
ORIGINAL ARTICLE

Blood volume monitoring to adjust dry weight
in hypertensive pediatric hemodialysis patients

Cengiz Candan & Lale Sever & Mahmut Civilibal &
Salim Caliskan & Nil Arisoy

Received: 5 March 2008 /Revised: 19 July 2008 /Accepted: 21 July 2008 / Published online: 10 September 2008
# IPNA 2008

Abstract The aim of this study was to adjust dry weight by
short-term blood volume monitoring (BVM)-guided ultra-
filtration and evaluate the effects of optimizing dry weight
on blood pressure (BP) control and intradialytic symptoms
(IDS) in a group of hypertensive hemodialysis (HD)
patients. The study was performed in four sequential phases,
each of which lasted for 1 week, on nine hypertensive HD
patients (six girls, age 16.9±3.1 years). In phase I, patients
were observed by BVM. In phase II, BVMwas used to guide
ultrafiltration to adjust dry weight. Antihypertensive drugs
were gradually tapered or withheld in phase III, when the
patients were hypotensive and/or their IDS increased. In
phase IV, this particular weight was maintained without any
intervention. Pre- and post-HD body weight, pre-HD, post-
HD, 30 min after HD casual BP values, and IDS in each
HD session were recorded. The BP was also assessed by
44-h ambulatory BP monitoring (ABPM), which is an ideal
method to determine BP changes throughout the interdialytic
period at the beginning of phase I and at the end of phase IV.
There was a decrease in mean dry weight, all casual systolic
BPs, and systolic/diastolic ABPM at the end of the study
(all p≤0.05). Antihypertensive drugs were stopped in five
patients and reduced in two during phase III of the study.
The IDS was more frequent (36%) in phase IV than in phase
I (16%); however, this increase did not reach statistical
significance. The results of this study suggest that short-term
BVM guided-ultrafiltration may be a useful tool to diagnose
volume overload and to adjust dry weight and, consequently,
to achieve a better control of BP in pediatric HD patients.
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Introduction

Hypertension is a risk factor for cardiovascular morbidity
and mortality in children undergoing hemodialysis (HD),
and it remains widely prevalent in these patients despite
antihypertensive medication [1, 2]. A recent multicenter
study reported that chronic fluid overload can be a significant
cause of poor blood pressure (BP) control in pediatric HD
patients and that circumspect achievement of dry weight
may be the most important factor in controlling hypertension
[3].

Although high BP can largely be controlled by adequate
ultrafiltration (UF) and the maintenance of dry weight, an
accurate estimation of this latter parameter is a difficult task
in clinical practice [4]. An underestimation of dry weight
leads to hypovolemia-induced symptoms, whereas overes-
timation results in hypertension and left ventricular hyper-
trophy. Since the value of a physical examination is limited,
more sensitive methods are needed to assess ideal dry
weight [5, 6]. Of the methods currently available, blood
volume monitoring (BVM) is one of the less laborious
when assessing hydration variables and is relatively more
suitable for routine patient care. This methodology can be
performed using an on-line optical reflection method; hence,
changes in blood volume can be measured continuously and
noninvasively during a HD session [7–9].

The results of earlier studies on adult cohorts support the
use of BVM in chronic HD patients as a useful tool for both
preventing intradialytic hypotension [10, 11] and identify-
ing patients with volume overload who could benefit from

Pediatr Nephrol (2009) 24:581–587
DOI 10.1007/s00467-008-0985-9

C. Candan (*) : L. Sever :M. Civilibal : S. Caliskan :N. Arisoy
Department of Pediatric Nephrology,
Istanbul University Cerrahpasa Medical Faculty,
34303 Kocamustafapasa,
Istanbul, Turkey
e-mail: cengizcandan@hotmail.com



intensified UF [12–14]. Studies on children suggest that
achieving target weight by means of BVM helps to reduce
the need for antihypertensive medication and intradialytic
symptoms (IDS) as compared to more traditional control
methods [15, 16]. Goldstein et al. [17] reported that the use
of BVM to assess patients’ target weight can significantly
decrease hospitalization rates and related costs due to fluid
overload/hypertension in hemodialyzed children. Patel et al.
[18] showed that a BVM-guided UF algorithm resulted in
improved BP control in pediatric HD patients after 6 months.
The aim of the prospective study reported here was to
optimize, within a relatively short time, dry weight by BVM-
guided UF and to evaluate the effect of this intervention on
BP control and IDS in all hypertensive of our HD patients.

