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CLINICAL STUDY

The optimal timing of hemoperfusion component in combined
hemodialysis-hemoperfusion treatment for uremic toxins removal

Jiangtao Li, Daming Li, Yan Xu, Aili Wang, Chen Xu, and Chen Yu

Department of Nephrology, Tongji Hospital, Tongji University, Shanghai, China

Abstract

The combination of hemodialysis-hemoperfusion (HDHP) has been proved to be superior
to hemodialysis (HD) in eliminating uremic toxins. There are two methods of combination of
HD and HP: the HP regime is utilized during the first two-hour an early HP conducted
HDHP (EHDHP) or the last two-hour late HP conducted HDHP (LHDHP) of 4h regular HD
session. The present study was to compare these two methods in uremic toxins removal.
Twenty adult chronic HD patients were enrolled in this self-control method study. The patients
were randomized to receive one session of EHDHP or LHDHP. Two weeks later, the dialysis
modalities were switched. The reduction ratio (RR) of targeted uremic toxins for each session
was assessed. Both EHDHP and LHDHP showed a significant removal of small water-soluble
solutes, middle-sized toxins and cytokines as well (p<0.05). There were no significant
differences between two methods in RR of small water-soluble solutes, like urea and creatinine.
For middle-sized molecules and cytokines, such as PTH, ,-M, IL-1, IL-6, and TNF-q, the RR was
markedly increased in LHDHP than that in EHDHP (p<0.05). LHDHP showed no more
intradialytic events than EHDHP. The combination of HD and HP in the last two hours in one

Keywords

Chronic hemodialysis, cytokines,
hemoperfusion, middle-sized molecules,
small water-soluble solutes

History

Received 22 June 2014

Revised 12 August 2014

Accepted 28 September 2014
Published online 25 November 2014

hemodialysis session had more effect on eliminating middle-sized toxins and cytokines.

Introduction

It has been proved by various clinical studies that parathyroid
hormone (PTH) accumulation results in renal osteodystrophy
and ectopic calcification,'? the accumulation of beta micro-
globulin (B,-M) leads to amyloid change and carpal tunnel
syndrome,3’4 and the accumulation of cytokines, such as
interleukin-1 (IL-1), interleukin-6 (IL-6) and tumor necrosis
factor (TNF-o) result in chronic systemic inflammation.”™
Many of these complications are irreversible by standard and
conventional hemodialysis (HD) and pose a challenge to the
long-term survival of patients on dialysis.’

Various strategies have been developed to increase the
clearance of toxins above including on-line hemofiltration'®
and hemodiafiltration.'' An alternative approach, comprising
of sequential hemodialysis and hemoperfusion (HDHP),
has been used for about 50 years and proved to be excel
over HD in regular elimination of middle-sized molecules and
cytokines.'*™ "

In clinical use, HDHP is usually conducted by adding a
commercially available hemoperfusion (HP) apparatus into
the dialysis circuit in series with a standard hemodialyzer.
The HP apparatus generally contains 80-300g of activated
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charcoal-coated particles effective for continuous use of
approximate two hours. The HP apparatus can be connected
with the dialysis circuit either during the first two hours of the
single dialysis session, i.e. an early HP conducted HDHP
(EHDHP), or during the last two hours of the single dialysis
session, i.e. a late HP conducted HDHP (LHDHP). As the
insertion of a HP apparatus into the dialysis circuit during the
late course of HD may provoke the status of hypovolemia,
EHDHP has been the most widely used mode in most of the
dialysis centers,'>'® to avoid the ultrafiltration-related inter-
dialysis events, such as interdialysis hypotension (IHD).

There are little differences between EHDHP and LHDHP
in terms of treatment duration, consumables, and cost.
However, whether the timing of HP component in a single
HDHP treatment would affect the efficacy of uremic toxins
removal is far less investigated, and few studies have
conducted so far to compare EHDHP and LHDHP side by
side. The present study was designed to compare the effect
of EHDHP and LHDHP on uremic toxins removal in self-
controlled patients, and to determine the optimal timing of a
HP component in combined HDHP treatment.

Materials and methods

Patients

A total of 20 adult patients (mean age 51.3+17.9 years,
10 males and 10 females) on chronic HD from the hemodi-
alysis department at Shanghai Tongji Hospital were enrolled
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in the study between July 2012 and January 2013. These
patients were on a maintenance dialysis of three times per
week for at least 6 months. Their mean dialysis duration
was 48.4+9.3 months. The dry weight and eK/fV were
62.7+11.6kg and 1.4+0.2, respectively. The primary renal
diseases were glomerulonephritis (n=7), diabetic nephro-
pathy (n =35), hypertension (n =5), polycystic kidney (n = 1),
obstructive nephropathy (n=1), and interstitial nephritis
(n=1). Patients with tumors, acute or chronic infection, and
active autoimmune diseases were excluded. Patients who
had taken glucocorticoids and immunosuppressants in the
past three months or who were suffering from heart failure or
pulmonary edema were also excluded.

