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ontrol of hyperphosphatemia is a major goal in patients

with end-stage renal disease. However, removal of re-
tained inorganic phosphorus during hemodialysis remains
a major problem. We compared clearances and total phos-
phate removal in large patients treated with two F-80 dia-
lyzers (Fresenius Medical Care of North America, Lexington,
MA, U.S.A)) placed in parallel, and small patients dialyzed
with a single F-80 dialyzer (SD). Clearances were obtained
using total dialysate collections. Eight dialysate collections
(5 patients) using double parallel dialyzers (DD group) were
compared with 5 dialysate collections (4 patients) using
single dialyzers (SD group). Blood and dialysate flow rates
and time of dialysis treatment were identical between the
groups.

The DD group’s Kt/V ., was 1.46 + 0.13; SD group’s
Kt/V oo Was 1.35 £ 0.09 (p = 0.2). Absolute phosphorus re-
moval was 1594 + 300 mg for the DD group, compared to
1108 + 285 mg in the SD group (p = 0.03). Urea clearance
in the DD group was 285 + 25 mL/minute and 251 + 27 mL/
min in the SD group (p = 0.082). Phosphorus clearance was
178 + 32 mL/min in the DD group and 149 + 38 mL/min in
the SD group (p = 0.039). There was no correlation between
phosphorus clearance and dialyzer reuse. The bulk of phos-
phorus removal was achieved during the first 2 hours of
hemodialysis. This finding is consistent with the hypothesis
that there are at least two pools of body phosphorus.

Using hemodialyzers placed in parallel led to higher
phosphate clearance and total phosphorus removal. This
higher phosphate removal may be related in part to increas-
ing the concentration gradient for transfer out of a second
compartment.
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Introduction

During the course of end-stage renal disease, hyperphos-
phatemia invariably results secondary to the diminished abil-
ity of the kidneys to excrete the dietary phosphorus load.
Hyperphosphatemia is responsible for secondary hyperpar-
athyroidism through both direct effects on the parathyroid
gland and indirect effects of hypocalcemia [1]. Hyperparathy-
roidism is associated with substantial morbidity secondary to
renal osteodystrophy and with the protean effects of parathy-
roid hormone (PTH) on other end organs [2]. Furthermore,
hyperphosphatemia is associated with an increased risk of
death in hemodialysis (HD) patients, independent of the level
of calcium and PTH [3]. In patients with a serum phosphorus
greater than 6.5 mg/dL there is an increased relative risk of
death; patients with a serum phosphorus greater than
7.9 mg/dL have a 39% increased rate of death over patients
with normal serum phosphorus levels [3].

Given the morbidity and mortality associated with hyper-
phosphatemia, much effort is expended in attempts to control
serum phosphorus levels. These efforts focus on dietary re-
striction of phosphorus intake, with its attendant risk of pro-
tein—calorie malnutrition. If nutrition is to be maintained at
adequate levels, then dietary phosphorus binders must be uti-
lized to decrease gastrointestinal absorption of phosphorus.
Unfortunately, the most commonly used phosphorus binders
rely on calcium-containing compounds, which increase the
risk of hypercalcemia and vascular calcifications [4]. Given a
daily phosphorus intake of approximately 900 — 1500 mg, with
gastrointestinal absorption of 540 — 900 mg per day and HD
removal of 300 — 400 mg per day (on average, HD removes
800 — 1000 mg phosphorus per treatment), there is a net gain
of 240 — 600 mg phosphorus per day. The only way to de-
crease this positive balance is to increase dietary phosphorus
binding or to increase dialytic removal. Prior studies of dia-
lytic removal of phosphorus have shown that HD is relatively
limited in its ability to remove phosphorus [5-7]. This limita-
tion is secondary to multiple pools of phosphorus [8], some




Phosphorus Clearance Using Two Hemodialyzers Placed in Parallel

of which are inaccessible to solute removal during dialysis,
as well as post-dialytic phosphorus rebound, which can
quickly return serum phosphorus levels to pre-dialysis values
[9]. Recently, the use of two dialyzers in parallel (DD) has
been shown to increase small solute removal [10]. In this study,
the use of DD led to an increase in equilibrated Kt/V/ ., of
16% over a single dialyzer (SD). This increase in clearance is
attributed to an increase in the surface area of the dialyzer
membrane. The goal of this study was to determine if increased
dialysis membrane surface area with the use of high flux, high
efficiency hemodialyzers placed in parallel, would result in
higher total phosphorus removal compared to that obtained
with a single hemodialyzer.

