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Abstract

Introduction: Interdialytic weight-gain (IDWG) has been linked to various
complications in hemodialysis (HD) patients. Method: Prospective clini-
cal-observational study to evaluate the effect of IDWG in HD patients on the
rate of hospital admissions over a 12-month period, and the impact of high
IDWG on the frequency of IDH. Results: Of the 240 patients, those who had
IDWG = 4%, 81% had at least one hospital admission due to volume-overload
or the need for extra HD-session(s). On the other hand, only 19% of those
having IDWG < 4% had been admitted or got extra HD sessions (p < 0.001).
Of those who were admitted (over 12 months) due to volume overload; 74.1%
had IDWG = 4%, while 25.9% had IDWG < 4% (p < 0.001). Regarding IDH,
87% of patients having IDWG = 4% had at least one episode of IDH/week.
On the other hand, only 22.5% of those with IDWG < 4% had one episode of
IDH/week (p < 0.001). When analyzing those who had at least one IDH epi-
sode/week; 72.9% of them had IDWG > 4%, while only 27.1% had IDWG <
4% (p < 0.001). Conclusion: In HD patients, the frequency of hospital admis-
sion due to volume-overload and the need for extra HD-sessions is strongly
related to the amount of IDWG (>4% in our patients), the same stands for the
frequency of IDH. Thus, control of IDWG in HD patients is of great impor-
tance, keeping in mind the importance of the nutrition status of HD patients
that may also impact IDWG.

Keywords
Interdialytic Weight-Gain, Hemodialysis, Hospital Admissions, Intradialytic
Hypotension
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1. Introduction

The Gulf Cooperation Countries (GCC) has a relatively young population pla-
gued with diabetes, hypertension, and obesity. The prevalence of dialysis in this
region is high with diabetes being responsible for more than half of the cases.
Hemodialysis is the preferred modality for most patients. It shows a low preva-
lence of blood-borne viruses (HBV, HCV, and HIV). Cancer rates in this region
are low. Patients’ reported quality of life in the GCC is comparable to other di-
alysis outcome practice pattern study (DOPPS) regions [1] [2] [3].

Interdialytic weight gain (IDWG) has been linked to various complications in
hemodialysis (HD) patients, especially cardiovascular (CV) complications [4].
High ultrafiltration (UF) rate in relation to dialysis time has also a similar im-
pact in various studies [5] [6]. Furthermore, high IDWG has been associated
with all-cause and CV mortality [2] [7]. End-stage kidney disease (ESKD) is be-
coming a major concern to health systems as the cost is getting higher. In Oman,
almost one percent of the population has severe kidney dysfunction [8]. There
are 24 HD centers in Oman that are working 24 hours a day to enable the provi-
sion of dialysis care to more than 2000 patients with ESKD in various geograph-
ical areas [8] [9] [10] [11].

Objective assessment of fluid overload is a predictor of mortality in patients
having chronic kidney disease (CKD) stages 4 and 5 patients [12]. Therefore, di-
alysis institutes have adopted various approaches to reduce IDWG among HD
patients. These include dietary sodium and fluid restriction, appropriate dialysis
duration with suitable UF rate, and adjusting dialysate sodium concentration.
The recommended IDWG among HD patients varies in different guidelines; for
example, the European best practice guidelines (EBPG) recommends that IDWG
should not exceed 4% - 4.5% of the dry weight [13].

In our center, we have recorded many cases with high IDWG who suffered
from various symptoms necessitating hospital admission due to systemic volume
overload or, at least, having one or more extra hemodialysis session(s) in addi-
tion to the already established dialysis schedule. We have also noticed frequent
episodes of intradialytic hypotension (IDH) in those having high IDWG.

In view of the above, we investigated the trends of IDWG in patients on regu-
lar HD in the Royal hospital—dialysis center in Muscat, and our aims of this
study were to examine: 1) trends of IDWG in our patients in relation to different
variables and comorbidities, e.g., age, hypertension, diabetes, CV disease, etc.; 2)
associations of high IDWG with a frequency of hospitalization to systemic vo-
lume overload and the need for extra dialysis sessions; and 3) the impact of high
IDWG on the frequency of IDH.

