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Abstract
Background Increased interdialytic weight gain (IDWG) has been associated with poor outcomes in adults, but its impact on
hemodialysis vasculopathy in children is unknown.
Methods Nineteen patients (age 9 to 19 years old) with a median hemodialysis duration of 10.4 months were enrolled.
Cardiovascular evaluation included left ventricular mass index (LVMI), pulse wave velocity (PWV), and carotid intima-media
thickness (cIMT) measurements. PWVand cIMTwere expressed as z-scores based on reference values in healthy children. Blood
pressure (BP) evaluation consisted in a 24-h ambulatory BP monitoring. Mean IDGW and residual urine output during the
6 months prior to cardiovascular examination were calculated.
Results Increased cIMT, LVMI, and PWVwas observed in 11 (57.9%), 7 (36.8%), and 5 (26.3%) patients respectively, while BP
was normal in all patients. Median IDWG was 3.5% (1.8–6.7). Residual urine output and BP status did not significantly differ
between patients with IDWG ≥ or < 4%. After linear regression, IDWG was correlated to cIMT z-score (r2 = 0.485, p = 0.001),
but not to PWV z-score (r2 = 0.04, p = 0.415) and LVMI (r2 = 0.092, p = 0.206). After univariate logistic regression, IDWG ≥ 4%
was significantly associated to increased cIMT (above 1.65 SDS) (odds ratio 12.25, 95% confidence interval 1.08–138.988). The
trend toward an increased cIMTwith IDWG ≥ 4% was observed in both patients with short and long dialysis vintage.
Conclusions High IDWG is associated with increased cIMT in hemodialyzed children independently of BP control and dialysis
vintage. This observation reinforces the importance of interventions to avoid IDWG in hemodialyzed children.
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Introduction

Cardiovascular disease is the most common cause of mortality
in children with end stage renal disease (ESRD), leading to
more than 30% of deaths among children on renal replace-
ment therapy (RRT) [1]. While hypertrophic cardiomyopathy
has been the most studied manifestation of cardiovascular
disease, there is more recent evidence about the additional
and significant role of vasculopathy, which evolves since the
early stages of chronic kidney disease (CKD) [2–8]. Vascular

injury may be partially reversible after kidney transplantation
[3]. Nevertheless, the degree of vasculopathy at kidney trans-
plantation is associated with a higher risk of permanent vas-
cular damage in pediatric transplant recipients [4]. Avoidance
of RRT by pre-emptive kidney transplantation seems to be the
optimal strategy for preventing further vascular damage oc-
curring during ESRD [9].

Multiple risk factors for vasculopathy have been reported,
including glomerulopathy as primary renal disease, long dialy-
sis duration, hypertension, and impaired bone and mineral me-
tabolism [6]. Volume overload, expressed as interdialytic weight
gain (IDWG), has been associated with increased incidence of
cardiovascular events and arterial stiffness in hemodialyzed
adult patients [10, 11]. Interdialytic weight gain was recently
reported to be associated with hypertension and left ventricular
hypertrophy in hemodialyzed children [12–15]. However, its
vascular impact has not yet been elucidated in children. Thus,
our study attempts to describe the impact of IDWG on the
severity of the vasculopathy in children receiving hemodialysis.
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Material and methods

This is a retrospective study of the 2016 annual cardiovascular
assessment of all patients on hemodialysis at the University
Children’s Hospital Robert Debré of Paris. The inclusion
criteria involved patient’s age of 7 to 19 years old, hemodial-
ysis duration longer than 3 months, and absence of congenital
heart disease or primary myocardiopathy.

