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Automatic feedback control of relative blood
volume changes during hemodialysis
improves blood pressure stability during
and after dialysis

Casper F M FRANSSEN,'+2 Judith J DASSELAAR,' Paulina SYTSMA,'
Johannes G M BURGERHOF,? Paul E DE JONG,? Roel M HUISMAN' -2
"Dialysis Center Groningen; Department of Internal Medicine, Division of Nephrology; Department of

Epidemiology and Statistics, University Medical Center Groningen and University of Groningen, Groningen,
The Netherlands

Abstract

Automatic feedback systems have been designed to control relative blood volume changes during
hemodialysis (HD) as hypovolemia plays a major role in the development of dialysis hypotension. Of
these systems, one is based on the concept of blood volume tracking (BVT). BVT has been shown to
improve intra-HD hemodynamic stability. We first questioned whether BVT also improves post-HD
blood pressure stability in hypotension-prone patients and second, whether BVT is effective in re-
ducing the post-HD weight as many hypotension-prone patients are overhydrated because of an
inability to reach dry weight. After a 3-week period on standard HD, 12 hypotension-prone patients
were treated with two consecutive BVT treatment protocols. During the first BVT period of 3 weeks,
the post-HD target weight was kept identical compared with the standard HD period (BVT-constant
weight; BVT-cw). During the second BVT period of 6 weeks, we gradually tried to lower the post-HD
target weight (BVT-reduced weight; BVT-rw). In the last week of each period, we studied intra-HD and
24 hr post-HD blood pressure behavior by ambulatory blood pressure measurement (ABPM). Pre- and
post-HD weight did not differ between standard HD and either BVT-cw or BVT-rw. Heart size on a
standing pre-dialysis chest X-ray did not change significantly throughout the study. There were less
episodes of dialysis hypotension during BVT compared with standard HD (both BVT periods:
p<0.01). ABPM data were complete in 10 patients. During the first 16 hr post-HD, systolic blood
pressure was significantly higher with BVT in comparison with standard HD (both BVT periods:
p<0.05). The use of BVT in hypotension-prone patients is associated with higher systolic blood
pressures for as long as 16 hr post-HD. BVT was not effective in reducing the post-HD target weightin
this patient group.
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INTRODUCTION

Dialysis hypotension occurs in up to 20% of hemodialysis

. 1 . . . 9. .
Correspondence to: Casper F M Franssen, PhD, Department (HD) sessions, and is a major cause of morbidity ranging

of Internal Medicine, Division of Nephrology, University from complaints of discomfort, cramps and nausea to se-
Medical Center Groningen and University of Groningen, rious vascular complications such as cerebral infarction
Hanzeplein 1, 9713 GZ Groningen, The Netherlands. and cardiac and mesenteric ischemia.*” Frequent dialysis
E-mail: ¢.f.m.franssen@int.umcg.nl hypotension may contribute to chronic overhydration
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because of the inability to reach dry weight. Hypotension
may also lead to underdialysis because of interruptions of
the HD session' and/or enhanced solute sequestration
in hypoperfused tissues during hypotension.* Dialysis
hypotension usually resolves with treatment in the dial-
ysis unit but may persist for hours after the patient leaves
the unit.”

The cause of dialysis hypotension is multifactorial. The
basic concept, however, is that hypotension during HD
only occurs when the normal cardiovascular compensa-
tory mechanisms cannot compensate for the inevitable
blood volume reduction that occurs when a large
volume of water is removed over a short period of time."
Especially, the combination of a critical decline in
blood volume and impaired cardiovascular compensato-
ry mechanisms may lead to cardiac underfilling, activa-
tion of the sympaticoinhibitory cardiopressor reflex and
sudden hypotension.” From the above concept, it follows
that blood pressure during HD can be maintained
by either avoiding critical blood volume reductions
and/or by improving cardiovascular compensatory mech-
anisms.

