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Objective: The purpose of the present study was to assess single-needle dialysis adequacy and other parameters
of dialysis efficiency, such as recirculation, hematocrit, calcium and phosphorus level. The complications and
adverse events were also evaluated. Time to achieve maximal adequacy of dialysis were compared between 4,
4.5, and 5.0 hours of dialysis session.

Design: Prospective, cross-over trial.

Setting: Renal Unit, Department of Medicine, Bangkok Metropolitan Administration Medical College and
Vajira Hospital

Material and Method: Seven stable chronic renal failure patients who regularly used standard hemodialysis
(HD) technique with double-needle (DN)were recorded for baseline data including Kt/V, percent recircula-
tion, calcium and phosphorus level, hematocrit, and LDH level. Subsequently, all the patients were placed on
single-needle dialysis (SN) for 3 consecutive duration, 4 hours, 4.5 hours and 5.0 hours respectively for 3
weeks in each period. The same parameters were recorded at the end of each period.

Results: Prior to the single-needle phase, the adequacy of dialysis in DN dialysis were within the acceptable
range. After switching to SN mode, the Kt/V did not change significantly from the baseline value. However,
subgroup analysis in twice weekly dialysis revealed some degree of reduction in Kt/V value albeit not signifi-
cant. In the thrice weekly group, the Kt/V did not differ from the baseline value and achieved the target level
according to the DOQI guideline. The other parameters such as hematocrit, calcium, phosphorus and LDH
were not different from the DN group. SN dialysis did not cause more recirculation than the DN group and
both were less than 10 percent. There were no other major complications during the SN phase. The outcome of
the fistulas were excellent

Conclusion: The SN dialysis has the same efficacy as the conventional DN technique in terms of Kt/V and other
parameters such as calcium, phosphorus and LDH values. Both DN and SN caused less than 10% recircula-
tion. There were no reports of adverse events during the treatment period. The double-pump system therefore
could be suitable for routine thrice weekly HD in a selected group of patients.
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Single-needle (SN) dialysis was first described
by Twiss in 1964 using a time-activated mechanism
with a pump and a double clamp for the alternating flow
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of blood along a caval catheter®. Kopp et al® used
blood line clamps controlled by a pressure-activated
system. Hilderson et al® also used a pressure-activated
system that controlled a double-headed blood pump.
SN provides an alternative way of using vascular
access and offer specific advantage in terms of patient
benefit that helps prolong fistula survival and limit
fistula-related complications. Its use, however, has not
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been widespread and has been confined to specific
situations®. The low general utilization of this tech-
nique may be attributed to a number of factors that
include poor understanding of the technique, the
reluctance to adopt new techniques when established
alternatives exist, and the widely held belief that SN
dialysis is inferior to conventional double-needle (DN)
dialysis. This is principally due to the presence of re-
circulation, as well as the inability to obtain clinically
acceptable blood flow rates with single-pump tidal flow
systems.

Vanholder et al® reported 76 patients in their
hospital programs that were routinely treated using a
commercially available twin-pump head SN system.
They found that the dialysis efficiency calculated as
Kt/V was at least as good as the DN technique. Other
parameters, such as hematocrit and nerve conduction
velocity during 2 years of follow up were at least as
good as in the DN technique. Five years’ fistula sur-
vival rate was 74%, a value higher than studies on DN
dialysis. The cumulative survival rate was comparable
to the survival of EDTA registry report. This author
concluded that, provided adequate fistula flow and
dialyzer blood flow are available, the urea kinetic on
SN dialysis was comparable with values observed in
DN dialysis patients.

Despite these potential advantages, SN dialy-
sis is scarcely used in many countries including Thai-
land. With new modern devices such as the Fresenius
4008 H machine with double head pump system for SN
dialysis, the authors can use this model more easily.

The purpose of the present study was to
compare the SN dialysis, using the Fresenius 4008 H
machine with the conventional DN hemodialysis (HD).
The comparison was in term of clearance, recirculation,
potential adverse effects (such as hemolysis, air embo-
lism) and fistula survival in Thai chronic renal failure
patients. The authors also determined the optimal dura-
tion of the HD session in order to achieve adequacy of
dialysis.