Study design

The study was a single center, prospective, and randomized
cross-over comparison of EHDHP and LHDHP. The local
ethics committee approved the study protocol and informed
consent was obtained from all subjects. After inclusion,
20 patients were randomized to receive on session of EHDHP
or LHDHP. Thereafter, the dialysis modalities were switched.
The time interval between the two successive treatments of
HDHP was two weeks.

Systems and treatment strategies

All treatments were performed with Dialog Advanced,
B. Braun dialysis machines (Kronberg, Germany). HD and
HP were conducted using polysulfone dialyzers (Rexeed 13L;
Asahi Kasei corporation, Tokyo, Japan) and polyvinyl alcohol
60 (PVA-60) activated charcoal-coated apparatus (YTS-100;
Zibo Kang Bei Group, Biological Material Co. Ltd., Zibo,
Shandong, China), respectively. Two schemes were used for
HDHP. In EHDHP, HP apparatus was added into the HD
circuit in the first two hours where the blood flow rate was
maintained between 150 and 200 mL/min, followed by
HD alone for the next two hours with the blood flow rate
200-250 mL/min. Similarly, the HP apparatus was connected
into the HD circuit during the last two hours instead of the
first two hours in a LHDHP.

Blood pressure measurement

Blood pressure (BP) measurement was standardized. Only
one type of automatic BP equipment was used (Gambro
BP 100, Stockholm, Sweden). BP was measured in the supine
position 5min before the session, every 60 min during the
session, at the end of the session just before extracorporeal
volume infusion and if symptoms of hypotension occurred.

Intradialytic events

Intradialytic events were classified as symptomatic hypoten-
sion, cramps, chest pain. Symptomatic hypotension was
defined as a reduction of the systolic blood pressure below
100 mmHg associated with reactions of the patient prompting
nurse intervention, such as placing the patient in
Trendelenburg’s position, reducing the ultrafiltration rate, or
infusing intravenous fluids. An asymptomatic fall of blood
pressure is not believed to be of clinical relevance and therefore
was not evaluated.
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Sample collection and analysis

Sampling was performed according to the National Kidney
Foundation Disease Outcomes Quality Initiative Guidelines.'”
Blood samples were collected before and after a single HDHP
treatment and stored at —70°C until analysis. All routine
serum analyses, as well as PTH and 2-M, were carried out in
the biochemistry laboratory in the hospital. The serum levels
of IL-1, IL-6, and TNF-o were analyzed using commercially
available ELISA kits from Shanghai Bogoo Biotechnology.
Co. Ltd, Shanghai, China.

Molecular size and correction of solutes
concentrations because of ultrafiltration

According to the criteria proposed by the European
Uremic Toxin Work Group, solutes with molecular weight
(MW) ranging from 500Da to 60kDa were defined as
middle-sized molecules, which are not at all or less efficiently
dialyzable.'® Molecules smaller than 500 Da were defined
as small molecules. Serum concentrations of PTH, [,-M,
IL-1, IL-6, and TNF-o after HDHP (Cpoc)) Were corrected
for the extracellular volume changes based on differences
in the patients’ pre-HDHP body weight (BW,.) and post-
HDHP  body  weight  (BWpu): Cposi/corr = Cpog/
[1+ (BWpe — BW,,00/0.2BW 0 ]. Reduction ratio (RR) was
calculated according to the formula of RR (%) = [(Co — Cpost)/
Co] x 100, where C was for concentration either before (C)
or after treatment (Cpost).19

Statistical analysis

All continuous variables were tested for normal distribution
with the Kolmogorov—Smirnov test before further statistical
analysis. Quantitative data were expressed as means+ SD
if not otherwise indicated. Qualitative (Categorical) data
were presented as percentages. The values of all the
parameters at the start of each HDHP mode and RR of each
HDHP mode were compared by means of Student’s z-test for
unpaired data. The comparisons of uremic toxins concentra-
tions between pre-HDHP and post-HDHP were performed
using paired-sample Student’s t-test. x> test was used to
compare the frequency of pooled symptoms for intradialytic
events associated with the two schemes of HDHP. Differences
were considered significant when p values were less than
0.05. Medcalc Statistical Package (version 8.0, bvba, Ostend,
Belgium) was used to analyze data.

Results
The treatment characteristics

As listed in Table 1, there are no significant differences in
blood flow, treatment duration, pre-HDHP body weight, and
weight loss between the two modes.