As hypovolemia plays an important role in the devel-
opment of dialysis hypotension, automatic feedback sys-
tems have been designed to control intra-HD changes of
relative blood volume (RBV), i.e., the changes in blood
volume from the value at the start of the HD session. The
goal of these systems is to prevent critical RBV reductions
during HD. One of these systems is based on the concept
of blood volume tracking (BVT):® based on target values
for weight change and treatment duration, the BVT sys-
tem guides the actual RBV along a pre-set individual RBV
trajectory by continuously adjusting the ultrafiltration
rate and dialysate conductivity. Several authors have
shown that treatment with BVT is associated with im-
proved intra-HD hemodynamic stability in comparison
with standard HD.*®™'* We first questioned whether BVT
also improves post-HD blood pressure stability in hypo-
tension-prone patients, second, whether BVT is effective
in reducing the post-HD weight as many hypotension-
prone patients are overhydrated because of an inability to
reach dry weight. To address these questions, we studied
intra- and post-HD blood pressure behavior and weight
change in 12 chronic hypotension-prone HD patients
during standard HD and during 2 consecutive BVT treat-
ment protocols. During the first BVT period of 3 weeks,
the post-HD target weight was kept identical compared
with the standard HD period (BVT-constant weight; BVT-
cw). During the second BVT period of 6 weeks, we grad-
ually tried to lower the post-HD target weight (BVT-re-
duced weight; BVT-rw).

384

SUBJECTS AND METHODS

Patients

We included 12 non-hospitalized hypotension-prone
chronic HD patients. Selection criteria were as follows:
chronic HD for more than 6 months; a thrice-weekly HD
schedule; and the presence of symptomatic hypotension
that necessitated treatment intervention in >50% of HD
sessions over the past 6 weeks. Treatment interventions
were defined as temporary interruption of ultrafiltration
and/or administration of i.v. fluid. In case of hemody-
namic instability, the following algorithm is used in our
center: patients are placed in a supine or Trendelenburg
position and ultrafiltration is temporarily halted. Only if
these measures do not restore hemodynamic stability i.v.
fluids are administered: usually, 150 mL NaCl 0.9% or
colloids. Exclusion criteria were hypotension caused by
primary cardiac rhythm disturbances and a history of
frequent (more than 2U/month during the past 3
months) transfusion of packed red blood cells as the
BVT system cannot function properly during red blood
cell transfusions. All patients gave informed consent to
the study protocol. The study was performed in accord-
ance with the principles of the Declaration of Helsinki.

STUDY PROTOCOL

This prospective study had an overall duration of 12
weeks. The study included 3 phases: in the first phase of
3 weeks, patients were treated with standard HD with a
constant dialysate sodium concentration and a constant
ultrafiltration rate. The post-HD target weight was set as
close to the presumed dry weight as could clinically be
tolerated by the patients. Dry weight was evaluated clin-
ically (peripheral edema, signs of pulmonary congestion,
intra- and extra-HD blood pressure pattern) and by
(changes of) cardiopulmonary radiological aspect. The
settings for the RBV curve during treatment with BVT
(vide infra) were evaluated.

Next, the patients were dialyzed with 2 consecutive
BVT treatment protocols. During the first BVT period of
3 weeks’ duration, the post-HD target weight was kept
identical to the weight that had been achieved at the
end of the standard HD period. This period was named
BVT-constant weight (BVT-cw). During the second BVT
period of 6 weeks’ duration patients were again dialyzed
with the BVT system but, now, we gradually tried to lower
the post-HD target weight. This period was named BVT-
reduced weight (BVI-rw). The post-HD target weight
was, again, set as low as could clinically be tolerated.

Hemodialysis International 2005; 9: 383-392
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In the last week of each of the 3 study periods, meas-
urements were performed before, during and following a
midweek HD session that took place in the morning.
Variables measured were as follows: pre- and post-HD
weight, intra-HD weight loss, RBV course, blood pressure
and heart rate during HD, 24 hr ambulatory blood pres-
sure monitoring (ABPM) following the HD session, Kt/V,
hemoglobin, albumin and plasma sodium levels. Post-HD
blood samples for Kt/V and plasma sodium levels were
drawn 15min after the end of the HD session. Pre- and
post-HD blood pressure and heart rate were measured 3
times within 5min and averaged to obtain pre-HD and
post-HD values. Blood pressure and heart rate were meas-
ured every 15 min by an automated oscillometric monitor
that is incorporated into the HD apparatus. During the
course of the study, it became technically possible to
monitor ionic mass balance by Diascan (Hospal-Dasco,
Medolla, Modena, Italy) during HD.!® Therefore, in a
limited number of patients ionic mass balance was meas-
ured during standard HD and at BVT-rw. lonic mass bal-
ance represents the sodium balance because of the
predominance of sodium ions in the plasma and dialysate.
A positive ionic mass balance means a transfer of sodium
from the patient to the dialysate.