Benefit of the study

Since there are no report data regarding SN
dialysis in Thailand, the present study will be the first
clinical data proving the potential feasibility of this
technique. If this technique can be shown equally
effective as conventional DN HD, it may be another
option for some patients. The patient will gain benefits
by virtue of preserving vascular access, lessen the
number of punctures during HD and help to reduce
overall discomfort.
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Material and Method

From January 2005 to March 2006, a total of
7 patients diagnosed as End Stage Renal Disease
(ESRD) and were on regular DN HD for at least 3 months
before the present study was undertaken were enrolled.
Informed consents were obtained. The present study
was conducted according to good clinical practice
guidelines and was approved by the Bangkok Metro-
politan Administration Ethical Committee. Eligible
patients were defined as follows: age more than 15
years, creatinine clearance less than 5 ml/min, stable
dry weight, ambulatory care, adequate access blood
flow at least 200 ml/min, (vascular access may be
native arterio venous fistula (AVF) or poly tetrafluro-
ethylene (PTFE) graft. The exclusion criterion were in-
adequate fistula blood flow, access recirculation more
than 15%, large body size (BMI > 20), phosphorus level
more than 10 mg/dl, and had concurrent illnesses.

All patients were dialyzed using the volume
control dialysis delivery system. The authors divided
the patients into two phases (Fig. 1). Phase 1 was the
run-in period: using conventional DN HD at the
same weekly frequency using F60 dialyzer (Fresenius,
Germany). The authors measured Kt/V, access recircu-
lation, blood chemistry (lactic dehydrogenase level,
calcium, phosphorus) as baseline values. Phase 2
was the SN period: the SN HD was performed using a
Fresenius 4008H HD machine with double-headed
pump. 17-gauge SN cannulas (Happy Cath, Medikit
Co., LTD, Tokyo, Japan) that allowed blood flow rate
up to 250 ml/min were used. In phase 2, all patients
were dialyzed for 4-hour sessions thrice a week for 3
weeks, then 4.5-hour sessions thrice a week for 3 weeks
and 5-hour sessions thrice a week for 3 weeks. Amean
blood flow rate (about 300 ml/min) was maintained
constantly throughout the study. The stroke volume
was fixed to 30 ml. In addition to the same parameter
recorded in phase 1, the following additional parameters
were recorded at the end of each session; blood flow
rate, dialysate flow, and volume removed per session.
All complications were also recorded as fistula-related
or technically related.

The Kt/V values, as markers of HD adequacy;,
were calculated by the second generation of natural
logarithm formula of Daugirdas as follows®

KtV = -Ln(R-0.008xt)+(4-35xR)xUF/W
R = Ct/COo

Ct = post-dialysis BUN (mg/dl)

Q0 = pre-dialysisBUN (mg/dl)

Ln = natural logarithm

t = HDtime (hour)
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Stable chronic double-needle hemodialysis patients
4-hour sessions for at least 3 months

Phasel: Run-in Period

— Record Kt/V, % recirculation
Caicium,phosphorus, Hematocrit,
LDH

Single-needle HD
4-hour sessions for 3 weeks

Phase 2: Single-needle HD

A

y

— Record Parameters

Single needle HD
4.5-hour sessions for 3 weeks

A

y

— Record Parameters

Single needle HD
5-hour sessions for 3 weeks

— Record Parameters

End of study

Fig. 1 Study protocol

UF
w

quantity of ultrafiltrate (L)
post-dialysis weight (Kg)

According to DOQI guideline recommenda-
tion, the authors used the 15-second post-dialysis BUN
by slow flow/stop pump technique (decreased blood
flow rate to 120 ml/min for 10 minutes then stop pump)
as post-dialysis BUN in Daugirdas formula®. This BUN
values prevented sample dilution with recirculated
blood and minimized the confounding effects of urea
rebound. The Kt/V values from this method were used
to compare the efficacy of DN to SN HD in different
session time.

The access recirculation (AR) caused by the
dialyzed blood from venous line of vascular access
was recirculated to arterial line of access DN dialysis.
The authors measured the access recirculation in the
SN technique that used only one needle as the route
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for blood entering in and out from the patients. Unlike
DN HD blood was removed and returned at the same
point of access. The access recirculation was deter-
mined by slow flow-stop pump technique (decreased
blood flow rate to 120 ml/min for 10 minutes then stop
pump) after dialysis started for 30 minutes and calcu-
lated the AR values by this equation.