Materials and methods

Subjects

Nine (six female, three male) hypertensive HD patients
with a stable BP for more than at least 2 months prior to the
study were included in the study. Inclusion criteria were: (1)
age 6–20 years, (2) absence of myocardial disease, (3)
absence of any acute illness during the 2 months preceding
the study, (4) serum albumin level of more than 3 g/dL, and
(5) urine output of less than 400 mL/m2/day. The subjects
had not been on BVM before the study.

The mean age and mean weight of the patients was
16.9±3.1 (range 11.7–20.0) years and 31.2±7.8 (range
19.0–39.5) kg, respectively. The patients had been on HD
for 15.8±17.9 (range 2.2–56.9) months. Prior to the study,
the single pool fractional clearance index for urea (spKt/
Vurea) of all patients was above 1.2. Causes of end-stage
renal disease in the nine patients were, respectively, systemic
lupus eritematosus, cystinosis, galactosialydosis, chronic
diffuse proliferative glomerulonephritis, chronic pyelonephri-
tis, reflux nephropathy, renal dysplasia, bladder extrophia,
and Hinman syndrome. None of the patients had undergone
native kidney nephrectomy. Five patients were anuric, one of
whom had a failed renal transplant, which had been surgically
removed due to resistant hypertension. For this study,
hypertension was defined by whether a patient was receiving
at least one antihypertensive medication. Thus, all patients
were taking antihypertensive medications at the start of the
study. The distribution of the various classes of antihyperten-
sives among the patients were as follows: calcium channel
blockers (nine patients), angiotensin converting enzyme
inhibitors (four), alpha blockers (two), and a beta blocker
(one).

The Ethical Committee of the Cerrahpasa Medical Faculty
approved the study. Informed consent was obtained from the
patients and/or their parents.

Hemodialysis procedure

All patients underwent HD for 4 h three times a week on
volumetric HD machines (Fresenius 4008; Fresenius
Medical Care, Bad Homburg, Germany). Low flux dialyzer
membranes (Asahi Kasai Medical, Tokyo, Japan) and
bicarbonate-based dialysate were used. The dialysate
temperature (37°C) and sodium concentration (140 mmol/L)
were kept constant. Blood and dialysate flow rates were 5–
7 ml/kg per minute and 500 ml/min, respectively. The patients
were not allowed to eat and drink during the dialysis sessions.
Neither micturition nor stooling occurred during dialysis
sessions.

Blood volume monitoring

Plasma volume changes were monitored noninvasively
and continuously using the Crit-Line III TQA Instrument
(Hemametrics,Kaysville, UT). This instrument uses a trans-
missive photometric technique to determine the hematocrit
on the basis of both the absorption properties of hemoglobin
and the scattering properties of red blood cells passing
through the blood chamber [8, 9]. It has been proven to be
reliable [19].

Before each HD session, a sterile, disposable blood
chamber was clipped onto the arterial blood line of the patient,
and monitoring of hematocrit and blood volume changes was
performed by the same investigator during each HD session
throughout the study period.

Study protocol

The study was performed in four sequential phases, each of
which lasted 1 week.

In phase I, UF volume to be removed during the HD
session was kept similar with that in previous HD treat-
ments based on clinical assessment of the estimated dry
weight (the lowest post-dialysis weight that the patient can
tolerate without the appearance of intradialytic symptoms
or hypotension in the absence of overt volume overload).
The UF rate was maintained constant throughout each HD
session, and neither testing of sodium nor UF profiling was
performed. The BMV of patients occurred without any
intervention. Data from phase I served as the control for
phase IV of the study.