The 24hr ABPM (Spacelab 90207; Spacelab, Red-
mond, WA, U.S.A) started at approximately 14:00 hr,
which was 20—40 min after the end of the HD sessions.
Recordings were made every 15 min at daytime (07:00-
23:00hr) and every 30min at night (23:00-07:00 hr).
Data are presented separately for 3 post-HD periods: 0-8 hr
post-HD  (14:00-22:00hr), 8-16hr post-HD (22:00-
06:00hr) and 16-24 hr post-HD (06:00-14:00 hr). ABPM
data were only analyzed in those patients in whom all three
24 hr ABPM were available for analysis.

As a surrogate marker of hydration state, a pre-dialysis
standing chest X-ray was performed before the midweek di-
alysis session in the last week of the standard HD period and
the last week of the BVT-rw period, respectively. The cardio-
thoracic ratio was assessed by a physician who was blinded
to the order in which the chest X-rays had been performed.
Only a light bread meal was provided during HD.

BVT system

The HD apparatus was an Integra Physio (Hospal-Dasco),
equipped with the BVT system (Hemocontrol, Hospal-
Dasco) and an optical device to measure RBV changes.'*
The BVT system is described in detail elsewhere. *®° In
brief, RBV changes during HD are measured every minute
based on assessment of hemoglobin concentration varia-
tions.'* The software responds to changes in RBV and
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continuously adjusts the ultrafiltration rate and dialysate
conductivity (lower and upper limits 13.5 and 16.0m$/
cm, respectively) through a feedback mechanism. The
main objective of the system is to guide the patients RBV
along a pre-determined individual; the so-called ideal
RBV trajectory. Simultaneously, the BVT system aims at
achieving the pre-set ultrafiltration volume target and
avoids sodium overload by means of a kinetic sodium
model that establishes a pre-set so-called equivalent con-
ductivity. The equivalent conductivity represents the di-
alysate conductivity that produces the same sodium mass
balance at the end of a BVT treatment session as HD with
constant dialysate conductivity.® In this study, the equiv-
alent conductivity was set at 13.8 mS/cm with lower and
upper tolerances of 13.6 and 14.0 mS/cm, respectively.
We chose this setting as (in a pilot study) we had found
that these settings resulted in post-HD sodium
levels that were comparable with the levels after HD ses-
sions with a constant dialysate conductivity of 13.9 mS/cm.
For each patient, the ideal RBV trajectory was established
after analyzing at least 6 standard HD sessions in which the
spontaneous RBV course was related to the cumulative ul-
trafiltration volume and intra-HD blood pressure behavior.
Typically, the form of the ideal RBV curve shows a rapid
decline in the beginning of HD and a trend toward is-
ovolemia during the second half of the HD session.®

HD schedule

All patients were on bicarbonate dialysis 3 times 4hr a
week with a low-flux polysulfon hollow-fiber dialyzer, F8
(Fresenius Medical Care, Bad Homberg, Germany). The
blood flow rate was 250-350 mL/min, and dialysate flow
was 500 mL/min. Dialysate temperature was 36.0 °C in all
patients and was not changed during the study period.
Dialysate composition for standard HD was as follows:
sodium 140 mmol/L, potassium 1.0 mmol/L, calcium 1.5
mmol/L, magnesium 0.5 mmol/L, chloride 108 mmol/L,
bicarbonate 34 mmol/L, acetate 3.0 mmol/L and glucose
1.0 g/L. Dialysate conductivity in standard HD was 13.9
mS/cm. Dialysate composition during treatment with BVT
was identical, except for dialysate sodium, which was
variable according to the concept of the BVT system.

Hypotensive episodes

Dialysis hypotension was defined as a drop in systolic
blood pressure of more than 40 mmHg from the pre-HD
value in combination with a treatment intervention by the
dialysis nurse (temporary stop of ultrafiltration and/or
infusion of i.v. fluids). For each study period, all HD
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sessions in which one or more episodes of dialysis hypo-
tension occurred were counted. The results are expressed
as the percentage of HD sessions during which 1 or more
episodes of dialysis hypotension occurred.