%AR = [(s-a)/(s-v)] x 100]
a = arterial BUN at operative blood flow (mg/dl)
v = venous BUN at operative blood flow (mg/dl)
s = arterial BUN after stop pump (mg/dl)

In SN dialysis, the extracorporeal circuit
recirculation (ECR) type of recirculation is inevitable.
ECR is the recirculation typically happening only in
SN dialysis and is caused by the retained purified blood
within the needle and the distal catheter (Fig. 2). This is
the common pathway and also the dead space in the
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Fig. 2 Dead space volume of single-needle cannula

venous cycle. In the arterial phase, blood within the
dead space will be returned to the extracorporeal
circuit and cause the ECR. The needle the authors
used in the present study had a dead space of 1.3 ml.

The authors calculated the ECR as the follow-
ing equation: %ECR = (dead space volume/stroke
volume) x 100.

Statistical analysis

All parameters are reported as mean + standard
deviation. Comparison of Kt/V among treatment group
was calculated using Friedman test (repeated measure-
ment ANOVA) and Mcnemar tests were performed in
category data and Wilcoxon Signed Ranks test were
used to compare between treatment group with p <
0.05 was considered as statistically significant.

Results
Patients characteristics

Table 1 shows the basic clinical characteris-
tics of the patients who were recruited into the present
study. The study sample consisted of 7 HD patients, 4
females and 3 males, mean age 55 years (range 36-74
years). Causes of renal failure included diabetes melli-
tus (3), hypertensive nephrosclerosis (1), chronic glom-
erulonephritis (2) and interstitial nephritis (1). The mean
hematocrit was 29.9% (range 24.9-37.7%), lactic dehy-
drogenase level (LDH) 452.29 IU/ml (range 223-1184
IU/ml), calcium 10.64 mg/dl (range 8.40-13.40 mg/dl)
and phosphorus level were 4.87 mg/dl (range 2.70-6.80
mg/dI). Five of the patients (71.4%) were maintained on
thrice weekly dialysis and two cases (28.6%) were on
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twice weekly HD. The mean treatment times were 4
hours. The average duration of dialysis was 71.3 months
(range 51-91 months) and all of the patients had native
arteriovenous fistula. There were no clinical complica-
tions during SN HD in all patients.

Adequacy of dialysis and recirculation

Table 2 summarizes the adequacy of dialysis
by using the second generation of the natural loga-
rithm of Daugirdas formula. The data represented the
mean Kt/V as a whole group. The baseline Kt/V in the
DN group were within the acceptable range, more than
1.8 in twice weekly dialysis session and more than 1.2
in thrice weekly dialysis in all patients. After switching
to SN dialysis,the Kt/V declined in the 4-hr group slight-
ly but rose to the level comparable to the DN method in
the 4.5 hrand the 5 hr session (Fig. 3). The value in the

Table 1. Patient demographics

Detail Value
Age [y] 55.6+12.5
Sex [M/F] 4/3
Duration of dialysis [month] 71.3+12.8
Frequency of dialysis in a week 2/wk 2
3/wk 5
Caseof ESRD DM 3
HT 1
Chronic GN 2
Interstitial nephritis 1

Value expressed as mean + SD or number of patients
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Table 2. Comparison between Kt/V in four different treat-
ment groups

Treatment N Mean SD p-value*
DN 7 1.74 0.17 0.168
SN4 7 147 0.59

SN4.5 7 1.74 1.43

SN5 7 2.06 1.01

Friedman test (Repeated measurement ANOVA)
DN Double-needle dialysis

SN 4  Single-needle dialysis 4 hour

SN 4.5 Single-needle dialysis 4.5 hour

SN5  Single-needle dialysis 5.0 hour

5-hr session was highest when compared with the
DN and all other SN treatment. The mean weekly Kt/v
values between each group were not statically signifi-
cant when compared by nonparametric analysis. Further
analysis into the subgroup according to the frequency
of dialysis session per week showed that mean Kt/V in
the twice weekly group had the tendency to decline,
but did not reach statistical significance (Fig. 4). How-
ever, the value of the Kt/V in the twice weekly group
did not meet the target guideline as described by DOQI
(Kt/V more than 1.8 per week). On the other hand, the
thrice weekly group had mean Kt/V above the target
point (more than 1.2 per week) at all treatment periods
(Fig. 5). In addition, the value rose progressively from