In the second phase, BVM was used to guide UF in
reaching the ideal dry weight, as recommended by Goldstein
et al. [17]. All patients received half of their prescribed UF
in the first hour of HD treatment, while not being allowed
to exceed a maximum blood volume change of 8–10%. The
UF rates were then adjusted to attain the second half of
their target UF over the remaining 3 h of the HD session,
up to a blood volume reduction that did not exceed 4% per
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hour and 18% throughout the HD session. In the last hour
of the HD treatment, the patients received UF until they had
hypotension or a blood volume change of more than 4% per
hour, at which point UF was discontinued for 5 min. If the
monitor demonstrated refilling of the intravascular com-
partment, UF was resumed until the patient was symptom-
atic or a blood volume change of more than 4% per hour
was noted again. If no intravascular refilling was seen after
5 min, then the patient was determined to be at the target
dry weight [17]. If needed, UF volume was deliberately
increased 250–500 ml at each session until the plasma
volume curves were at the desired levels. In this study, the
average of two or three dry weights obtained during phase
II was accepted as the ideal target weight. In phases III and
IV, this particular weight was kept constant.

During phase III, one class of antihypertensive drug was
gradually reduced when BP levels at 30 min after HD became
less than the age-, sex-, and height-specific 95 percentiles; it
was stopped when the BP became less than the age-, sex-, and
height-specific BP, even after dose reduction.

In phase IV, patients were observed by BVM without any
change being made in the therapy protocol. The caregivers
were not blinded in terms of BVM curve in phase IV, and
they were able to stop the UF if they observed a more than
4% per hour change in blood volume. However, this
intervention was never needed throughout the study period.

Blood pressure measurements

Blood pressure was measured immediately before and after
dialysis and at 30 min after each dialysis treatment using a
standard automatic BP device (Dinamap XL; Critikon,
Tampa, FL), with the patient in a sitting position. The defi-
nition of hypertension for casual BP at 30 min after HD was
based on the 2004 report of the National High Blood Pressure
Education Program Working Group on Hypertension Control
in Children and Adolescents [20].

Blood pressure was also assessed by 44-h ambulatory
BP monitoring (ABPM) in phase I and after the end of
phase IV. The measurement of the 44-h BP was obtained
using the Spacelabs 90207 monitor (Spacelabs Medical,
Redmond, WA). The monitor was attached onto the patient’s
nonfistula arm 30 min after dialysis during the midweek HD
days. It was set up to record BP every 20 min from 0700 to
2300 hours, and hourly from 2300 to 0700 hours during the
interdialytic period. The results were evaluated on the basis
of previously published ABPM normative data [21].

Weight measurements

Pre- and post-dialysis weights of barefoot patients in
underclothes were measured using same scale during
consecutive dialysis treatments over the course of 4 weeks.

Intradialytic weight decrease (IDWD) was expressed as the
difference between pre- and post-dialysis weight, and the
IDWD percentage was obtained using the ratio between
the IDWD and the patient’s post-dialysis weight.

Intradialytic symptoms

Intradialytic symptoms were recorded during each HD
session throughout the whole study period. These symp-
toms included hypotension and/or other morbid symptoms
(muscle cramps, headache, dizziness) requiring intervention
(turning off UF, placing the patient in the Trandelenburg
position, and/or infusing with a bolus saline).

Statistical analysis

Values are presented as mean ± standard deviation (SD).
The values analyzed for comparison between phases I and
IV were obtained from group means of the mean values for
each of the nine patients. The significance of the differ-
ences between phase I and phase IV was determined by
using the Wilcoxon t-test. The Fisher exact test was used to
compare IDS prevalence among the study phases. The
calculations were made using the SPSS ver. 13.0 Statistical
Package Program (SPSS, Chicago, IL). A p value of less
than 0.05 was considered to be statistically significant.

Results

Data from 108 treatments of nine patients were obtained
during our study period. Seven of these treatments were
excluded from analysis for technical reasons, resulting in
101 treatments being subjected to analysis. Only 50 of these
treatments, 25 in phase I and 25 in phase IV, were used to
compare data between phase I and phase IV. Data on pre-
and post-dialysis weights, intradialytic weight decreases, and
plasma volume changes in the patients during phase I and
phase IV are provided in Table 1. The mean pre- and post-
dialysis weights of the patients had decreased significantly
by the end of the study, but the intradialytic weight decrease
in patients during phase IV was not different from that
during phase I. The difference in the blood volume changes
did not achieve statistical significance.