Statistical analysis

Data are presented as mean =+ standard deviation (SD) un-
less otherwise stated. Comparisons of weight, intra-HD
weight loss, pre- and -post-HD blood pressure, the fre-
quency of dialysis hypotension episodes, Kt/V, cardio-tho-
racic ratio (chest X-ray) and sodium levels between
standard HD on the one hand and BVI-cw and BVT-rw
on the other were made with a paired Student’s t-test.

Blood pressure and heart rate during HD were first av-
eraged to hourly means and comparisons between stand-
ard HD and both BVT periods were made with a paired
Students t-test. The 24 hr ABPM blood pressure and heart
rate data were first interpolated to exact 15 min (07:00-
23:00 hr) or 30 min (23:00-07:00 hr) intervals by stand-
ard data interpolation. Missing data were also filled in by
data interpolation. Then, comparisons between standard
HD and both BVT periods were made with a non-para-
metric ANOVA (Friedman) for repeated measurements.
The analysis was carried out separately for
3 intervals: (A) 0-8hr post-HD (14:00-22:00 hr), (B)
8-16hr post-HD (22:00-06:00hr) and (C) 16-24hr
post-HD (06:00-14:00 hr). p-values of <0.05 were con-
sidered significant.

RESULTS

Patients

The mean age (£ SD) of the patient group was 64.2 +
9.8 years (range 52-78 years). The average time (4 SD)
on dialysis was 4.5 & 3.4 years (range 1.4-26.5 years).
The cause of renal failure was diabetes mellitus (n=5),
hypertension (n=4) and polycystic kidney disease (n=1),
systemic lupus erythematosus (n=1) and acute renal fail-
ure after abdominal aortic aneurysm rupture (n=1). Sev-
en patients had diabetes mellitus (type I: n=1; type II:
n=6). All but 2 patients had significant cardiovascular co-
morbidity: myocardial infarction (n=4), angina pectoris
New York Heart Association grade 2 or greater (n=5),
heart failure (n=2), aortic valve stenosis with pressure
gradients ranging from 17 to 59 mmHg (n=4), peripheral
vascular disease (n=2). None of the patients were severely
overhydrated at any period of the study. However, mild
overhydration was suspected in 8 patients because of an-
kle edema (n=3), pre-HD hypertension (n=6, 2 of whom
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also had ankle edema) or mild cardiopulmonary conges-
tion on chest X-ray (n=1). Six patients used cardiovas-
cular medication: B-adrenergic blockers (n=4; indication:
angina pectoris in all), nitrates (n=3), and calcium an-
tagonists (n=2; indication: angina pectoris in both). As
this medication was indicated for angina pectoris, we did
not try to reduce the dose throughout the study. The
medication dose and timing of administration in relation
to the HD session were not changed throughout the study.
B-adrenergic blockers and calcium antagonists were tak-
en after the HD session. Three patients had residual renal
function with urine volumes of 360, 480 and 800 mL/
24 hr, respectively. The mean (£ SD) hemoglobin and
albumin levels at the start of the study were 7.4 &+
0.6mmol/L and 37.7 £2.2¢g/L, respectively, and did
not change significantly during the study. HD access
was an arteriovenous fistula or PTFE graft in 11 patients
and a tunneled central venous catheter in 1 patient.

Weight, weight loss, dialysis hypotension
episodes and heart size

As shown in Table 1, pre- and post-HD weight and intra-
HD weight loss did not differ significantly between stand-
ard HD and either BVT-cw and BVT-rw. Although we had
aimed at a lower body weight in the BVI-rw period, only
modest and non-significant reductions of the pre-HD
(— 0.2 kg) and post-HD weight (— 0.3 kg) were achieved
at BVT-rw compared with standard HD. Dialysis hypo-
tension necessitating a treatment intervention occurred in
64 £ 32% of the standard HD sessions and in 37 +21%
and 28 £ 21% of the BVT treatment sessions during BVT-
cw and BVT-rw, respectively (both p<0.01 compared
with standard HD). Heart size on a standing chest X-ray
did not change significantly throughout the study: the
cardio-thoracic ratio on a pre-dialysis chest X-ray was
0.542 £ 0.087 and 0.535 £ 0.079 during standard HD
and at the end of the BVT-rw period, respectively.