2.5
9 / 2.06
4 74
<
& 1.5 1
c
S
g =
0.5 - Treatment
0 . T
DN SN4 SN4.5 SN5
Fig. 3 Comparison of mean Kt/V + SD in four different treatment groups (p = 0.168)
7
86
1.5 1
g 1.35
x
o 1 -
(101
4]
=
0.5
Treatment
0 T T T
DN SN4 SN4.5 SN5

Fig. 4 Mean Kt/V in twice weekly dialysis group (No statistically significant different, p = 0.241)
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4 1o 4.5 and 5-hr in SN session although not statisti-
cally significant.

The baseline recirculation values were within
normal limits, less than 10 percent. After switching to
SN dialysis, the authors measured the extracorporeal
circuit recirculation as the equation described above

% ECR =(1.5/30) x 100 = 5%

This value was added to the access recircula-
tion to become total recirculation in SN dialysis. Mean
of recirculation in all treatment groups is shown in
Table 3-4. The recirculation was increased in SN com-
pared to DN HD and reached statistical significance in
the 4 and 4.5-hr session compared to the DN group.

However, the absolute value was still below 10% in all
patients (Fig. 6).

Other parameters

The mean hematocrit at baseline in this dialy-
sis population averaged 29.90% and had no significant
changes after switching to SN dialysis (Table 5). The
mean level of hematocrit in SN studies at 4 was 28.4%,
at 4.5hr was 26.69% and at 5-hr was 26.23% (p = 0.054
compared to baseline values). Although the level de-
clined progressively in the SN group, this did not reach
statistical significance (p = 0.054).

The level of the calcium and phosphorus were
not significantly changed when compared between

2.5 -
2.34
Zir 94
e J
= 1.5 49
c
3 1-
=
0.5 Treatment
0 T T T 1
DN SN4 SN4.5 SN5

Fig. 5 Mean Kt/V in thrice weekly dialysis group (No statistically significant different p = 0.323)

Mean percent

recirculation

8 - -
'”6—1,’//%495\
6 - :
b 5.6
4 1
2
1.62
0 T T T 1
Treatment
DN SN4 SN4.5 SN5

Fig. 6 Percent recirculation in each treatment group (significant difference at SN4 and 4.5 compare to DN and between

SN4.5 and SN5
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the two modalities (Table 6). The mean calcium level in
the DN group was 10.64 mg/dl and was 10.20 mg/dI at
4hr, 9.67 mg/dl at 4.5hr and 9.57 mg/dl at 5.0-hr sessions
inthe SN group (p = 0.208). The mean phosphorus level
in the DN group was 4.87 mg/dl and were 5.34,4.97 and
4.97 mg/dl in the SN dialysis 4, 4.5 and 5.0-hr sessions
respectively (p = 0.540) (Table 7).

The upper limit of lactic dehydrogenase (LDH)
level in the present study was 460 1U/ml. 71.4% in the
DN group had the mean LDH values within the normal
range. After changing to SN treatment, the proportion
of patients that had LDH value within normal range
was not statistically significant when compared with
the DN technique. This is also true when compared to
the 4.5 and 5.0-hr sessions (Table 8). The mean percent

Table 3. Percent recirculation in each treatment group

Treatment N Mean SD p-value*
DN 7 1.62 2.78 0.011
SN4 7 6.10 1.86

SN4.5 7 6.95 212

SN5 7 5.60 1.58

* Friedman test (Repeated measurement ANOVA)

Table 4. Comparison of percent recirculation between each
treatment group. There were statistically signifi-
cant differences between DN and SN 4, and DN

with SN 4.5
Treatment Compare p-value of Kt/ between group
SN4 SN4.5 SN5
DN 0.028* 0.018* 0.058
SN4 0.499 0.249
SN4.5 0.043

