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Background: Plastic cannulae have attracted increasing interest as an alternative to traditional metal needles with the aim of reduc-
ing cannulation-related complications. We investigated whether the substitution volumes during hemodiafiltration differ using these
two types of needles in dialysis patients.

Methods: An intervention study involving 26 hemodialysis patients was conducted in Korea between March and September in 2021.
Patients first received online hemodiafiltration using traditional metal needles, and thereafter plastic cannulae were used in a step-
wise protocol. Repeated-measures design and linear mixed-effect models were used to compare substitution volumes between the
two needle types with the same inner diameter.

Results: The mean patient age was 62.7 years, and their mean dialysis vintage was 95.2 months. Most patients (92.3%) had an ar-
teriovenous fistula as the vascular access. The substitution volume increased as blood flow and needle size increased for both plastic
cannulae and metal needles. The substitution volume was significantly higher with 17-gauge (G) plastic cannulae than with 16-G met-
al needles at blood flow rates of 280, 300, and 330 mL/min. Similar results were obtained for 15-G metal needles and 16-G plastic
cannulae at a blood flow rate of 330 mL/min. However, the patient ratings of pain on a visual analogue scale were higher for plastic
cannulae.

Conclusion: Higher substitution volumes were obtained at the same prescribed blood flow rate with plastic cannulae than with metal
needles during online hemodiafiltration. Plastic cannulae are an option for achieving high-volume hemodiafiltration for patients with
low blood flow rates.
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Introduction

Mortality remains high for hemodialysis (HD) patients de-
spite continuous improvements in HD devices and mem-
brane biocompatibility [1]. HD is based on diffusion across
a semipermeable membrane, which allows adequate
clearance of low-molecular-weight particles. However,
simply increasing the HD dose to remove more of the small
solutes does not improve survival [2]. Online hemodiafil-
tration (OL-HDF) provides additional clearance of larger
toxins compared with standard HD. OL-HDF also offers
effective removal of uremic substances over a wider range
of molecular sizes, which has potential clinical advantages
[3-5].

During the past few years, several prospective, random-
ized clinical trials (RCTs) have compared survival out-
comes in patients receiving conventional HD and OL-HDF
[6-9]. None of these RCTs have shown statistically signifi-
cant beneficial effects of OL-HDF on mortality. However,
in all of these RCTs, post hoc analyses showed that patients
with the highest delivered convection volume had consid-
erably lower risk of all-cause mortality than those receiving
HD [10]. Achieving a high convection volume is not easy
in older patients and those with fragile vessels, especially
Asians. We previously conducted a study of the stepwise
achievement of high convection volumes in patients re-
ceiving OL-HDF by changing the needle size and dialyzer
surface area and found that high convection volume was
feasible by increasing the needle size and dialyzer surface
areas in patients with a low blood flow rate [11].

Two main types of needles are commercially available
and used for HD: metal needles and plastic cannulae [12-
14]. Metal needles are made of stainless steel and are either
sharp or blunt [15]. Plastic needles are designed specifical-
ly for HD cannulation and contain a sharp metal needle
housed within a flexible plastic sheath. The metal needle is
used to access an arteriovenous fistula (AVF) and to guide
the insertion of the plastic sheath into the vessel. Previous
studies have reported that plastic cannulae have a lower
risk of causing vascular injury, needle infiltration during
cannulation, and hematoma compared with traditional
metal needles [16-18].

There is some concern that high blood flow may have a
negative effect on vascular access survival [19]. A recent
study demonstrated that patients treated with plastic can-
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nulae showed less negative arterial pre-pump pressures
and lower venous pressures than those treated with metal
needles at all prescribed blood flow rates [20]. In that study,
the plastic cannulae had stable arterial and venous pres-
sures at the prescribed blood pump flow rates in patients
undergoing HD. Therefore, we assumed that patients treat-
ed with plastic cannulae can achieve higher substitution
volumes (SV) than those treated with metal needles at the
same pump speed when applied during OL-HDE. In this
study, we investigated the impact of needle type on SV in
patients using different needle types during OL-HDE

Methods
Study design and population

We conducted an intervention study between March and
September 2021. This study was performed in accordance
with the Declaration of Helsinki and was approved by the
Institutional Review Board of Hallym University Kangnam
Sacred Heart Hospital (No. 2020-03-023). Written informed
consent was obtained from all patients before enrollment.

Patients with end-stage renal disease, aged >18 years
undergoing chronic intermittent HD for >3 months in two
dialysis centers of Kangnam and Chuncheon Sacred Heart
Hospital in South Korea were included. Patients were el-
igible for inclusion if they were being treated three times
per week with high-flux HD and were able to understand
the study procedures and provide informed consent. The
exclusion criteria were severe nonadherence regarding fre-
quency and/or duration of HD treatment and a life expec-
tancy of <3 months because of nonrenal disease.