Assessment of carotid intima-media thickness (cIMT),
pulse wave velocity (PWV), and left ventricular mass index
(LVMI) was performed on the same non-dialysis day in each
patient by an experienced cardiologist with the same devices
throughout the study. The collaborating cardiologist was
blinded to patient with IDWG. Echocardiography was used
to determine LVMI, calculated by dividing left ventricular
mass by height raised to a power of 2.7 (g/m2.7). Left ventric-
ular hypertrophy was defined as LVMI greater than the 95th
percentile (perc.), based on perc. reference curves in healthy
children of same sex and age [16]. Both cIMTand PWV were
expressed as z-scores based on the specific median (M), skew-
ness (L), and coefficient of variation (S) values for child’s
height [17, 18]. Values above 1.65 SDS (95th perc.) according
to sex and height in healthy children were defined as elevated
[17, 18]. Pulse wave velocity recordings were obtained by
applanation tonometry (SphygmoCor, AtCor Medical,
Itasca, IL, USA). A vivid high-resolution ultrasound system
(GE Healthcare, Horten, Norway) with 12-MHz transducer
was used for cIMT of bilateral common carotid. The mean
of five measurements of each vessel was used in the analysis.
Blood pressure (BP) evaluation consisted in a 24-h ambulato-
ry BP monitoring (ABPM), performed on a non-dialysis day
within a delay of 2 weeks to cardiovascular tests, using the
Spacelabs 90217 (Spacelabs Healthcare, Issaquah, WA, USA)
device. Hypertension was defined as mean systolic BP and/or
diastolic BP z-score greater than 1.65 SDS (95th perc.) for sex,
age, and height [19].

All pat ients on ei ther onl ine hemodialysis or
hemodiafiltration were dialyzed with high-flux filters for 4 h
three times a week. Hemodiafiltration was preferentially ap-
plied in patients with higher IDWG. Routine clinical care
included monthly measurement of residual urine output via
24-h urine collection on a day without hemodialysis and doc-
umentation of IDWG. Preserved residual urine output was
defined as urine output ≥ 0.5 mL/kg/h per day and IDWG
was calculated as the percentage of the weight increase be-
tween the end of the first (after a 3-day interdialytic interval)
and the start of the second (mid-week) dialysis session. Dry
weight was assessed by a weekly clinical examination by an
experienced pediatric nephrologist and surveillance of body
composition monitoring during hemodialysis. Finally, single
pool Kt/Vwas calculated once a month in a mid-week dialysis
session for each patient.We determined the mean of all IDWG
and Kt/V data observed over the 6 months prior to

cardiovascular testing or over the whole dialysis period in
patients on dialysis for less than 6 months.

We collected data in the following laboratory results from
the medical records: serum phosphorus (P) in mmol/L, serum
calcium (Ca) inmmol/L, serum calcium × phosphorus product
(Ca × P) (mmol2/L2) and parathyroid hormone (PTH) in pg/
mL, serum 25-hydroxyvitamin D (25(OH)D) in ng/mL and
1.25-dihydroxy-vitamin D (1.25(OH)D) in ng/mL. All labo-
ratory tests were drawn before dialysis sessions.

We calculated correlation between cIMT, PWV, and
IDWG. Patients were then classified into two groups based
on their mean IDWG using a cut-off of 4%, as previously
reported in the literature [12]. We compared the distribution
of all cardiovascular parameters as well as the clinical and
laboratory parameters that are potentially associated with vas-
culopathy between the two groups of patients. Finally, we
searched for risk factors of vasculopathy among all the includ-
ed parameters.

Data were expressed as median values and ranges. All sta-
tistical evaluations were performed using SPSS Statistics soft-
ware for Windows. Linear logistic regression was used to
assess the correlations between the study parameters. Mann-
Whitney and Fisher’s exact were used to compare the charac-
teristics of the patients with and without high IDWG.
Univariate logistic regression was performed in order to detect
risk factors of vasculopathy. A p value of < 0.05 was consid-
ered statistically significant.

Results

Nineteen patients, 12 males and 7 females, were included in
our study. The median age was 15.2 years (range 9.0–19.2)
and the median body mass index (BMI) was 17.0 kg/m2

(15.3–22.0). None of the patients was overweight according
to age-based pediatric reference charts. Primary renal disease
was of glomerular origin in 12 (63.2%) and of non-glomerular
origin in 7 (36.8%) patients. Four patients had received a prior
kidney transplantation. Three children returned to hemodialy-
sis 3, 5, and 7 years after kidney transplantation due to acute
allograft rejection in one and chronic allograft failure in two
cases. Hemodialysis was never discontinued in the last patient
since renal allograft thrombosis occurred in early postopera-
tive period. Median hemodialysis duration was 10.4 months
(3.3–46.4). Hemodiafiltration was performed in eight patients,
with an average convection fraction of 18.1% (15.3–21.4).
Oligoanuria was observed in 13 (68.4%) patients. Median
residual urine output in the non-oligoanuric patients was
0.63 mL/kg/h (0.5–3). The 24-h ABPM was normal in all
patients (Fig. 1). Nine patients (47.4%) were under antihyper-
tensive treatment: monotherapy in five and twomedications in
four patients. The number of patients with increased cIMT,
LVMI, and PWV was 11 (57.9%), 7 (36.8%), and 5 (26.3%)
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respectively. The distribution of cIMT and PWV z-scores is
illustrated in Fig. 1.