Blood pressure and heart rate during HD

As shown in Figure 1, pre-HD systolic and diastolic blood
pressure and heart rate did not differ significantly be-
tween standard HD and either BVT-cw or BVI-rw. At BVT-
rw, intra-HD systolic blood pressure was significantly
higher from the second hour onward in comparison with
standard HD. The lowest recorded systolic blood pressure
was significantly lower with standard HD (95 +
17mmHg) than at BVT-rw (109 £ 19 mmHg; p<0.05)
but did not differ significantly in comparison with BVT-
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Table1 Weight, weight loss, sodium levels and Kt/V during standard hemodialysis and at BVT-cw and BVT-rw (mean £ SD)

Standard HD (n=12)

Weight (kg)

Pre-HD 794+ 156

Post-HD 774=£152
Weight loss during HD (kg) 20+0.7
Plasma sodium (mmol/L)

Pre-HD 138.6 +£3.0

Post-HD 1416 £ 14
Kvv 1.26 £0.17

BVI-cw (n=12) BVT-rw (n=12)

79.8 £ 15.0 792 £ 155
77.7 £ 14.8 77.1 £ 14.9
2.1£0.6 2.1+09
1393 +3.5 1388+ 2.0
1414 +£ 1.7 140.1 + 1.6
128 £0.10 138 £0.19

’p<0.05 compared with standard HD.

BVT-cw, blood volume tracking-constant weight; BVT-rw, blood volume tracking-reduced weight; SD, standard deviation; HD, hemodialysis.

cw (100 £ 13 mmHg). Intra-dialytic diastolic blood pres-
sure did not differ significantly between standard HD and
either BVT-cw or BVT-rw. Immediate post-HD systolic
blood pressure was higher at BVT-cw (130 % 22) and at
BVT-rw (132 &£ 27) compared with standard HD (120 +
29) but the difference was not statistically significant
(BVT-cw vs. standard HD: p=0.07; BVI-tw vs. standard
HD: p=0.15). The immediate post-HD diastolic blood
pressure at BVI-cw and BVT-rw, however, was significant-
ly (both p<0.05) higher compared with standard HD.

During standard HD, the mean increase of heart rate
throughout the HD session was only 5 b.p.m. In contrast,
increase in heart rate was more pronounced during both
BVT periods than during standard HD, although the dif-
ference at all time points was not statistically significant.
The post-HD heart rate at BVIT-cw and BVT-rw tended
to be higher in comparison with standard HD but the
difference was not significant (BVI-cw vs. standard HD:
p=0.06; BVT-rw vs. standard HD: p=0.10).

Blood volume during HD

Figure 2 shows the mean RBV course during standard HD
and at BVT-cw and BVT-rw. These curves should be in-
terpreted with caution because the RBV curves are influ-
enced by the i.v. administration of NaCl 0.9% or colloid
solutions. To diminish this effect, we eliminated RBV val-
ues at the moment of and during 5 min following the i.v.
administration of fluids from the analysis. The overall
form of the mean RBV curve appeared to differ between
standard HD and BVT. During standard HD, RBV de-
clined rapidly during the first 30 min. Thereafter, the
mean RBV curve decreased further in an almost linear
manner. Only at the end of the HD session did the mean
RBV curve level off because of treatment interventions for

Hemodialysis International 2005; 9: 383-392

symptomatic hypotension. With BVT (both BVT-cw and
BVT-rw), the mean RBV curve declined even faster during
the first 30 min but was more or less stable during the last
90 min of the HD session.

At the end of the HD session, RBV did not differ sig-
nificantly between standard HD (—7.5 £ 2.1%) and ei-
ther BVT-cw (— 7.4 & 2.8%) or BVT-tw (— 7.2 £ 2.3%).
In addition, there was no significant difference in the RBV
nadir between standard HD (—8.5 £2.2%) and either
BVT-cw (— 8.4 £ 2.7%) or BVT-rw (— 9.2 £ 3.5%).