2. Subjects and Methods
2.1. Study Design

This was a 12-month, prospective, observational study that was conducted at the
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hemodialysis center—Royal hospital in Muscat. The study was carried out in
accordance with the principles contained in the declaration of Helsinki and was
approved by the local ethics committee of the ministry of health of the Sultanate
of Oman. The primary end points of this study were to evaluate the effect of
IDWG in HD patients on the rate of hospital admissions over a 12-month pe-
riod, and the impact of high IDWG on the frequency of IDH. The secondary end
points of the study were to evaluate the trends of IDWG in chronic HD patients
in relation to different variables and comorbidities, and to evaluate the impact of
various risk factors on the IDWG in HD patients.

The inclusion criteria:
e Patients on regular HD thrice weekly.
¢ Those who had been on regular dialysis for at least 3 consecutive months be-

fore enrollment.

e Dialysis session duration of 4 hours.

Exclusion criteria:

Patients having HD schedules other than thrice weekly.
Those who had been on HD for less than 3 months.

Patients having HD for less than 4 hours per session.
The inclusion criteria included the following: patients on regular HD thrice
weekly, for at least 3 consecutive months before enrollment. Those with a sche-
dule other than thrice weekly were excluded and those on HD less than 3 months.
There was no age restriction. Patients were recruited consecutively (over 3 suc-
cessive sessions) by each investigator in the HD unit. Data were collected for the
computer-based system “Alshifa 3 plus”. Recruitment period had been opened
for 12 months. Patients who were recruited in the study were recorded in a spe-
cific patient’s log form to ensure privacy of their data all over the study. Oral in-

formed consent was obtained from all subjects.

2.2. Subjects

The study included 240 patients with ESKD on regular HD. All patients had
been receiving HD for at least 3 months. HD sessions were performed based on
4 hours thrice weekly. The data collected included; age, gender, duration on HD
(in months), pre- and post-HD body weights (on 3 successive sessions), pre- and
post-HD blood pressure (BP) measurements (on 3 successive sessions), the type
of vascular access and the average blood flow rate, dialysis efficiency (based on
average Kt/V), and the presence or absence of residual kidney function.

The presence of various comorbidities has been recorded including diabetes,
hypertension, coronary artery disease (CAD), peripheral vascular disease (PVD),
heart failure (HF), cerebrovascular disease (CVD), and other CV disorders. Also,
we recorded any diagnosed neurological or pulmonary disorder. Laboratory data
included serum creatinine, serum albumin, and hemoglobin level. The number
of antihypertensive medications and the dose of diuretics were also recorded if

regularly prescribed for any patient.
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2.3. Assessment and Calculation of IDWG, Average Blood Pressure,
and IDH

The estimated IDWG was calculated based on the average between pre- and
post-dialysis weights that were recorded on 3 consecutive dialysis sessions. The
estimated IDWG was expressed in kilograms and as a percentage of the patients’
dry weight. We have noticed more hospital admissions and complications for
those having IDWG 4% to 4.5% of their dry weight. Also, the mean average
IDWG among the study population was 2.9 + 1.7 kg that is equivalent to 4.1% +
1.9% (see below in the results). Therefore, we considered an estimated average
IDWG of 4% as a cutoff value when evaluating IDWG in our patients. The fol-
lowing formula was used in the study:

IDWG = {Pre-dialysis weight — Post-dialysis weight (of the prior session)} +
Dry weight x 100. The result is expressed as a percentage of the dry weight.

Similarly, the average blood pressures were calculated based on the average
blood pressure readings pre- and post-dialysis on the same 3 consecutive ses-
sions. We defined IDH as the drop of systolic blood pressure of 20 mmHg or
more during HD compared to the pre-dialysis blood pressure and/or systolic

blood pressure that is less than 90 mmHg.