Median IDWG was 3.5% (1.8–6.8). Patients with high
IDWG (≥ 4%)were preferentially treatedwith hemodiafiltration
and presented a longer dialysis vintage (Table 1). No associ-
ation was observed between high IDWG and the following
clinical and laboratory parameters: glomerular primary renal
disease, preserved residual urine output, single pool Kt/V,

systolic anddiastolicBP z-scores, andantihypertensivemed-
ication (Table 1).Nevertheless, IDWGwas higher in patients
without residual diuresis and under antihypertensive treat-
ment (Fig. 2). Finally, patients with high IDWG presented
lower P levels and Ca × P product, whereas no significant
association was observed between high IDWG and PTH,
25(OH)D and 1.25(OH)D levels (Table 1).

A significant linear correlation was found between
IDWG and cIMT (r2 = 0.458, p = 0.001 and r2 = 0.485,
p = 0.001 for cIMT values and z-scores respectively), but
not between IDWG and PWV (r2 = 0.011, p = 0.671 and
r2 = 0.04, p = 0.415 for PWV values and z-scores respec-
tively) (Fig. 3). Although no significant linear correlation
was observed between IDWG and LVMI (r2 = 0.092, p =
0.206), a trend toward a logarithmic correlation between
those two variables was observed (r2 = 0.157, p = 0.094).
Patients with IDWG ≥ 4% presented a significantly higher
cIMT z-score (Fig. 4). After univariate logistic regression,
IDWG ≥ 4% was significantly associated to increased
cIMT (odds ratio 12.250, 95% confidence interval
1.078–138.988) (Table 2). No association was observed
between the need for antihypertensive treatment and in-
creased cIMT (Table 2). A trend toward an increased
cIMT z-score with high IDWG was observed in both pa-
tients with short (< 12 months) and long (≥ 12 months)
dialysis duration (Fig. 5).

Fig. 1 Distribution of patients’ carotid intima-media thickness and pulse
wave velocity z-scores

Table 1 Distribution of patients’
characteristics by level of
interdialytic weight gain

Clinical and laboratory parameters Interdialytic weight gain

< 4% (n = 11) ≥ 4% (n = 8)

N (%) p (Fisher’s exact test)

Male sex 6 (55%) 6 (75%) 0.63

Glomerulopathy primary renal disease 6 (55%) 6 (75%) 0.63

Residual diuresis 5 (45%) 1 (13%) 0.18

Antihypertensive medication 4 (36%) 5 (63%) 0.37

Hemodiafiltration 2 (18%) 6 (75%) 0.024

Median (min-max) p (Mann-Whitney test)

Age (years) 15.29 [9.1–17.7] 12.39 [9–19.2] 0.215

Hemodialysis duration (months) 6.31 [3.32–37.48] 24.36 [7.36–46.39] 0.01*

Single pool Kt/V 1.51[1.28–2.05] 1.7 [1.3–2] 0.351

Systolic BP z-score 0.6 [− 1.7–1.6] − 0.1 [− 1.6–1.3] 0.442

Diastolic BP z-score 0.9 [− 0.4–1.6] 0.9 [− 0.3–1.5] 0.717

P (mmol/L) 1.69 [1.17–2.28] 1.19 [0.93–1.9] 0.017*

Ca (mmol/L) 2.34 [2.18–2.6] 2.42 [2.21–2.63] 0.778

Ca × P (mmol2/L2) 4.04 [3.04–5.24] 2.84 [2.28–5.00] 0.012*

PTH (pg/mL) 67.5 [27.2–520.8] 241.4 [40.2–647.0] 0.075

25OHD (ng/mL) 25.0 [16.0–39.0] 28.5 [21.0–32.0] 0.778

1.25OHD (ng/mL) 23.0 [16.0–65.0] 24.3 [13.0–56.0] 1

BP blood pressure P, serum phosphorus, Ca serum calcium, Ca × P serum calcium × phosphorus product,
25OHD 25-hydroxyvitamin D, 1.25OHD 1.25-hydroxyvitaminD