Mean values for various casual BP measurements are
shown in Table 2. All values significantly decreased during
phase IV as compared to phase I. Antihypertensive drugs
were stopped in five patients and reduced in two others
during phase III; the remaining two patients, using two and
three agents, respectively, continued to receive the same
antihypertensive medications (Table 3).

The mean ABPM results for the 44-h measurement and
separately for daytime and nighttime are given in Table 4.
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The mean 44-h systolic and diastolic ABPM readings were
lower at the end of the study than during phase I. When
daytime and nighttime BP readings were considered sepa-
rately, only daytime mean diastolic and nighttime mean
systolic BPs were significantly lower at the end of the study.
The 44-h systolic and nighttime diastolic BP loads were also
lower at the end of the study. However, five patients had a
44-h systolic BP load and eight patients had a diastolic BP
load greater than 50% at the end of study. There were no
differences between study phases in terms of dipping status.

Intradialytic symptoms occurred in four of 25 treatments
(16%) during phase I, in 13 of 24 treatments (56%) during
phase II, in 11 of 27 treatments (40%) during phase III, and
in nine of 25 treatments (36%) during phase IV. There was
an increase in the frequency of IDS in phase IV as
compared to phase I. However, the difference between
phase I and phase IV did not reach statistical significance
(p=0.098).

Discussion

The use of continuous BVM during HD treatments to
correctly estimate the patient’s dry body weight has shown
considerable promise as a monitoring tool to date [17, 22].
Although blood volume monitors cannot determine dry

weight directly, they can detect fluid overload. The results
of our study demonstrate that BVM can be a reliable
approach for adjusting the dry weight in pediatric HD
patients and thus achieving better BP control.

The intradialytic decreases in blood volume in our
patients were surprisingly high during phase I; consequently,
it can be assumed that their dry weight was optimal.
However, patients who have relatively high intradialytic
plasma reduction during HD may still be overhydrated.
Using Crit-Line, Rodriguez et al. [14] observed that some

Table 2 Pre- and post-dialysis and post-dialysis 30 min blood
pressure values during phase I and phase IV

Variables (mmHg) Phase I Phase IV p

Predialysis SBP 139.8±13.8 126.6±11.2 0.038
Predialysis DBP 88.6±11.3 78.3±5.4 0.038
Postdialysis SBP 126.4±18.2 108.9±16.4 0.015
Postdialysis DBP 84.6±14.5 73.9±14.4 0.033
Postdialysis 30 min SBP 130.3±17.2 111.7±16.1 0.021
Postdialysis 30 min DBP 87.2±12.0 75.4±13.5 0.028

Data derived from 25 treatments for each phase were obtained from
group means based on the mean values for each of the nine patients
and are expressed as the mean ± SD
SBP Systolic blood pressure; DBP diastolic blood pressure

Table 3 The use of antihypertensive medication in the patients during
phase I and phase IV

Variables Phase I Phase IV

Patient (n) 9/9 4/9
-5 patients with one
agent

–

-1 patient with two
agents

3 patients with two
agents

-3 patients with three
agents

1 patient with three
agents

Calcium channel
blockers (n)

9 4

ACE inhibitors (n) 4 4
Alpha blockers (n) 2 1
Beta blocker (n) 1 –

ACE Angiotensin converting enzyme

Table 1 Pre- and post-dialysis weights and intradialytic weight and
plasma volume changes during phase I and phase IV

Variables Phase I Phase IV p

Pre-dialysis weight (kg) 33.7±7.8 33.2±7.8 0.021
Post-dialysis weight (kg) 31.8±7.7 31.2±7.7 0.015
Intradialytic weight decrease (kg) 2.0±0.4 2.0±0.4 0.678
Intradialytic weight decrease (%) 6.5±1.8 6.9±2.2 0.441
Plasma volume changes (%) 15.0±5.9 17.8±4.1 0.122

Data derived from 25 treatments for each phase were obtained from
group means based on the mean values for each of the nine patients
and are expressed as mean ± SD

Table 4 Ambulatory blood pressure monitoring data during phase I
and after phase IV