Comparison of EHDHP versus LHDHP in small
water-soluble solutes removal

The serum concentrations of urea and creatinine at the start of
EHDHP and LHDHP were similar (Table 2). Both treatment
modes resulted in a significant decrease of the serum
concentrations of urea and creatinine (Table 2). The urea
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and creatinine RR were 71.1+6.1% and 63.4+11.6%,
respectively, in EHDHP, and 72.2 +10.0% and 68.1 +13.7%
in LHDHP, with the differences between the two modes not
being significant (Figure 1). In summary, there were no
differences in small water-soluble solutes removal between
EHDHP and LHDHP.

Comparison of EHDHP versus LHDHP in middle-sized
molecules removal

The middle-sized molecules had a similar start concentration
(Table 2). Both EHDHP and LHDHP led to a significant
reduction of the serum concentrations of PTH and [,-M
(Table 2). The RRs of PTH and B,-M in LHDHP (54.4 + 14.2
and 38.0+9.3, respectively) were greater than that in
EHDHP (403+5.4 and 18.1+4.8) (p=0.0068 and
<0.0001, respectively) (Figure 2). In summary, LHDHP
provides significantly more removal of middle-sized mol-
ecules than EHDHP.

Comparison of EHDHP versus LHDHP in cytokines
removal

The start values of the cytokines (Table 2) were similar.
Serum levels of the cytokines were significantly decreased by
both treatment modes (Table 2). The RRs of IL-1, IL-6, and
TNF-o were higher in LHDHP (48.9+ 15.3, 27.6 +4.5, and
43.1 £7.5 respectively) than that in EHDHP (37.7 +£11.8,
209459 and 34.2+7.0) (»p=0.0027, 0.0001, and 0.0002,
respectively) (Figure 3). In summary, LHDHP is superior to
EHDHP in targeted cytokines removal.

Table 1. Treatment characteristics of patients undergoing two experi-
mental HDHP.

Parameters EHDHP LHDHP p Value?

Treatment duration (min) 239+ 10 240+8.0 0.729

Blood flow rate

Hemoperfusion plus 175+ 12 178 + 14 0.471
hemodialysis (mL/min)

Hemodialysis (mL/min) 250+ 10 248 £5.5 0.535

Pre-HDHP body weight (kg) 65.20+15.29 64.90+16.78 0.954

Ultrafiltration volume (mL) 2450 +386.24 2410+369.65 0.936

Notes: Data are depicted as means + SD.
“Student’s t-test for unpaired data.
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Intradialytic events

Within 40 HDHP treatment sessions, 22 intradialytic events
were observed. Hypotension and symptoms occurred in 45%
of EHDHP, compared with 65% of LHDHP treatment
(p=0.341). Hypotension was the most commonly observed
event, but was not statistically different between the groups
(Table 3).

Discussion

In our opinion, and from research conducted amongst reputed
medical database, this is the first study that compared the
timing of HP component in single HDHP treatment, with
respect to uremic toxins removal. Three major findings could
be established in the present study: (1) The combined therapy
of HP with HD led to a remarkable removal of uremic toxins,
not only for small water-soluble solutes, but also for middle-
sized molecules and cytokines as well; (2) LHDHP excelled
over EHDHP in the removal of middle-sized molecules and
cytokines, in the context of the improved RRs for the full
range of molecules investigated; and (3) LHDHP did not
result in additional adverse effects, such as symptomatic
hypotension, when compared with EHDHP.

Activated charcoal, which was used in our study, is a kind
of sorbents that adsorb molecules by Van der wall’s forces,
electrostatic attraction, and/or hydrophobic affinity. Maximal
adsorptive capacity is achieved by inducing a high surface
porosity and large surface area (approximately 1000 m?/g).
Previous studies have observed an unspecific adsorption
of charcoal to creatinine and uric acid.”*?' As a result, a
reduction of charcoal’s actual surface area for middle-sized
molecules can be assumed. Theoretically, the higher the
concentration of small water-soluble solutes maintains in
blood, the more the charcoal’s surface area will be occupied.
If so, a 2-hour diffusive procedure (HD) prior to HP may
lead to a considerable clearance of small water-soluble
solutes and further increase charcoal’s actual surface area
for middle-sized molecules.

The internal burden of molecules around the charcoal is
another factor that affects the efficacy of HP.** The heavier
the internal burden of molecules maintains around the
charcoal, the more easily the charcoal will get fully saturated.
For a PVA-60-coated HP apparatus, the internal burden of
molecules is further determined by their plasma concentration

Table 2. Uremic toxins concentrations in pre-HDHP and post-HDHP specimens.