Ambulatory blood pressure
measurements

The ABPM data were complete in 10 patients. One patient
had atrial fibrillation during the last hour of the standard
test HD session and this precluded ABPM. One other pa-
tient did not wish to undergo ABPM at BVT-rw. Figure 3
and Table 2 present the ABPM data. Figure 3 also depicts
the intra-HD blood pressure and heart rate behavior in
these 10 patients. At BVT-cw and BVT-rw, systolic blood
pressures during the first 16 hr after the end of the HD
session were significantly (both p<0.05) higher than fol-
lowing standard HD. The following morning the differ-
ences had disappeared. Diastolic blood pressures did not
differ significantly between either BVI-cw or BVI-rw and
standard HD. At BVT-cw and BVT-rw, heart rate during
the first 4 hr after HD was slightly higher in comparison
with standard HD but there were no significant differ-
ences compared with standard HD.

Sodium levels and Kt/V

As shown in Table 1, pre-HD plasma sodium levels were
comparable between standard HD and both BVT-cw and
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Systolic blood
pressure (mmHg)

Diastolic blood
pressure (mmHg)

Heart rate (bpm)

Figurel Pre-, intra- and immediate post-hemodialysis (HD)
blood pressure and heart rate (n=12). Pre- and post-HD
values represent the mean of 3 recordings before and imme-
diately after the HD session, respectively. Intra-HD data are
presented as “hourly mean values”. Each hourly mean value
consists of 4 separate recordings at 15min intervals (see
“Subjects and Methods”). Error bars represent the standard
error of the mean. *p<0.05 and *p=0.05 compared with
standard HD. O Legend:Standard B HD;BVT-cw; B BVT-rw.
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Figure2 Mean relative blood volume (RBV) curve during
standard hemodialysis (HD) and at blood volume tracking-
constant weight (BVI-cw) and BVT-reduced weight (rw)
(n=12). Each curve represents the mean RBV curve of 12
patients. Error bars represent the standard error of the mean.
For the sake of surveyability, error bars are only shown for
standard HD. Error bars were of the same magnitude for
BVT-cw and BVT-rw. Legend: — Standard HD (with error
bars); ---- BVT-cw; — BVT-rw.

BVT-rw. Post-HD plasma sodium levels were significantly
lower at BVT-rw in comparison with standard HD. lonic
mass balance was measured in 4 patients. The mean
(£ SD) ionic mass balance during standard HD and at
BVT-rw was 293 + 66 and 447 £ 83 mEq, respectively
(not significant). Kt/V did not differ significantly between
standard HD and either BVI-cw or BVT-rw.

DISCUSSION

The present study shows that (in hypotension-prone pa-
tients) treatment with the BVT system is not only associ-
ated with better intra-HD hemodynamic stability but also
with higher systolic blood pressures after the HD session
in comparison with standard HD. The finding of an im-
proved intra-HD hemodynamic stability is in line with
previous studies that have shown a reduction of dialysis
hypotension episodes in hypotension-prone patients
during HD with BVT.*08%!!

The finding that HD with BVT is also associated with
higher post-HD systolic blood pressures for as long as
16 hr after the end of the HD session has not been re-
ported before. Other groups, however, have reported a
reduction of post- or inter-HD symptoms with BVT. Basile
et al.” were the first to show that treatment with BVT
reduced post-HD asthenia in comparison with standard
HD. Two other groups have reported that HD with BVT

Hemodialysis International 2005; 9: 383-392

85U8017 SUOWILLIOD BAIIERID 8|qedt|dde ayy Aq peusenob ale o VO ‘8N JO S8|nJ 10} AIqITaUIIUO AB]IA UO (SUORIPUOD-PUE-SWe}/LI0 A8 | A eI 1[ulUO//SdNY) SUORIPUOD Pue SWiB | 8y} 88S *[7202/70/9T] Uo ARigITauljuo AB|IM esuiol|qigsieisieAIun Aq X' LGTT0'S002'SES.-26vT [TTTT 0T/I0p/wod Ao | Aeiq1jeul|uo//sdny Wwoly pepeojumod ' ‘G002 ‘8GLvZrST



Blood volume control attenuates hypotension

14.00 h 22.00 h 06.00 h 14.00 h
170+

160 %
150 -
1404 -
1304
120 -

110

Systolic blood pressure (mmHg)

100 4 \ \ \ \ \ \ \

Diastolic blood pressure (mmHg)

Heart rate (bpm)

60 T T T T 1 ’ T T \: T 1
0 1 2 3 4 4 8 12 16 20 24 28

Time after the start of the hemodialysis session (h)