Variables During phase I After phase IV p

44-hour
SBP (mmHg) 129.3±8.5 122.6±9.9 0.034
DBP (mmHg) 87.4±9.3 81.5±9.4 0.050
SBP load (%) 74.8±18.8 59.8±30.7 0.036
DBP load (%) 80.4±19.2 65.6±31.5 0.063

Daytime
SBP (mmHg) 130.8±7.7 125±15.5 0.080
DBP (mmHg) 89.4±8.5 83.5±9.3 0.042
SBP load (%) 55±32.1 45.1±28.5 0.401
DBP load (%) 61.7±27.1 49.4±28.0 0.123

Nighttime
SBP (mmHg) 125.9±10.3 118.5±12.2 0.035
DBP (mmHg) 83.9±10.5 77.8±10.7 0.080
SBP load (%) 87.2±13.5 72.2±37.7 0.141
DBP load (%) 93.9±8.8 78.9±34.3 0.043

Dipping
SBP (%) 4±3 5±5 0.359
Abnormal SBP
dipping, n (%)

9 (100) 7 (78)

DBP (%) 7±4 7±8 0.726
Abnormal DBP
dipping, n (%)

7 (78) 6 (67)

Data expressed as mean ± SD
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adult HD patients who experienced significant intradialytic
reductions in blood volume had high postdialytic refilling
rates after the end of dialysis. These authors interpreted this
finding to be a marker of chronic fluid overload; the dry
weight of these patients were successfully decreased in their
study. Similarly, based on our results we considered that
the hypertensive patients were in a chronic state of fluid
overload that was not recognized clinically but which became
apparent using BVM.

Cohen [23] suggested that the initial step for the
management of hypertension in adult HD patients should
be to reduce the extracellular volume by 0.5–1 kg at each
treatment until the predialysis BP begins to fall; at that
particular stage, the antihypertensive medications can be
reduced. However, the ideal method for measuring the BP
in HD patients as well as the timing of the BP measurement
are open to controversy among clinicians [24]. Mitra et al.
[25] showed that the best representation of interdialytic BP
was the 20-min post-dialysis reading, as compared to
ABPM. In our study, 30-min post-dialysis BP measurements
along with BVM values were used to assess fluid overload,
with higher values still indicating volume overload.

In our study, after adjustment of the target weight with
online BVM in phase II, five patients no longer needed
antihypertensive medications and the doses were greatly
reduced in two others, leaving only two patients still requiring
the same medications at the end of the study. Although
volume overload is the most important factor in hypertension
of HD patients, the role of other factors should not be
overlooked in the pathogenesis. In these two patients still
requiring the samemedications, however, it remains debatable
whether the etiology of the hypertension may have been
related to causes other than fluid overload or to inadequate
achievement of dry weight. The underlying etiology of their
end-stage renal diseases were galactosialydosis and chronic
diffuse proliferative glomerulonephritis; the latter patient
presented with intractable hypertension at the onset of the
disease and so may have already had an important element of
renin-mediated hypertension.

Ambulatory BP monitoring has an important role in
evaluating persistent poor BP control in HD patients [25].
In our study, the 44-h ABPM results for both systolic and
diastolic BP were significantly lower at the end of the study
than during phase I. When daytime and nighttime BP readings
were considered as separate data sets, only daytime diastolic
and nighttime systolic BP values were significantly lower
at the end of the study. In a recent multicenter prospective
study, Patel et al. [18], using 24-h ABPM, demonstrated
that daytime BP was statistically significantly improved
and nighttime BP also improved, although it did not reach
statistical significance, after 6 months of BVM-guided
UF in a group of normotensive and hypertensive children
undergoing HD. Patel et al. [18] may not have been able to

document significantly improved nighttime BP and day-
time BP as was the case in our study because they only
used 24-h rather than 44-h ABPM measurements and so
did not fully assess the entire interdialytic period as we did
in our study.