2.4. Statistical Analysis

Statistical analysis was done using IBM SPSS® Statistics version 22 (IBM® Corp.,
Armonk, NY, USA). Numerical data were expressed as mean and standard devi-
ation or median and range as appropriate. Qualitative data were expressed as
frequency and percentage. Pearson’s Chi-square test or Fisher’s exact test was
used to examine the relation between qualitative variables. Comparison between
two groups was done using either Student t-test for normally distributed quan-
titative data or Mann-Whitney test (non-parametric t-test) for not normally dis-
tributed quantitative data. Spearman-rho method was used to test correlation
between numerical variables. All tests were two-tailed. A p-value < 0.05 was con-

sidered significant.

3. Results

The demographic and laboratory data are shown in Table 1. The study included
240 HD patients; of them 65% were males while 35% were females. All of them
had a dialysis schedule of 4-hours, thrice-weekly HD sessions. The majority of
the patients (84.2%) had an arteriovenous fistula (AVF) as a dialysis access, 4.2%
had an arteriovenous graft (AVG), while 11.7% had HD via a tunneled venous
catheter.

All the patients completed the study. There were no mortalities during the
12-month enrollment period of the study. The mean age of the patients was 50.4
* 15.0 years, with a median of 54.5 years. Comorbidities are shown in Table 2.

The mean duration on HD was 84.5 + 64.3 months, with a median of 66.6

months. The mean systolic and diastolic blood pressures were 151.4 + 20.1 mmHg
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and 76.0 = 13.7 mmHg, respectively. Regarding dialysis adequacy, the mean
Kt/V was 1.4 £ 0.2, and the mean blood flow rate was 277.2 + 38.6 ml/min. The
mean average IDWG was 2.9 + 1.7 kg that is equivalent to 4.1 £ 1.9% of the dry
weight. We have recorded that 40.2% of the patients had at least 1 episode of
IDH per week.

The mean number of episodes of IDH among all patients was 0.7 £ 0.9 epi-
sode/week. The mean number of IDH episodes among those of developed IDH
was 1.5 * 0.7 episode/week, with a median of 1.0 episode/week. Forty five per-
cent of the patients needed one or more extra HD session or hospital admission
due to volume overload/year. Almost half of the study population (49.2%) had

no residual function with anuria.

Table 1. Demographic and laboratory characteristics of the study population.

Parameter Value

Age 504 % 15.0

Duration on hemodialysis (in months) 84.5 + 64.3
Mean inter-dialytic weight gain (in kg) 29+1.7
Mean inter-dialytic weight gain percentage 41+19
Intra-dialytic hypotensive episodes/week 0.7+0.9
Mean kt/V 14+0.2

Mean blood flow rate, ml/minute 277.2 +38.6
Mean admission rate due to volume overload per year 22+1.2
Hemoglobin, g/dL 109+13
Serum albumin, g/L 38.8+4.5

Serum creatinine, ug/dL 871 £257.5

IDH is the drop of systolic blood pressure of 20 mmHg or more during HD compared to the pre-dialysis
blood pressure and/or a systolic blood pressure that is less than 90 mmHg.

Table 2. Frequency of various comorbidities among the study population.

Comorbidity Prevalence in the study population
Diabetes mellitus 45.8%
Hypertension 75.8%
Coronary artery disease 22.5%
Congestive heart failure 7.5%
Other cardiovascular diseases 11.7%
Cerebrovascular disease 5.0%
Peripheral vascular disease 13.3%
Chronic pulmonary disorders 9.2%
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We have recorded that 50.0% of those younger than 55 years had IDWG =
4%. On the other hand, only 31.7% of those aged 55 years or more had IDWG 2
4% (p = 0.041). There was no significant gender difference regarding IDWG.
Among those who had IDWG = 4%, 81% of these patients had at least one hos-
pital admission due to volume overload or the need for extra HD session(s). On
the other hand, only 19% of those having IDWG < 4% had been admitted or got
extra HD sessions (p < 0.001). Of those who were admitted (over 12 months)
due to volume overload (Figure 1); 74.1% had IDWG = 4%, while 25.9% had
IDWG < 4% (p < 0.001).

