresponding Author ABSTRACT

Sami Evirgen Aim: Hypervolemia is a common problem in hemodialysis (HD) patients. Because reaching to optimal
dry weight (DW) is difficult. Chronic volume overload causes left ventricular hypertrophy. Therefore,
risk of cardiovascular events is very high. High pulse pressure is an indicator of aortic stiffness, an
independent risk factor for cardiovascular mortality. Pulse pressure has a strong correlation with systolic
blood pressure and thus with myocardial infarction in hypertensive HD patients. Aim of this study is to
investigate the relationship between pulse pressure (PP) and hypervolemia.
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Material and Methods: Seventy (28 male (40%), 42 (60%) female) chronic HD patients with an average
of age 48 + 12 were enrolled. All patients underwent HD 3 times weekly were included. Fluid status
[Total Body Water (TBW), ECW and Intracellular Water (ICW) values] was assessed twice (beginning
and end of the HD) in HD patients with the body composition monitor (BCM). And blood pressure was

Received measured simultaneously. Before and after hemodialysis, the weight of the patients was measured and

23.06.2021 recorded.

Revision Results: At the beginning of HD, Extracellular Water (ECW) / body weight (BW) (%) was associated
14.11.2021 systolic blood pressure (SBP) and PP measured simultaneously (P=0.021, P=0.057 respectively).
Accepted There was no association between diastolic blood pressure with hypervolemia and PP.

15.11.2021 Conclusion: If patients have hypervolemia especially in the interdialitic period, they have prolonged

exposition to cardiovascular risk factors, because hypervolemia is corralated with SBP and PP as well.
Both of them are strongly associated with cardiovascular events. Removal of adequate fluid to obtain
optimal dry weight causes decrease of systolic and pulse pressure proportionally.
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Amag: Hipervolemihemodiyaliz hastalarinda yaygin bir problemdir. Glinki optimal kuru agirhgi belirlemek
zordur. Kronik voliim ytiklenmesi sol ventrikil hipertrofisine yol acar. Bu ylizden kardiyovaskiler hastalik
goérilme orani yiksektir. Yiuksek nabiz basinci aortik sertlesmenin bir gdstergesi ve kardiyovaskuler
mortalite icin bagimsiz bir risk faktoridur. Hipertansif hemodiyaliz hastalarinda nabiz basinci tek basina
sistolik kan basincina gére miyokard infarktlsu olusum riski icin daha guglu bir risk faktértdir. Bu
calismanin amaci her ikisi de kardiyovaskiler hastalik icin risk faktdri olan hipervolemi ile nabiz basinci
arasindaki iliskiyi incelemektir.

Gerec ve Yontemler: Ortalama yaslar 48 + 12 olan 70 (28 erkek (%40), 42 kadin (%60)) kronik
hemodiyaliz hastasi ¢alismaya dahil edildi. Tim hastalar haftada 3 glin hemodiyalize giriyordu. Viicut
kompozisyonu monitéri (BCM) ile HD hastalarinda sivi durumu (Total Vicut Sivisi, Ektrasellller sivi ve
intraselltler sivi degerleri) iki kez (HD’nin baslangici ve bitisi) degerlendirildi ve ayni anda kan basinglari
Slculdu. Diyaliz éncesi ve sonrasi kilo dlctimleri yapildi ve kayit edildi.
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Bulgular: Diyalizin girisindeki Ekstraselliller Sivi (ESS) / Vucut Agirhigi (VA) (%) ile sirasiyla giris sistolik kan basinci ve nabiz basinci arasin-
da anlamli korelasyon bulundu (P=0.021,P=0.057 ). Diyastolik kan basinci ile nabiz basinci ve hipervolemi arasinda bir iliski saptanmadi.

Sonug: Interdiyalitik periyotta hastalarin hipervolemik olmasi kardiyovaskiiler risk faktérlerine uzamis maruziyete neden olur. Giinki
hipervolemi ile nabiz basinci ve sistolik kan basinci arasindaki iligki bilinmektedir. Bu yizden hastalarin kuru agirhgmin dogru hesaplanmasi
ile yeterli sivinin ultrafiltrasyonla ¢ekilmesi saglanabilir ve NB ile SKB’da orantili azalmaya yol agarak kardiyovaskdler olaylar azaltilabilir.