*p statistically significant
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Discussion

Vascular damage is detected in early stages of CKD, but its
prevalence is higher in children with ESRD [2–8]. The under-
lying mechanism is uremia-toxin induced apoptosis of vascu-
lar smooth muscle cells, which are then transformed into
osteo/chondrocyte-like cells due to perturbation in the levels
of serum calcification inhibitors and promoters [20, 21]. As a
result, vascular injury progresses to calcification primarily in
the tunica media, but also in the tunica intima of the large
vessels, inducing both structural and functional changes
[21]. Carotid IMT and PWV are identified as surrogate
markers of hypertrophic vasculopathy and arterial stiffness
respectively in children with CKD [5]. Prevalence of

increased cIMT and PWV has been recently reported in the
order of 41.5 and 20.1% respectively in children with ESRD
[7]. According to our findings, almost 90% of patients pre-
sented increased PWV and/or cIMT; the latter was the most
prevalent early marker of cardiovascular disease. These results
highlight the importance of large vessel arteriopathy assess-
ment in hemodialyzed children and the need to identify poten-
tial risk factors.

Excessive IDWG, which represents water and sodium
overload between two hemodialysis sessions, has been impli-
cated in the development of arterial hypertension, left ventric-
ular hypertrophy, and mortality [12–15]. Paglialonga et al.
reported a logarithmic correlation between IDWG and LVMI
in a small cohort of dialysis patients and we found a similar
trend in our study. Water overload may also induce vascular
damage by increasing systemic BP, while sodium overload
has been proven to promote hypertrophy of vascular smooth
muscle cell both in vitro and in vivo studies by enhancing
tissue angiotensin-II activity and provoking changes in shear
stress and endothelial function [22, 23]. Toward this direction,
our results highlighted a significant correlation between
IDWG and cIMT and an association between high IDWG
(≥ 4%) and increased cIMT. Although the small sample size
did not permit multivariate statistical analysis, several obser-
vations suggest an independent impact of IDWG on cIMT.
Elevated serum P and Ca × P have been incriminated for
vascular calcification in pediatric CKD [6, 24, 25]. In our
study, patients with high IDWG presented relatively lower
serum P levels and Ca × P product. Thus, abnormalities in
bone and mineral metabolism cannot explicate the correlation
between IDWG and cIMT. In our center, patients with high
IDWG are preferentially treated with hemodiafiltration, which
precludes us to assess the effect of the type of treatment on

Fig. 2 Distribution of interdialytic weight gain in patients with versus
without antihypertensive treatment stratified by residual diuresis status

Fig. 3 Correlation between interdialytic weight gain and a carotid intima-media thickness z-score (r2 = 0.485, p = 0.001) and b pulse wave velocity z-
score (r2 = 0.04, p = 0.415)
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cIMT. However, given the suggested cardiovascular protec-
tive effect of hemodiafiltration compared to hemodialysis in
children by 3H trial, this indication bias will tend to decrease
the association between IDWG and cIMT in our study [26].
Thus, difference in the type of treatment received cannot jus-
tify the association we found between high IDWG and in-
creased cIMT. Finally, patients on long-term hemodialysis
are at higher risk for increased cIMT [8]. Nevertheless, the
same trend toward an increased cIMT in patients with high
IDWGwas observed both in patients with short (< 12months)
or long (≥ 12 months) dialysis vintage. These remarks are
indicative of an independent association between high
IDWG and increased cIMT.