Regarding IDH, 87% of patients having IDWG > 4% had at least one episode
of IDH/week. On the other hand, only 22.5% of those with IDWG < 4% had one
episode of IDH/week (p < 0.001). When analyzing those who had at least one
IDH episode/week (Figure 2); 72.9% of them had IDWG = 4%, while only 27.1%
had IDWG < 4% (p < 0.001). Other comorbidities (such as diabetes, hyperten-
sion, CV disease, and other disorders mentioned above) had no significant im-
pact on the rate of hospital admission due to volume overload. Similarly, anemia
and absence of residual kidney function had no statistically significant impact on
admission rates.

M < 4% weight gain > 4% weight gain
100%

90%

80% 74.1%
70%
60%
50%
40%
50 25.9%
20% 13.6%
10%
0%

Figure 1. It shows the percentage of admitted patients due to volume overload
classified according to Interdialytic weight-gain (IDWG).

86.4% P <0.001

M < 4% weight gain B> 4% weight gain
100%

90.2% P <0.001
90%
B 72.9%
70%
60%
50%
40%
30% 27.1%
20%
9.8%

10%

0%

No hyotension Hypotension

Figure 2. It shows the rate of intradialytic hypotension (IDH) among the
study population related to Interdialytic weight-gain (IDWG).
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4. Discussion

This study evaluated the impact of IDWG on the rate of hospital admissions due
to volume overload and the frequency of IDH. Studying the target IDWG is of
great importance because excessive IDWG has been linked with unfavorable
clinical consequences [14] [15], and is considered an independent predictor of
all-cause and cardiovascular mortality in patients undergoing long-term HD
[16]. In addition, IDWG is associated with increases in blood pressure and left
ventricular hypertrophy; both of which can increase the risk of CV mortality in
patients with ESKD. Furthermore, IDWG is an indicator of non-adherence to
dialysis therapy, which is considered a significant predictor of mortality and
hospitalization among HD population [17].

In most cases, ESKD patients are entirely dependent on the dialysis procedure
for fluid removal. In fact, greater volumes of retained fluid increase cardiac fill-
ing pressures and predispose patients to left ventricular strain, pulmonary ede-
ma, and high blood pressure. In addition, because dialysis treatment time is es-
sentially fixed for all patients, greater IDWG implies a greater rate of fluid re-
moval during dialysis (ie., ultrafiltration), which is associated with hemody-
namic instability with increased morbidity and mortality [18].

Factors affecting IDWG significantly include the amount of oral fluid intake,
dietary sodium, inadequate ultrafiltration (e.g., due to hypotension), diuretic
use, and inappropriate dialysis prescription (e.g., unsuitable sodium profiling). It
is worth noting that IDWG is related to the amount of food, fluid, and salt in-
take. Hence, researchers reported a significant positive correlation between
IDWG and nutritional markers, which include the body mass index (BMI),
normalized protein catabolic rate (nPCR), serum albumin, and creatinine [19]
[20] [21] [22] [23]. This should be also considered during follow up of HD pa-
tients, as not all weight gain is only attributed to fluid intake. Dietary modifica-
tion is one of the most important factors for controlling and reducing IDWG.
Patients on regular HD should be instructed to limit oral fluid intake and so-
dium restriction. It is the duty of the dietitian and all staff members of the dialy-
sis facility to continuously monitor the patients’ nutritive status and fluid status.
Not all chronic dialysis patients are compliant, and thus, repeated advice is rec-
ommended.

Furthermore, proper dialysis prescription has a direct impact on IDWG. This
includes adequate UF, sodium profiling and dialysis time. The use of oral di-
uretics can be of value in patients on regular HD with residual urine output.
Higher doses of loop diuretics are often needed (e.g., frusemide 80 - 120 mg
BID).