Figure 3 Intra-hemodialysis (HD) and 24 hr post-HD ambulatory blood pressure measurement (ABPM) blood pressure and
heart rate data in the 10 patients in whom all three 24 hr ABPM were available for analysis. The left panel depicts the intra-HD
data in these patients, and the right panel shows the post-HD data obtained with 24 hr ABPM. Error bars represent the error
of the mean. For the sake of surveyability, error bars are shown only for standard HD and blood volume tracking-reduced
weight. See Table 2 for statistical comparison between standard HD and BVT. Legend: — Standard hemodialysis; -~ HC-cw;
————— HC-rw.
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Table2 Twenty-four hour ABPM following a standard hemodialysis session or following an automatic feedback dialysis

session at BVT-cw and BVT-rw (mean =+ SD)

Standard HD (n=10) BVT-cw (n=10) BVT-rw (n=10)
Systolic blood pressure
0-8 hr post-HD (14:00-22:00 hr) 124 £ 21 130 £23* 133 £18%
8-16 hr post-HD (22:00-6:00 hr) 123 £22 132 + 31* 128 +20*
16-24 hr post-HD (06:00-14:00 hr) 132 £21 135 £33 135 £+ 25
Diastolic blood pressure
0-8 hr post-HD (14:00-22:00 hr) 70 £ 14 74+ 14 74+ 13
8-16 hr post-HD (22:00-06:00 hr) 68 +£15 71+ 19 70+13
16-24 hr post-HD (06.00-14.00 hr) 75 £ 15 74+ 19 75 +£ 17
Heart rate
0-8 hr post-HD (14:00-22:00 hr) 80 £ 16 81+ 13 82+ 15
8-16hr post-HD (22:00-06:00 hr) 73+ 12 76 £ 12 75+ 12
16-24 hr post-HD (06:00-14:00 hr) 76 £ 13 78 £ 11 77+ 12

*p<0.05 compared with standard HD.

BVT-cw, blood volume tracking-constant weight; BVI-rw, blood volume tracking-reduced weight; SD, standard deviation; HD, hemodialysis;

ABPM, ambulatory blood pressure measurement.

was associated with a reduction of the combined end-
point of miscellaneous inter-dialytic symptoms (cramps,
nausea, headaches and the need to lie down), some of
which may well be related to post-HD hypotension.''*
We think that the higher post-HD systolic blood pres-
sures with BVT treatment may well explain the improve-
ment of these post- or inter-HD symptoms.

Despite the improved hemodynamic stability and the
reduction of dialysis hypotension episodes during BVT
treatment, it was not possible to lower post-dialysis
weight substantially during the second BVT treatment
phase. Weight may not have been the best marker for
hydration status. Unfortunately, we did not perform de-
tailed studies on the hydration status, e.g., by bioimped-
ance studies. However, the combination of clinical
assessment and the unchanged cardiothoracic ratio (chest
X-ray) throughout the study makes us confident that hy-
dration status in any case did not increase throughout the
study. The failure to reduce post-HD weight in this study
implies that for adequate control of the hydration status
in such severely hypotension-prone patients, a different
dialysis regimen is needed, e.g., more frequent and/or
longer HD sessions.