Methods

Patients

Currently in our dialysis unit, patients with weight greater
than 80 kg and that do not meeta Kt/V ., > 1.2 are placed on
DD to meet clearance goals. Given this requirement, patients
were not randomized to treatment goals. Five stable patients
undergoing chronic HD with DD and 4 stable patients under-
going chronic HD with SD were studied. Demographic data
of the study participants are listed in Table I. Exclusion crite-
ria included severe malnourishment [normalized protein cata-
bolic rate (NPCR) < 0.7 and/or albumin < 3.5 g/dL],
hospitalization for any cause within the previous 8 weeks,
recent change in dialysis prescription, change in dosage of
phosphorus binders, and hypotension during dialysis.

The absence of significant access recirculation was con-
firmed by peripheral blood sampling [11]. Residual renal clear-
ance was not determined in this study and was disregarded

TABLE | Baseline and hemodialysis parameters of enrolled patients. Val-
ues are listed as mean +SD.

Double dialyzer Single dialyzer

Patients (n) 5 4
Age (years) 56+10 5246
Male/Female 4/1 4/0
Weight? (kg) 96+14 62+20
Body surface area® (m?) 2.14+0.13 1.78+0.22
Arteriovenous fistulas (n) 1 1
Arteriovenous grafts (n) 4 3
Total dialysate collections (n) 8 5
KtV ren 1.46+0.13 1.35+0.09
Serum phosphorus (mg/dL) 5.9%£1.6 5.1£2.3
Serum calcium (mg/dL) 9.8+£1.2 9.8+0.6
Dialysis time (minutes) 240 240
Blood flow rate (mL/min) 400 400
Dialysate flow rate (mL/min) 800 800
Ultrafiltration (L) 3.2¢15 2.6£1.7
Hematocrit (%) 37.4x3.0 36.0+2.1
nPCR (g/kg/day) 1.15+0.17 1.13+0.14
@ p=0.01

b p=0.02.

nPCR = normalized protein catabolic rate.
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for purposes of the study, but all patients had daily urine out-
put less than 200 mL. During the study period there were no
changes made in patient medications, including phosphorus-
binding agents. Baseline measurement of Kt/V .
(Daugirdas 1l equation [12]), hematocrit, and nPCR were as-
sessed for the 6 months prior to study entry. The study proto-
col was reviewed and approved by the University of Virginia
Health System Human Investigation Committee, and informed
consent was obtained prior to study entry for all patients.

Dialysis technique

Hemodialysis was performed using a Fresenius 2008H he-
modialysis machine [Fresenius Medical Care of North
America (FMC), Lexington, MA, U.S.A.] using bicarbon-
ate-based (35 mmol/L) dialysate. Dialysate calcium concen-
tration was 2.5 mEq/L, and dialysate potassium was
3.0 mEg/L for all patients. All dialysis membranes were
polysulfone. Either a single Fresenius F-80 (FMC) or two
F-80 dialyzers placed in parallel, as described previously
[10], were used. A heat—citric acid method was used to re-
process dialyzers [13].

All patients underwent dialysis for 240 minutes with ma-
chine blood flow rates set at 400 mL/minute and dialysate
flow rates set at 800 mL/minute. Patients were monitored with
blood pressure taken every 15 minutes during treatment, and
the dialysis was excluded from analysis if significant hypoten-
sive episodes occurred (defined as blood pressure < 90/
60 mmHg or symptoms consistent with hypotension requir-
ing either normal saline or hypertonic saline boluses). Pa-
tients were not allowed food or beverages during the dialysis
sessions. The required ultrafiltration volumes were determined
on the basis of the patient’s target weight and interdialytic
weight gains.

Study protocol

Patients were studied on the first dialysis day of the week
(either Monday or Tuesday). Blood samples were obtained at
the beginning of treatment (TO), at 2 hours (T2), and at
completion of the dialysis session (T4). Blood samples were
analyzed for creatinine, urea, calcium, and phosphorus for
each time point. Total dialysate was collected in 55-gallon
drums during the HD session. Total dialysate was mixed fol-
lowing completion of the dialysis session and a sample was
analyzed for urea, creatinine, phosphorus, and calcium. The
total amount of phosphorus (P;) removed during treatment
was calculated from P, =V x P, where V_ is the total di-
alysate volume and P, is the dialysate phosphorus concentra-
tion (this same equation was used to determine the total
amounts of urea and creatinine removed). Clearances for phos-
phorus, urea, and creatinine were determined by dividing the
total amount of solute removed in the dialysate by the dura-
tion of dialysis (in minutes), and dividing this value by the
average of the pre- and post-dialysis concentrations. Kt/V, ..
was calculated using the second-generation Daugirdas equa-
tion [12].
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Statistical analysis

All values are reported as mean + standard deviation (SD).
Intergroup comparisons were made using two-tailed t-test for
unpaired data and Student’s t-test for paired samples. A
p value < 0.05 was considered to represent a statistically sig-
nificant result.