Many reports, such as that by Karmer et a/, stated that high UF rates had been
associated with increased mortality, and that limiting UF rates might be the way
to improve the clinical outcomes [24]. They also stated that a policy establishing
a UF rate limit could increase the risk for unintended consequences, including

complications related to long-term volume overloads such as increased blood
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pressure and heart failure. They, in addition, advocated that probably for many
patients, increasing HD session length or adding additional sessions will be re-
quired to avoid high UF rates, which may be an unpalatable prospect for many
patients [24].

The health system in Oman is very good and it’s free for all its citizens and
was well appraised by the world health organization report [25] [26]. All citizens
are provided with the necessary means to proper health care. However, in our
patients, prescribing an additional dialysis session was refused by some patients,
as this represented an extra burden for the patient and his family. Behavioral
changes, including moderation of salt and fluid intake have shown to be an ef-
fective measure in this regard. This was also the recommendation by Kermer et
al, and they considered this an effective preventive approach.

In view of a high prevalence of non-communicable disease and high early
CKD population, there is an important need to consider comprehensive man-
agement strategies that involve the blockage of high renin-angiotensin-aldosterone
and the use of mineral corticosteroid receptor blockers [27]. A study by Bom-
back et al. found a shift of the volume-aldosterone curve in the HD population
suggesting that ESKD is a state of high volume and inappropriately high aldos-
terone [28]. The study concluded that the volume-aldosterone relationship has
an important clinical significance, as dialysis patients may benefit from both vo-
lume reduction and mineralocorticoid receptor blockade [29].

Analysis of the “Frequent Hemodialysis Network Trials” concluded that re-
duction in volume and sodium overload in HD patients may beneficially reduce
left ventricular mass, which has been previously increased due to fluid loading
and hypertension [30].

Determining whether the association between IDWG and mortality varies by
diseases, comorbidities (e.g. heart failure), or nutritional status as mirrored by
various parameters (e.g. serum albumin). The HD staff’s duty is to advise pa-
tients and their family members of their individual risk of IDWG based on the
patients’ conditions and aid in dietary counseling and control of other risk fac-
tors such as hypertension [31].

The target of ideal IDWG in HD patients varies among studies and various
guidelines. For example, the international DOPPS study showed that IDWG >
5.7% versus < 5.7% was associated with higher mortality [32]. Other studies in
the USA showed that IDWG > 2.3% versus < 2.3% and IDWG > 5.7% versus <
5.7% were associated with higher mortality (HR 1.12 and 1.35, respectively) [33].
In the present study, IDWG (24% vs. <4%) was associated with no mortality
among our patients over a one-year study period. Long-term follow-up is, thus,
recommended for further evaluation. Variation in mortality rates can also be attri-
buted to different demography, different dialysis practices, variable socio-economic
status, various degrees of IDWG categories, and other comorbidities.

High IDWG is a potentially modifiable risk factor for adverse clinical out-

comes and hospital admission. It is challenging for the patient, in most cases, to
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limit his/her oral fluid intake and control thirst sensation. We have advocated
various approaches to deal with this including health education of patients, fam-
ily and social support, and dietary counseling by a specialized dietitian. Certain-
ly, a higher IDWG can serve as a positive marker of food intake, for the satisfac-
tion of energy and protein demands, and this may be associated with increased
oral fluid intake leading to a higher IDWG. Thus, the HD population should be
continuously advised to limit the intake of salt and foods high in sodium, to en-
hance thirst control, favoring the lower fluid intake and IDWG [34].

Patients with ESKD on HD primarily have osmometric thirst due to oral salt
intake. However, during HD, diffusive sodium transfer may occur. Just after the
HD, patients may also experience volumetric thirst due to hypovolemia because
of UF and fluid depletion [35]. Both, dietary and dialytic sodium restriction can
possibly hinder volume overload in the HD population according to some stu-
dies [36].