Blood pressure status was within normal range in all pa-
tients. Thus, our study suggests that high IDWG induces vas-
cular damage despite a well-controlled BP. Our results are in

concordance with those published in the literature, where high
IDWG or chronic volume overload was significantly related
to mortali ty and poor cardiovascular outcome in
hemodialyzed adults presenting either hypertension or normal
BP [27–29].We also observed that patients with higher IDWG
and without residual diuresis needed more antihypertensive
treatment. There is evidence that reducing IDWG by applying
salt restriction is superior to antihypertensive medications for
optimal preservation of left ventricular function in
hemodialyzed adults [30]. Therefore, the ideal management
of patients with hypertension due to volume overload should
firstly aim at minimizing IDWG, whereas antihypertensive
drugs may be added carefully after reaching optimal dry
weight [31].

In our study, high IDWG was not correlated to increased
PWV. This contrasts with adult studies that found an associa-
tion between chronic volume overload and arterial stiffness,
independently of BP status, in hemodialyzed patients [11, 32,
33]. This discrepancy of results may be due to the changes in
the vascular compliance with age. Large artery elasticity index
increases until the age of 30, then it slowly declines during
young and middle adulthood and abruptly decreases during
late adulthood [34]. We hypothesize that the higher arterial
compliance in children may explain the absence of association
between IDWG and PWV in normotensive children. Further
studies are needed to confirm our results.

The cut-off for a high IDWG was set at 4% in this study.
Clinical guidelines recommend avoiding an IDWG > 10% be-
cause it demands large ultrafiltration rates, rising the risk for
intradialytic hypotension [31]. However, due to the emerging
evidence of IDWG effect on cardiovascular function, the target

Fig. 4 Distribution of carotid
intima-media thickness z-score in
patients with interdialytic weight
gain < and ≥ 4% (p < 0.001)

Table 2 Risk factors of increased carotid intima-media thickness
(cIMT) (univariate logistic regression)

Odds ratio 95% confidence interval

Age (years) 1.049 0.774–1.422

Hemodialysis duration (months) 1.067 0.976–1.167

Antihypertensive treatment 0.500 0.078–3.210

Ca × P (mmol2/L2) 0.388 0.126–1.119

25OHD (ng/mL) 1.152 0.971–1.367

IDWG ≥ 4% 12.250 1.08–138.988*

Ca×P serum calcium × phosphorus product, 25OHD25-hydroxyvitamin
D, IDWGinterdialytic weight gain

*p statistically significant
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of IDWG needs to be lower. In several adult studies, an IDWG
≥ 5.7%, which represents a 4-kg IDWG in a patient with a post-
HD weight of 70 kg, was associated with increased mortality
risk [22, 32]. In a recent pediatric study, an IDWG ≥ 4%, which
represents a 1-kg IDWG in a patient with a post-HD weight of
25 kg, was associated with increased risk of left ventricular
hypertrophy [11, 14]. Our results underline the importance of
maintaining an IDWG < 4% in hemodialyzed children.

Accurate assessment of dry weight, which is necessary for
IDWG monitoring, remains a challenge in clinical practice.
Surveillance of BP may be helpful, but volume overload,
expressed as > 15% of extracellular weight measured at bio-
impedance spectroscopy is not always related to hypertension
[35–37]. Along with physical examination, there are a variety
of technologies that have been used to improve assessment of
volume status, including blood volume monitoring during he-
modialysis, measurement of bioelectrical impedance analysis,
and lung ultrasound [13]. Reduction of IDWG can be achieved
by decreasing dietary sodium intake and enhancing sodium
removal during hemodialysis, by increasing frequency and/or
duration of hemodialysis and optimizing dialysate sodium con-
centration [12, 25]. Residual urine output is generally felt to be
useful for minimizing IDWG, but the presence of residual
urine output was not protective in our cohort of patients.

The main strength of this study is the extensive cardiovas-
cular evaluation in a cohort of hemodialyzed children. The
main limitation is the small size of our study, which precluded
assessment of independent risk factors of vasculopathy via
multivariate analysis to adjust for known risk factors and the

inclusion of previously transplanted patients with prior hemo-
dialysis vintage. Given the low incidence of ESRD and hemo-
dialysis in children, multicenter studies are needed to confirm
our results.

In conclusion, this is the first pediatric study to report an
association between high IDWG and increased cIMT in
hemodialyzed children despite well-controlled BP. Strategies
to reduce IDWG in those patients may prevent arteriopathy
and long-term cardiovascular complications.
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