Results

Eight total dialysate collections were obtained from the 5 pa-
tients in the DD group, and 5 total dialysate collections were
obtained from the 4 patients in the SD group. As prescribed,
total dialysis time, and blood and dialysate flow rates were
equivalent during all collections (Table I). Ultrafiltration av-
eraged 3.2+ 1.5 L per session in the DD group, and 2.6 +
1.7 L per session in the SD group. Serum calcium was equiva-
lent in the DD and SD groups at TO (9.8 + 1.2 mg/dL and
9.8 + 0.6 mg/dL, respectively), while serum phosphorus was
higher in the DD group (5.9 £ 1.6 mg/dL) compared to the
SD group (5.1+ 2.3 mg/dL) at TO (Table I). KtV was
higher in the DD group (1.46 £ 0.13) compared to the SD
group (1.35 + 0.09), although the difference was not statisti-
cally significant (p = 0.2) (Table I). The average number of
reuses was 6 for the DD group (range 0 — 14) and 4 for the
SD group (range 0 — 11).

The total phosphorus removed in the DD group averaged
1594 + 300 mg, and in the SD group 1108 + 285 mg (Table I1).
Phosphorus clearance was 178 + 32 mL/min in the DD group
and 149 + 38 mL/min in the SD group. The difference in phos-
phorus clearance between the groups was statistically signifi-
cant (p = 0.039). Urea clearance was 285 + 25 mL/min in the
DD group and 251 + 27 mL/min in the SD group; the differ-
ence was not statistically significant (p = 0.082). The bulk of
phosphorus removal occurred during the first 2 hours of di-
alysis, as shown in Fig. 1. In the DD group, there was a 58%
fall in serum phosphorus levels during the first 2 hours of
dialysis, while in the SD group the corresponding fall was
50%. During the last 2 hours of dialysis, serum phosphorus
fell by only 18% in the DD group and by 26% in the SD
group. The amount of phosphorus removed during the first
2 hours averaged 1.58 mg/dL/hour in the DD group and
1.12 mg/dL/hour in the SD group. During the last 2 hours of
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dialysis, the rate of phosphorus removal fell to 0.27 mg/dL/
hour in the DD group and 0.47 mg/dL/hour in the SD group.

For the 4 patients that had multiple dialysate collections,
there was no statistically significant difference in phosphorus
clearance with increasing number of dialysis membrane re-
uses (data not shown).

Discussion

Hyperphosphatemia is the source of much morbidity and mor-
tality in dialysis patients and, as such, great efforts have been
made to lower serum phosphorus concentrations through di-
etary restriction, phosphate binders, and HD. Despite these
efforts, nearly 50% of HD patients have serum phosphorus
concentrations above 6.5 mg/dL [14]. Several studies have
shown that hemodialytic removal of phosphorus averages
800 — 1000 mg per session, a level that is inadequate to com-
pensate for dietary intake of phosphorus [5-7]. This limita-

Single

= = T "Double

Phosphorus (mg/dL)

Time, Hrs

FIGURE 1 Serum phosphorus levels during hemodialysis with single versus
double hemodialyzers placed in parallel. Error bars represent the standard
deviation of the mean.

TaBLE I Clearances and total phosphate removal (mean +SD).
Double dialyzer Single dialyzer p Value

Total phosphorus removed (mg) 15944300 1108+285 0.03
Urea clearance (mL/minute) 28525 25127 0.082
Phosphorus clearance (mL/minute) 178+32 149+38 0.039
Reduction in serum phosphorus concentration (%)

0-2 hours 58 50

2-4 hours 18 26
Phosphorus removal (mg/dL/hour)

0-2 hours 1.58 1.12

2-4 hours 0.27 0.47
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tion in removal of phosphorus is secondary to the complex
kinetic behavior of this solute. A recent kinetic analysis found
evidence for up to four phosphate pools [8]. Physiologically,
these pools may represent bone, plasma, intracellular, and
other unidentified stores. Dialytic removal is largely restricted
to the plasma pool and thus is relatively inefficient in de-
creasing total body phosphorus concentrations. Kinetic
studies of phosphorus removal in HD have consistently dem-
onstrated a rapid fall in serum phosphorus early in dialysis,
followed by a plateau phase during which phosphate levels
decrease minimally or may even increase [15]. The problem
is compounded by a significant post-dialytic rebound in phos-
phorus concentration that can quickly return serum levels to
pre-treatment values [9]. Given this complex behavior of phos-
phorus, it is not surprising that attempts to control serum phos-
phorus levels have been only partially successful.