*Wilcoxon Signed Ranks test Significant at p value less than
0.05

Table 5. Mean hematocrit values

Treatment N Mean SD p-value*
DN 7 29.90 4.28 0.054
SN4 7 28.41 5.31

SN4.5 7 26.69 6.42

SN5 7 26.23 6.07

Friedman test (Repeated measurement ANOVA)
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increase in LDH value compared to the DN group was
50.85% in the 4-hr session but only 4.39% and 7.53% in
4.5 and 5-hr SN sessions (Fig. 7) respectively. Similarly,
the percent of dialysis sessions associated with more
than 20% increase in LDH values ~ were maximum
when compared between DN and SN4 (57.1%) and de-
clined to 14.3% and 28.6% when compared between
DN and SN 4.5 and 5-hr sessions, but did not reach
statistical significance (Table 9).

Fistula survival and other complication

During the treatment period and follow up 6-
12 months after, all of the patients had excellent fistula
potency. No other side effects were found. All of the
patients tolerated the treatment well.

Discussion

Described more than 30 years ago, the tech-
nique of SN HD has become familiar to many dialysis
units especially in Belgium and some European coun-

Table 6. Mean calcium level

Treatment N Mean SD p-value*
DN 7 10.64 1.74 0.208
SN4 7 10.20 1.18

SN4.5 7 9.67 0.77

SN5 7 9.57 1.36

* Friedman test (Repeated measurement ANOVA)

Table 7. Mean phosphorus level

Treatment N Mean SD p-value*
DN 7 4.87 1.50 0.540
SN4 7 5.34 1.93

SN4.5 7 4.97 1.74

SN5 7 4.97 1.69

* Friedman test (Repeated measurement ANOVA)

Table 8. LDH value in different group of treatment

Treatment LDH <460 LDH > 460 Total

n (%) n (%) n (%)
DN 5 (71.4%) 2 (28.6%) 7 (100%)
SN4 4 (57.1%) 3 (42.9%) 7 (100%)
SN4.5 5 (71.4%) 2 (28.6%) 7 (100%)
SN5 5 (71.4%) 2 (28.6%) 7 (100%)
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increase in LDH
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DN-SN4

Fig. 7 Mean percent increase in LDH from DN to SN

DN-SN4.5

Treatlment
DN-SN5

Table 9. Proportions of patients who had 20 % increase in LDH

< 20%increased LDH

> 20%increased LDH

No. % No. %
DN_SN4 3 42.9 4 57.1
DN_SN4.5 5 714 2 28.6
DN_SN5 5 71.4 2 28.6
SN4_SN4.5 6 85.7 1 14.3
SN4_SN5 6 85.7 1 14.3
SN4.5_SN5 5 714 2 28.6

tries. The original mechanical system was a pressure-
time controlled pump. This system has problems due
to single pump tidal flow system however, it is more
convenient and can be adapted for other HD modali-
ties such as hemofiltration, hemodiafiltration and
plasmapheresis®,

The efficiency of the SN system is dependent
on the mean blood flow and the amount of the recircu-
lation. This is mainly caused by the compliance of the
tubing system. Blumenthal et al® studied inflow time
and recirculation in SN HD and found that percentage
recirculation decreased progressively from 23% + 3%
atan inflow time of 1 second to 7% + 2% at inflow time
of 4 seconds (p < 0.03, n = 5)3, With a time-time SN
device, (Gambro SN-10-21) recirculation did not vary
with a change in pump speed from 106 to 250 mi/min
(8.2% vs 8.4%, n = 6). With a Drake Willock (pressure-
time) device, inflow time varied with pump inversely
with pump speed; at higher pump speeds, recirculation
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tended to increase. They concluded that minimum re-
circulation appeared to be associated with an optimal
inflow time of 4 seconds when time-time single needle
devices were used. The highest possible stroke volume
and the shortest tubing are to be used to reduce the
effect of recirculation.

The potential hazards when using a SN sys-
tem are principally the same as those for conventional
DN extracorporeal circuits. As example of theses hazards
are the blood loss to the environment due to a rupture
or disconnection of the bloodline, and air embolism.
Hemolysis from shear stresses between red cells and
the needle or catheter also is an important complica-
tion especially if flows are too high®. The technique
should always be used with needles with a large enough
diameter. The chances for back filtration with the fluc-
tuations in pressure are also more substantial than for
two needle dialysis. Therefore SN dialysis should be
done with ultrapure dialysate.