Anahtar Sozciikler: Nabiz basinci, Hipervolemi, Hemodiyaliz

INTRODUCTION

Cardiovascular diseases are the most important and com-
mon cause of mortality and morbidity in end-stage renal
disease (ESRD) patients (1). Vascular changes, including
atherosclerosis and arteriosclerosis, contribute to increased
cardiovascular mortality in this population (2,3). Atheroscle-
rosis is associated with increased arterial intima-media thick-
ness leading to luminal obstruction with ischemic events.
Arteriosclerosis results in arterial stiffening, increased pulse
wave velocity (PWV), systolic blood pressure (SBP), and
pulse pressure (PP), leading to left ventricular hypertrophy
(LVH) and reduced coronary perfusion (4,5). Hypertension
(HT) is an important issue in CVD. ECW increase plays a
role in the pathogenesis of HT, which is closely related to
body sodium. In addition, the significant relationships have
been found between hypervolemia and left ventricular
hypertrophy (LVH) in ESRD patients. Compared to Chron-
ic Renal Failure (CRF) patients receiving antihypertensive
drugs, cardiovascular mortality and morbidity was found to
be reduced when tight volume control was performed. It is
known that 60-80% of chronic HD patients are hyperten-
sive. (6). Blood pressure cannot be controlled with antihy-
pertensive drugs in most of these patients. (7,8). In most HD
patients, hypertension occurs due to volume burden, and
this situation can be corrected by ultrafiltration (UF).

PP have been associated with high risks of cardiovascu-
lar events, all-cause mortality, and cardiovascular death
in patients on Maintenance Hemodialysis (MHD) (9,10). In
another study, reduction in PP with HD was shown to be
associated with improved survival (11).

In this study, we aimed to evaluate the relationship between
hypervolemia and pulse pressure (PP), which contributes to
cardiovascular mortality in HD patients exposed to chronic
hypervolemia, since DW could not be determined clearly.

MATERIAL and METHODS

In this study, 70 patients who were on a standard chronic
HD program 3 times a week for a total of 12 hours were
examined. Exclusion criteria are as follows: People under
18 and over 65 aged, those with pacemakers or prostheses
placed in any part of the body, Those who have amputation
in any of their limbs, malnourished patients ( < 15 kg/m2 ),

Patients who do not sign the informed consent form, Those
who are pregnant, those with AV fistula in both extremities,
Those with end-stage liver and lung failure. Twenty-eight of
the patients were men and 42 were women. Patients were
on dialysis with the 4008S series Fresenius Medical Care
dialysis machine. Average dialysate sodium was 133 mmol
/'L, dialysate flow rate was 500 ml/ min, and blood flow rate
was 300-400 ml / min. Electrodes were placed on the dor-
sal side of the wrist and metacarpophalangeal joints of the
non-fistula arm of the patients lying on the dialysis bed, and
on the dorsal faces of the ipsilateral ankle and metatarso-
phalangeal joints. The same electrodes were used in each
measurement.

After examining the arterial tension of the patients, age,
height, gender, entrance weight, entrance tension and tar-
geted UF amounts are entered on the BCM (Body Compo-
sition Monitor Fres. Med. Care, Germany 50 frequency 5
kHz-1 MHz) and TBW, ECW and ICW values were meas-
ured before dialysis. At Thirty minutes after dialysis, the
patients’ arterial tension and body weights were measured,
and TBW, ECW, ICW values were measured again with
BCM. The duration of the study was three weeks.

Statistical Analysis

All analyzes were performed using the SPSS 16.0 statisti-
cal software package. Continuous variables in group data
were expressed as mean + standard deviation (mean =
SD). Categorical variables were given with numbers and
percentages. Parametric tests were used in the analysis of
continuous variables, since the distribution of all continu-
ous variables was normal. Student t test and analysis of
variance were used for continuous variables in paired com-
parisons between groups. Paired samples t test was used
to compare the values of within-group variables before and
after dialysis. Chi-square test was used for comparison of
categorical variables. Pearson correlation analysis was
used to examine the relationship between continuous vari-
ables. The Statistical significance level was set to p <0.05.