The mechanism of the improved intra- and post-HD
hemodynamic stability with BVT is not completely un-
derstood. The higher blood pressure cannot be explained
by better RBV preservation as RBV reductions did not
differ significantly between standard HD and BVT. Other
studies with BVT have reported divergent results with
regard to the relationship between hemodynamic stability
and the course of RBV. Some groups®™® have reported a
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slightly (but not significantly) better RBV preservation
with BVT, whereas we and others found that the better
hemodynamic stability with BVT was not paralleled by
better RBV preservation in comparison with standard
HD.”'* However, not only the mere level but also the rate
of decrease of RBV determines the risk of intra-HD hypo-
tension.'” Therefore, although in most studies the mean
RBV reductions did not differ between BVT and standard
HD, it is possible that treatment with BVT exerted its
favorable hemodynamic effect by preventing rapid RBV
fluctuations, as has been suggested by other authors.®’
In addition, the form of the RBV curve during HD with
BVT may be an important determinant of hemodynamic
stability. Santoro et al.® have shown that HD with BVT is
associated with a more rapid initial decline of RBV and
with a more stable RBV during the second part of the HD
session in comparison with standard HD, which was con-
firmed in our study. The rapid initial RBV reduction is
caused by a relatively high ultrafiltration rate in the first
half of the HD session, and this—together with a rela-
tively high dialysate conductivity during the first part of
the HD session—favors plasma refill and may, thus, con-
tribute to the more stable RBV curve in the second part of
the HD session.® The relatively stable RBV curve during
this hemodynamically most critical phase of the HD ses-
sion probably favors intra-HD hemodynamic stability.®®
The fact that there is no constant relationship between
RBV reductions and the development of hypotension in
BVT” as well as in non-BVT'®!" HD sessions emphasizes
the importance of other factors that render certain pa-
tients susceptible to this complication.'® These include
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inappropriate activation of cardiovascular reflexes, left
ventricular hypertrophy and diastolic dysfunction and
abnormal vascular compliance.'® In the present study,
heart rate during standard HD sessions rose only slightly
(mean increase 5b.p.m.), which can be considered an
inappropriate heart rate response in the light of the pro-
nounced intra-HD systolic hypotension. Interestingly, in-
crease in intra-HD heart rate was more pronounced
during treatment with BVT. The mechanism of this in-
creased heart rate response is not clear but may have
contributed to the improved intra-HD and post-HD
hemodynamic stability with BVT. The higher heart rate
may reflect an overall increase of sympaticoexcitation and
may, thus, coincide with improved venous and arteriolar
vasoconstriction, each of these factors contributing to a
higher intra-dialytic blood pressure.

One of the major differences between BVT and stand-
ard HD is the relatively high dialysate conductivity, espe-
cially during the first part of the HD session. Apart from
plasma volume preservation, the use of high sodium di-
alysate seems to have a beneficial effect on blood pressure
behavior.® Straver et al.'® found that HD with a decreas-
ing sodium profile was associated with improved blood
pressure preservation, remarkably without a significant
difference in RBV preservation compared with standard
HD, because of a higher cardiac stroke volume in the first
hour of the HD session. It can be hypothesized that mod-
ification of the intra-vascular sodium concentration may
increase sympathetic activity with a consequently better
hemodynamic response as has been suggested by Santoro
et al.® Other groups, however, did not find a favorable
effect of increased dialysate conductivity on intra-HD
blood pressure or vascular reactivity. >

In finding that HD with BVT is associated with higher
post-HD systolic blood pressures for as long as 16 hr after
the end of the HD session cannot be readily explained.
Two possible explanations are as follows: (1) treatment
with BVT is associated with a better intra-HD and, con-
sequently, probably also a better post-HD equilibrium
between the intra-vascular and the interstitial space and
(2) stress of a dialysis hypotension episode necessitates a
recovery period during which the autonomic nervous
system is less excitable to counteract low blood pressure
by adequately increasing heart rate and/or vasoconstric-
tion. According to this hypothesis, the marked reduction
of dialysis hypotension episodes during treatment with
BVT might favor autonomic regulation during and after
the HD session.

One may argue that the higher systolic blood pressure
persisting for hours after the HD session may have a del-
eterious effect on the cardiovascular system. However, the

Hemodialysis International 2005; 9: 383-392

Blood volume control attenuates hypotension

patients in this study suffered from frequent episodes of
dialysis hypotension, which probably carries a greater
risk for cardiac, cerebral or mesenteric ischemic events*
than the 5-10 mmHg higher systolic blood pressure dur-
ing the first 16 hr post-dialysis. Moreover, pre-HD blood
pressures were not higher during the BVT-cw and BVT-rw
periods than during standard HD.

In any HD technique with variable dialysate sodium
concentrations, there is a theoretical risk of “sodium load-
ing” of the patient. We did not find evidence of sodium
loading in our study. With BVT (both periods), pre-dial-
ysis sodium levels did not differ with levels at standard
HD and at BVT-rw post-HD sodium levels were even
lower than with standard HD. Thus, improved intra- and
post-HD hemodynamic stability with BVT cannot be ex-
plained by higher sodium levels.

In conclusion, HD with BVT attenuates not only intra-
HD but also post-HD hypotension in hypotension-prone
dialysis patients. BVT was not effective in reducing the
post-HD target weight in this patient group.
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