According to the European Best Practice Guidelines (EBPG), Fluid intake
should not be necessarily adjusted for age, weight, gender, or body composition
[13]. The guideline suggested 0.5 to 1 liter of oral fluid/day in addition to daily
urine output, and that a 4.0% - 4.5% weight gain as a percentage of the patient’s
dry weight would be acceptable in the majority of patients who follow the ap-
propriate nutritional behavior and salt restriction [13]. In our study, 81% of pa-
tients having IDWG = 4% had at least one hospital admission due to volume
overload or the need for extra HD session(s). On the other hand, only 19% of
those having IDWG < 4% had been admitted or got extra HD sessions (p <
0.001).

Another important finding of this study is the significantly high rates of IDH
episodes for those with high IDWG. We found that 87% of patients having
IDWG = 4% had at least one episode of IDH/week. On the other hand, only
22.5% of those with IDWG < 4% had one episode of IDH/week (p < 0.001). IDH
has been known to be associated with increased cardiovascular and all-cause
mortality [37] [38]. Patients having frequent IDH are eventually less tolerant to
fluid removal by UF.

The HD procedure itself can cause reduced organ perfusion. An important
example of this is the “myocardial stunning” which is transient, often significant,
regional wall-motion abnormalities of the myocardium during HD and is known
to be associated with cardiac systolic dysfunction and increased risk of death
[39]. Low systolic blood pressure is a remarkable risk factor for myocardial
stunning [40]. Studies have also shown that IDH has been linked to dementia
(due to cerebral ischemia) and intestinal ischemia [41] [42].

The rate of UF has been linked to IDH. When the rate of fluid removal ex-
ceeds the rate of vascular space refilling from the interstitium, a decline in blood
volume is evident, and IDH can develop [43]. One study showed that when the
rate of UF exceeds 13 ml/kg/hour (which is equivalent to 910 ml/hour in a 70 kg
adult) is associated with a high risk of developing IDH and higher mortality [44].
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This is very clear in this study, where patients having high IDWG develop IDH
much more frequently when having the same dialysis time despite having more
fluid overload. This mandates higher rates of UF to achieve the target dry
weight, with the risk of more frequent episodes of IDH.

Studies that evaluated the accuracy relative blood volume monitoring tool
during HD as a guide for appropriate UF rate showed variable results but can be
considered as an “add-on” parameter guiding UF in dialysis prescription [45].
Bioimpedance spectroscopy (BIS) has been used on a wider scale recently as a
trial to reduce extracellular fluid depletion or overload, and to monitor fluid
states during HD. There is some evidence that BIS-guided HD treatment may
improve pre-dialytic fluid overload and hemodynamic tolerance. However, these
studies are relatively small, and their results cannot be validated or used on a
wide scale yet [46] [47]. Furthermore, in malnourished patients and in the el-
derly, the interpretation of BIS values is complicated [48]. More research is

needed to evaluate its validity and applicability.

5. Conclusions

We have recorded significant hospital admissions (due to volume overload)
and/or the need for additional HD sessions for patients with ESKD on regular
HD who had IDWG of > 4% of their dry weights. Similarly, these patients have
significantly much more episodes of IDH which is related to the rate of UF. High
IDWG has been linked to increase cardiac filling pressures and predispose pa-
tients to left ventricular strain, pulmonary edema, and high blood pressure. Fre-
quent episodes of IDH are often associated with increased cardiovascular and
all-cause mortality.

Therefore, we recommend that all healthcare providers in HD institutes
should do their best for avoiding high IDWG including dietary advice and
proper adjustments of HD patients’ dry weights, and regular follow-up. Appro-
priate dialysis prescription should be individualized including the UF rate. The
target should always be avoiding excessive IDWG due to fluid overload and
avoiding malnutrition which may exert many adverse outcomes in HD patients.

A perfect balance should always be the target.
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