RESULTS

The demographic characteristics of 70 patients included in
the study are presented in Table 1. The mean age was 48
+ 12 (years). Seventy (28 male (40%), 42 (60%) female).
Distribution of ESRD in terms of etiology; hypertension 20
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Table 1: Demographic characteristics of patients

Demographic, clinical and HD group
laboratorial parameters (n=70)
Age (years)

Mean+SD 48 £12
Gender (M/F) [n (%)] 28 (40) / 42 (60)
BMI (kg/m?)

Mean+SD 28+6

Median (min-max)

27.2 (18-46.4)

Dialysis time (months)

Mean+SD 57 £42

Median (min-max) 59 (12-102)
Hypertension [n (%)] 33 (47)
Diabetes Mellitus [n (%)] 12 (17.1)
Sistolic BP (mmHg)

Mean+SD 142 + 26

Median (min-max)

140 (90-205)

Diastolic BP (mmHg)

Mean+SD 8114

Median (min-max) 80 (50-120)
Pulse Pressure (mmHg)

Mean+SD 61 + 21

Median (min-max)

59.5 (20-119)

Kt/V

Mean+SD 1.76 £ 0.35

Median (min-max) 1.78 (1.14-3)
Hemoglobin (g/dL)

Mean+SD 12.2+1.29

Median (min-max)

12.2 (9.67-15.4)

Hematocrit (%)
Mean+SD
Median (min-max)

353+3.8
35.1 (28.3-46.3)

BUN (mg/dL)
Mean+SD
Median (min-max)

123 + 26
124 (62-187)

Creatinine (mg/dL)

Mean+SD 83+20

Median (min-max) 8.3 (4.9-14.3)
Sodium (mmol/L)

Mean+SD 137 +25

Median (min-max)

137 (132-143)

Calcium (mg/dL)

Mean+SD 9.1+0.7

Median (min-max) 9.1 (6.5-10.8)
Phosphorus (mg/dL)

Mean+SD 49+1.3

Median (min-max) 5(2.1-8.2)
Albumin (g/dL)

Mean+SD 4.14 +0.31

Median (min-max) 4.1 (3.6-4.8)
hs-CRP (mg/L)

Mean+SD 6+1.1

Median (min-max) 5.9 (3.4-8.8)

BMI: Body mass index, BP: Blood pressure, BUN: Blood urea
nitrogen, hs-CRP: High sensitivity C reactive protein, Kt/V: K: Urea
clearance of dialyzer, t: time, V: Volume of distribution of urea.

Table 2: Comparison of HD input and output values of variables
associated with hemodialysis

Pre-dialysis Post-dialysis P

Weight (kg =+ ss) 71+16 67 +15 <0.001
SBP (mmHg +ss) 142 £ 26 114 + 21 0.001
DBP (mmHg =+ ss) 8114 67 £ 14 <0.001
PP (mmHg + ss) 6121 47 £13 0.018

31.8+7.2 29.3+6.8 <0.001
ECW (litre + ss) 15.5+3.2 12.8+2.7 <0.001
ICW (litre  ss) 16.3 +4.3 16.5+4.5  <0.001
TBW / BW (% =+ ss) 457 +7.6 441 +7.6 <0.001
ECW /BW (% = ss) 222+29 19.2+25 <0.001
iICW/BW (% +ss)  23.4%5.1 249+56 <0.001

SBP: Systolic blood pressure, DBP: Diastolic blood pressure,
PP: Pulse pressure, TBW: Total body water, ECW: Extracellular
fluid, ICW: Intracellular fluid, BW: Body weight.

TBW (litre + ss)

(28.5%), glomerulonephritis 12 (17.1%), diabetes mellitus 9
(12.8%), chronic stony pyelonephritis 3 (4.28%), polycystic
kidney disease 2 (2.85%), and 24 (34.2%) with unknown
etiology. A total of 33 patients were hypertensive (> 140/90
mmHg or using antihypertensive drugs). Eleven of them
were using antihypertensive drugs (7 beta-blockers, 3
ACE inh. And 1 calcium channel blocker). Twelve patients
(17.1%) were diabetic. Average dialysis time was 57 + 42
months. The mean dialysis entry SBP of the patients was
142 + 26 mmHg and the mean entry NB was 61 + 21 mmHg.