S203



With the advent of the new Fresenius 4008 H
machine with double-pump SN module, the authors
studied single needle dialysis in Thai chronic renal
failure patients undergoing regular HD compare with
conventional DN dialysis (cross-over study). Compari-
son in terms of dialysis adequacy, clearance, recircu-
lation and complications will be done. This is the first
study on SN dialysis in Thailand.

In the present study, the authors found that
the adequacy of dialysis in the SN dialysis is as effec-
tive as the DN group. Although the Kt/V in the 4-hr
session declined somewhat, this did not reach statisti-
cal significance. The mean Kt/V increased when the
duration of the dialysis increased. The adequacy in the
5-hr was the best. As expected, twice weekly dialysis
using SN technique caused insufficient Kt/V to ap-
proach the target value even though the Kt/V did not
differ significantly from the DN group (p = 0.241). In
thrice weekly dialysis, the Kt/V values in the SN group
were comparable to the DN at every time point. There-
fore, the authors would not recommend SN dialysis
twice weekly. In SN group, the frequency of dialysis
should be at least 4 hours.

One of the undesirable effects of SN dialysis
is recirculation. This is mainly caused by the compli-
ance of the tubing system. As the authors mentioned,
the ECR is inherent in all systems of SN dialysis. Dur-
ing the venous phase, the dialysed blood is pressed
into the arterial cycle together with the additional blood
that is sucked from the venous branch. In the present
study, the ECR was calculated as 5%.Recirculation was
determined in both groups of treatment and were both
within normal range(less than 10%) although the recir-
culation in SN was higher compared to the DN group.
This should be explained from the ECR in SN dialysis.
As stated by Vanholder et al, recirculation rate of 14%
reduced dialyzer urea clearance only by 8.2%®). The
relative influence of recirculation on dialyzer perfor-
mance is mostly overemphasized since clearance is not
reduced by the amount equal to the measured recircu-
lation. The authors did not correct the recirculation for
the clearance data since the recirculation in the present
study did not reach detrimental level.

The slight reduction of mean hematocrit in
the SN group may be due to subclinical hemolysis.
This coincides with an increase in lactic dehydro-
genase level. The mean LDH in DN group was slightly
high but when changed to SN technique, the values
did not increase significantly. Hemolysis was assumed
to originate from the high blood flow rate exposed blood
cells to excessive pressures and shear stresses that
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occurred more than in DN dialysis. The cannula itself
represents an important factor determining the pressures
acting on the red blood cells. Therefore choosing the
proper large lumen cannula and use of the double-pump
devices as in the present study help to control the
pressure in both arterial and venous line and reduce
the incidence of hemolysis.

The present study assessed the parameters
used to predict the adequacy of dialysis, the calcium
and phosphorus level. Both were comparable to the
DN group. The fistula survival was also excellent and
no fistula-related complications were found.

The present study has some limitations. First,
the sample size was too small especially in the twice-
weekly subgroup. Second, the time interval to follow
up in the SN phase should be longer to evaluate the
difference between groups. Finally, proper time to collect
the blood sample for calculating the Kt/V should be
reevaluated to correct the effect of urea rebound, the
30-minute post-dialysis BUN as equilibrated BUN for
the values of post-dialysis BUN may be the proper
value to get equilibrated Kt/V.

The benefit of SN dialysis is minimizing the
risk of fistula damage and destruction since the vascu-
lar access will be punctured only once in each session.
This will also help to reduce patient discomfort. SN
dialysis can also be used in acute dialysis where blood
access is made through a single venous catheter. By
improving the design of the machine, proper selection
of the cannula and setting the maximum blood flow rate
to achieve the target Kt/V and avoid hemolysis would
be of the utmost importance and give the best results
to the patients.

In conclusion, in the authors’ experience, SN
dialysis option may be reconsidered as an alternative
mode of renal replacement therapy in a selected group
of patients. The adequacy of dialysis was comparable
to DN dialysis in the thrice weekly group. Other para-
meters were also not different and were as good as the
DN group. The belief that efficient SN dialysis is not
possible should be reconsidered.
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