The sleep BP decrease was attenuated in our study. It has
previously been shown that blunted nocturnal dipping is a
prevalent finding in children with chronic renal insufficiency
[26] and pediatric HD patients [18]. In our study, the SBP
and DBP loads on ABPM after phase IV were still elevated,
although they were lower than the values found during
phase I. These findings can be explained in two ways—
either the patients had not achieved true dry weight post-
HD, or antihypertensive medications had been prematurely
discontinued. During phases II and III, we observed that the
adjustment of dry weight in the five patients using one
antihypertensive was easier than in those patients who
suffered from more serious hypertension and using multiple
antihypertensives. Mailloux and Haley [27] suggested with-
drawing antihypertensive medications as slowly as possible
in the process of establishing a rational dry weight and
setting a realistic timetable for this intervention, e.g. 3–
6 weeks for young adult HD patients. In another study, Sorof
et al. [28] found that casual BP measurements correlated
poorly with ABPM during the interdialytic period in nor-
motensive children receiving chronic HD. These authors
concluded that children undergoing chronic HD with normal
postdialysis casual BP may be significantly hypertensive
[28]. The ABPM data in our study supports the conclusion
of Sorof et al. [28]. Therefore, we believe that improving the
BP measurement techniques, such as implementing a post-
dialysis 30-min reading in the dialysis unit, can be useful in a
qualitative sense. However, there is no substitute for ABPM
in the interdialytic period, if an accurate level of BP in HD
patients is needed to correctly identify hypertension and
evaluate cardiovascular morbidity.

Michael et al. [16] suggested that the recommended
BVM-guided UF algorithm [15, 17] may be an aggressive
approach. When the algorithms with different UF rates
were evaluated, they demonstrated a twofold increase in
IDS with the 100% UF model as compared to the 80%
and 90% models despite the lack of any significant difference
in BP [16]. Indeed, we also observed an increase in IDS
in phase IV as compared to that in phase I using the
recommended BVM algorithm, but our BP values were
significantly lower in phase IV than in phase I, despite a
revision of antihypertensive medication. We suggest that a
strict control of extracellular volume by BVM, indirectly, is
useful even if intradialytic symptoms are higher during
the early stage. Özkahya et al. [29] demonstrated that the
incidence of hypotension and cramps also decreased during
the follow-up period while they were reducing the BP of
adult hypertensive hemodialysed patients with strict volume
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control. Patel et al. [18] also showed that both BP and IDS
were improved in pediatric HD patients after 6 months of
recommended BVM-guided UF.

Intradialytic symptoms may occur when the clinician is
attempting to adjust the dry weight, especially in patients
with large interdialytic weight gain. High UF rates are
therefore required to achieve the desired fluid removal within
the allotted time, even though this intervention increases the
likelihood of an imbalance between UF rate and vascular
refilling. To cope with this problem, UF-guided BVM may
be useful as it allows the prescribed dry weight to be
achieved more safely. Since high UF rates are independently
associated with an increased mortality risk, longer or more
frequent dialysis sessions should be considered in order to
prevent the deleterious consequences of excessive UF rates
[30]. The BVM algorithm used in our study may also be
more beneficial than the constant UF protocol in terms of
decreasing the risk of cardiovascular complications. How-
ever, the BVM alone cannot determine all of the variables
that interfere with vascular refilling, such as intradialytic
sodium balance. Hothi et al. [31] were able to achieve higher
UF volumes without symptoms in pediatric patients when
they prescribed HD using both dialysate sodium and UF
profiles. The duration of HD was kept constant in our study
because our aim was to evaluate the efficacy of BVM
for assessing the effects of optimizing dry weight on BP
control. However, prolonged or daily dialysis regimens can
be useful to achieve dry weight, especially in diet-
uncompliant hypertensive children [32].

Our study has several limitations that should be
mentioned. First, the study was based on a relatively small
number of children and adolescents. If a larger number of
patients were to be analyzed, more definite results could be
obtained. Second, the study period may have been too short
for evaluation purposes, especially ABPM data and IDS at
the end of the study. It is well-known that there may be a
delay between the normalization of extracellular volume
and the fall in BP readings (lag phenomenon) [33]. On the
other hand, although not significantly different, the increase
in IDS at the end of the study can be criticized. We believe
that IDS can be decreased with a strict volume control
regimen on the long-term course: even though we were
unable to prove this on the basis of our data, Patel et al.
have confirmed that this is indeed possible [18].

In conclusion, our study supports the routine use of online
BVM to determine dry body weight and decreased chronic
fluid overload and to decrease the need for antihypertensive
medications to control hypertension in children maintained
with chronic hemodialysis.
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