The average input and output values of the variables asso-
ciated with is presented in Table 2.

As shown in Figure 1, there was a significant correlation
between the percentage of the patients’ ECW input value to
pre-dialysis body weight (BW) (ECW input / BW input (%))
and SBP input (p=0.021). But the relationship between the
ECW input / BW input (%) value and the PP input value was
found to tendency towards significant (p = 0.057). This was
a finding proving the relationship between hypervolemia
and SBP and PP. The significant relationships between
TBW / BW (%) and ICW / BW (%) to SBP input and PP
input were not be found respectively (p=0.172-p=0.508,
p=0.466,p=0.922). There was a significant relationship
between SBP input and change of PP (APP) (p <0.001)
(Figure 2).

DISCUSSION

HD is the most commonly used renal replacement therapy
in our country and in the world. One of the most common
problems encountered in HD patients is that DW cannot be
calculated precisely. As a result, inadequate UF can cause
chronic hypervolemia in HD patients (12-16). This leads
to an increase in blood pressure, which is an independent
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Figure 1: Relationship between ECW input / BW input (%) and SBP input and PP input (p=0.021, r=0.275, p=0.057, r=0.228,

respectively).
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Figure 2: Relationship between SBP input and PP change
(APP) (p<0.001, r=0.666).

risk factor for CVD in patients. (17-19). In this study, we
assessed the clinical relevance of BIA in hemodialysis and
found that hypervolemia assessed by BIA was associated
with ECW input / BW input (%) and SBP input and PP input.
Another evidence of these findings that in this study, we
have shown that there is a statistically significant difference
between the APP and SBP input as a result of removal of
fluid from patients with hemodialysis.

In previous studies, the BIA method has been recom-
mended for the assessment of the amount of fluid in body
compartments (20-29). Fagugli et al. (30) examined the rela-
tionship between hypervolemia and HT and LVH using BIA
measurements. They reported a strong correlation between

hypervolemia and BP, and more importantly, a positive cor-
relation between ECW and left ventricular mass index.

In a multicenter study conducted by Klassen et al. on
44,069 patients in HD patients, they found a very signifi-
cant relationship between increased pulse pressure and
increased mortality risk (31). Calculation of optimal DW is
important to reduce CVE rates in HD patients. However
this goal is not achieved in most dialysis centers beause
the clinical parameters used to estimated DW are subjec-
tive and often unreliable. Kalainy et al. (32) reported that
fluid volume expansion or contraction could not be reliably
identified by clinical parameters, except that edema predict-
ed fluid volume expansion. This study shows that BIA can
assist to determine volume status. Many studies mention
the benefits of using BIA in calculating dry weight in HD
patients (33-38). In one study, it has been shown that pos-
itive results can be obtained on long-term surveillance in
HD patients by preventing hypervolaemia and keeping PP
at optimal levels after HD (39). Hong et al. (40) showed that
strict volume control based on repeated measurements of
bioimpedance spectroscopy allow to control hypervolemia
and could reduce overhydration-related morbidity and mor-
tality. In a study from our center, Erdan et al. (41), showed
that volume control may improve not only the aortic blood
pressure measurements but also arterial stiffness in hemo-
dialysis patients.

In this study, the proportion of diabetic patients in the
patients is less than expected. there may be criticism about
this. However, since this study is a single-center study, the
data of this population are presented.

In conclusion, despite technological advances in dialysis
therapy, cardiovascular instability is still a major problem. In
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recent years, new strategies such as hemofiltration, hemo-
diafiltration, sodium and UF that can provide good hemod-
ynamic tolerance have been developed in controlling ECW.
The increased PP is due to an increase in volume and
SBP. In this case, sufficient UF should be done by accu-
rately determining the dry weight of HD patients who may
be hypervolemic, even if they are asymptomatic. Thus, they
should be protected from the volume load caused by sodi-
um and fluid intake in the pre-dialysis period, and thus from
the negative effects of PP and SBP, which are independ-
ent risk factors of cardiovascular mortality. Due to the close
relationship between sodium and water, restricting the sodi-
um intake of patients is important in preventing increases
in SBP and PP during interdiallytic and prediatric periods.
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