The present study evaluated phosphorus clearance when
two F-80 hemodialyzers were placed in parallel (DD group)
in an attempt increase membrane surface area and Kt/V .
In this configuration, each dialyzer received 200 mL/min
blood flow and 400 mL/min dialysate flow. Despite this fall
in blood and dialysate flow rates, Kt/V . increased in two
studies by 16% — 22% [10,16]. These increases in clearance
are likely secondary to an increase in membrane surface area.
In the present study, phosphorus clearance was 19% higher
in the DD group than in the SD group. The total amount of
phosphorus removed was 43% higher in the DD group. The
higher total phosphorus removal in the DD group was, in part,
secondary to a higher pre-dialysis serum phosphorus concen-
tration in this group. This finding is consistent with a prior
study by Jindal et al. [17] that demonstrated a 30% increase
in phosphorus clearance when they switched from a
polysulfone membrane with a surface area of 1.3 m? to a sur-
face area of 1.9 m?.

While increased membrane surface area may account for
much of the increase in phosphorus clearance in the DD group,
the ultrafiltration rate in this group was also higher than that
in the SD group. Since convective removal of phosphorus
may be important [9], the increased ultrafiltration in the DD
group may account for some of the increase in phosphorus
clearance, although it seems unlikely that a 0.6 L/day differ-
ence in ultrafiltration could account for a significant percent-
age of the difference in phosphorus removal.

The bulk of phosphorus removal was seen during the first
2 hours of dialysis, after which the rate of phosphorus re-
moval in the DD group was less than that in the SD group.
These findings are consistent with other studies of hemo-
dialytic removal of phosphorus, where the bulk of phospho-
rus removal occurs early in the procedure [8,9]. In addition, a
more efficient removal of phosphorus early in the dialysis
procedure leads to a slower rate of removal late in dialysis,
and a greater post-dialytic rebound in serum phosphorus con-
centration [9]. This finding is consistent with a simplified
model of phosphorus kinetics with rapid clearance of an eas-
ily accessible pool of phosphorus, followed by mobilization

Hemodialysis International, Vol. 6, 2002

of phosphorus from other compartments, which equilibrate
slowly with the central plasma pool. Despite this complex
behavior, increasing the membrane surface area or the con-
vective clearance will increase bulk phosphorus removal.

Although this study did not assess long-term control of
serum phosphorus concentrations in patients dialyzed with
two parallel dialyzers, a prediction would be that phosphorus
levels would be better controlled in the DD group. However,
patients in the DD group actually had higher serum phospho-
rus concentrations despite greater dialytic removal. This may,
in large part, be due to the increase in dietary phosphorus
intake that occurs with increased dialysis dose. This observa-
tion has also been seen in patients switching from three-times
weekly to daily HD [18,19]. Another prediction would be
that short daily HD treatment would lead to improved phos-
phorus control, since the bulk of dialytic phosphorus removal
occurs during the first 2 hours. Most studies on phosphorus
control in short daily HD have not shown superior control;
however, two studies reported improved phosphorus control
[18,19]. A confounding factor in these studies is that param-
eters of nutrition and phosphorus intake improve on short daily
HD [18,19]. Perhaps using two dialyzers placed in parallel,
or a dialyzer with increased surface area, would further im-
prove phosphorus removal in patients on short daily HD.

Hemodialysis with two dialyzers in parallel results in
higher clearance of phosphorus, especially during the first
2 hours of dialysis. The higher phosphorus clearance is likely
secondary to increased membrane surface area. Utilization of
DD could result in up to 1200 mg additional phosphorus re-
moval per week and could decrease reliance on dietary phos-
phorus binders. The current study is limited by the fact that
the sizes of patients in the DD and the SD group were quite
different. In patients with refractory hyperphosphatemia, the
use of DD may improve control of phosphorus Further stud-
ies utilizing a crossover study design will be pursued.
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