EHDHP LHDHP
MW (Da) Before After p Value® Before After p Value®
Cr (umol/L) 113 762.3 +232.8 292.0+88.4 <0.001 757.5+223.4 345.7+64.5 <0.001
Urea (mmol/L) 60.1 225+7.3 6.4+2.1 <0.001 20.1+7.8 56+1.8 <0.001
PTH (pg/L) 9500 520.9 +186.0 4129+ 1234 0.037 634.7+199.0 448.7 +154.5 0.002
B>-M (mg/L) 11,800 66.2+17.2 53.1+15.8 0.017 68.4+20.3 404+ 12.1 <0.001
IL-1 (ng/L) 17,500 222.7+56.8 136.7+32.3 <0.001 229.5+64.2 116.4+23.2 <0.001
IL-6 (ng/L) 23,000 178.7 +49.1 138.3+28.9 0.003 176.9 +35.8 1254 +23.8 <0.001
TNF-o (ng/L) 17,000 77.8+17.3 482+ 11.8 <0.001 77.0+16.4 42.0+11.0 <0.001

Notes: Data are depicted as means + SD. No statistical significance of uremic toxins concentrations at start of each HDHP mode (all p>0.05). Cr,
creatinine; PTH, parathyroid hormone; ,-M, Beta 2 microglobulin; IL-1, interleukin-1; IL-6, interleukin-6; TNF-o, tumor necrosis factor a; MW,

molecular weight.

“Paired-sample Student’s test for uremic toxins concentrations comparisons between pre-HDHP and post-HDHP. The concentrations of toxins with
molecular weight larger than 0.5 kDa were corrected for hemoconcentration because of ultrafiltration, see ‘‘Materials and methods’’ section.
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Figure 1. The comparison of the RR for small water-soluble solutes
between two HDHP modes. Data are depicted as % (means + SD). There
were no significant differences in RR of urea and Cr between two
methods. Cr, creatinine.
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Figure 2. The comparison of the RR for middle-sized molecules
between two HDHP modes. The concentrations of middle-sized
molecules were corrected for hemoconcentration because of ultrafiltra-
tion, see ‘‘Materials and methods’’ section. Data are depicted as %
(means =+ SD). *p <0.05 versus EHDHP. PTH, parathyroid hormone; [2-
M, Beta 2 microglobulin.

and their coating diffusion rate.”® The removal of plasma
water during ultrafiltration usually leads to a decrease in
plasma volume and a concomitant increase in the concentra-
tion of middle-sized molecules not removed by low-flux
HD.>*** In such a case, a HP apparatus which introduced
during the late course of HD may suffer from a relatively
higher plasma concentrations of middle-sized molecules
as well as cytokines, thus acquiring a more accelerated
coating diffusion rate (due to the increased concentration
gradient of molecules across the coating) and get fully
saturated, in comparison with that introduced during the
early course of HD.

In theory, the addition of a HP apparatus during the late
course of HD may cause more adverse events in association
with the increasing loss of extracellular fluid. These included
the aggravation of dialysis-related hypotension and other

Ren Fail, 2015; 37(1): 103-107
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Figure 3. The comparison of the RR for cytokines between two HDHP
modes. The concentrations of cytokines were corrected for hemocon-
centration because of ultrafiltration, see ‘‘Materials and methods’’
section. Data are depicted as % (means + SD). *p <0.05 versus EHDHP.
IL-1, interleukin-1; IL-6, interleukin-6; TNF-a, tumor necrosis factor.

Table 3. Interdialytic events during HDHP treatments.

Event EHDHP LHDHP p* Value
Number of dialysis sessions 20 20

Symptoms [No. (%)]

Any type 9(45) 13(65) 0.341
Symptomatic hypotension 4(20) 6(30) 0.716
Cramps 3(15) 4(20) 1.000
Chest pain 2(10) 3(15) 1.000

Note: No. (%); a, x? test.

intradialytic events. However, we did not encounter these
problems in this study. This could possibly be due to the
low blood volume priming of the HP apparatus utilized in
our study.

Conclusions

A charcoal-based HP component, which was added during
the late course of the regular HD session, is more likely for
an enhanced elimination of middle-sized molecules and
cytokines without significant intradialytic events. Therefore,
it should be recommended as the first choice in clinical
practice.

Limitations

There are several issues that should be further addressed.
Firstly, an intra-dialysis elevation of middle-sized mol-
ecules and cytokines in blood, induced by ultrafiltration,
was assumed to be responsible for the improved performance
of LHDHP. However, we failed to detect the interdialysis
concentrations of targeted molecules of middle-size.
Secondly, as we used a charcoal-based HP apparatus in this
study and charcoal’s adsorption properties may be different
from resin, the results of any current study cannot be
directly generalized to the resin-based HDHP. Finally, the
number of patients was relatively small. A larger study
population and a longitudinal study design, including more
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HDHP sessions, are needed to observe the long-term benefit
of LHDHP in patients with ESRD.
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