Procedures

Blood flow rate and needle size and type were determined
for all patients (Fig. 1). Metal needles (15-gauge [G] and
16-G with a needle length of 25 mm; JMS Singapore Ltd)
and plastic cannula (Supercath Clampcath 16-G and 17-G
with a cannula length of 25 mm; Togo Medikit) were used
in this study. The needle size of the plastic cannula indi-
cates the size of the introducer needle, which serves as an
introducer for the cannula into the vessel. After removal
of the introducer needle, the inner diameter of plastic
cannula is the same as that of a metal needle that is one
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Step 1: 16-G, BFR 280 mL/min

}

Step 2: 16-G, BFR 300 mL/min

Step 3: 16-G, BFR 330 mL/min

}

Step 4: 15-G, BFR 330 mL/min

Figure 1. Study protocol.
BFR, blood flow rate; G, gauge.

gauge larger; e.g., a 16-G metal needle has the same inner
diameter as a 17-G plastic cannula (Supplementary Table
1, available online). We compared SVs obtained using 15-G
and 16-G needles. Metal needles were used at the start of
the study protocol. The blood flow rate and needle size
were increased in a stepwise manner. Each step was per-
formed three times, and when a patient was able to tolerate
one step, the next step was started. After reaching the last
step with a metal needle, patients moved to the steps with
a plastic cannula. The treatment times were fixed at 240
minutes. During the study, training of nursing staff on the
study protocol was not required.

Postdilution HDF was performed using a 5008 CorDiax
HDF machine (Fresenius Medical Care) with the AutoSub
plus function. High-flux polysulfone dialyzers (surface
area, 1.8 m’, FX80; Fresenius Medical Care) were used. The
dialysis and substitution fluid composition were standard-
ized as follows: sodium, 140 mEq/L; potassium, 2 mEq/L;
calcium, 3.0 mEq/L; and bicarbonate, 32 mEq/L. Unfrac-
tionated heparin was used for anticoagulation. Sterile and
nonpyrogenic substitution fluids were produced by ultra-
filtration of the ultrapure dialysate. Ultrapure quality was
defined as a bacterial count of <0.1 colony forming unit/
mL and endotoxin level of <0.025 endotoxin unit/mL [21].

Measurements

Demographic (age and sex), medical history (diabetes,
hypertension, and dialysis duration), and clinical data
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Step 1: 17-G, BFR 280 mL/min

!

Step 2: 17-G, BFR 300 mL/min

Step 3: 16-G, BFR 330 mL/min

}

Step 4: 17-G, BFR 330 mL/min

!

Step 5: 16-G, BFR 330 mL/min

were collected at baseline. Biochemical parameters were
assessed before HD. Single-pool Kt/V was determined
using two-point urea modeling based on the intradialytic
decrease in blood urea concentration and intradialytic
weight loss [22]. The reduction ratio of 2-microglobulin
was calculated using the plasma concentrations of the
solute before and at the end of HD [23]. The concentra-
tion at the end of HD was corrected for ultrafiltration. The
SVs were automatically adapted and obtained based on
pressure pulse attenuation and cross-membrane pressure
assessment by the signal analysis, known as the AutoSub
plus function [24]. A visual analogue scale (VAS) was used
to assess the perception of pain caused by using plastic
cannulae and metal needles. VAS is a validated, subjective
measure for acute and chronic pain [25]. Scores are record-
ed by making a handwritten mark on a 10 cm line that rep-
resents a continuum between “no pain” (0 cm) and “worst
pain” (10 cm) [26].

Statistical analyses

Data are expressed as mean (+standard deviation, SD)
for continuous variables and as numbers of patients and
percentages for categorical variables. Linear mixed-effect
models were used to analyze associations between the in-
crease in steps and SV, factors related to SV, and compari-
son of SV according to the needle type and size. Differences
in VAS, Kt/V, and the reduction ratio of p2-microglobulin
for each step were also analyzed using linear mixed-effect
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models. A post hoc Tukey test was used to compare differ-
ences in the response variables between the groups. Each
subject in the models was used as a random factor. The
model to identify factors related to SV was adjusted for se-
rum albumin level and hematocrit, which are factors used
to estimate convection volume in patients during OL-HDF
[27]. Statistical analyses were performed using R software
(version 4.0.5; R Foundation for Statistical Computing,
Vienna, Austria; https://www.R-project.org/). All p-values
were two-sided, and p < 0.05 was considered to be signifi-
cant.

Results
Baseline characteristics

A total of 26 patients were included in the study, and all pa-
tients completed each step. Patient characteristics are sum-
marized in Table 1. The mean age was 62.7 years, 23.1%
were women, the average dialysis vintage was 95.2 months,
and 57.7% had diabetes. The mean hematocrit was 31.5%,
and the mean serum albumin concentration was 3.9 g/dL.
A high percentage (92.3%) of patients had an AVF as the
vascular access. The mean blood flow was 285 mL/min.

Substitution volumes at each step

The mean (SD) values for each step and trends for the
changes in SV in the different steps are shown in Fig. 2.
Positive linear trends could be seen for each step. As blood
flow and needle size increased, the SV increased using
both plastic cannulas (p coefficient, 0.80; 95% confidential
interval [CI], 0.61-0.97; p < 0.001) and metal needles (f co-
efficient, 1.14; 95% CI, 0.95-1.33; p < 0.001).

Next, we used a linear mixed-effect model to identify
factors associated with the SV. After adjusting for serum al-
bumin concentration and hematocrit, high SV was signifi-
cantly associated with the use of plastic needles (vs. metal
needle: B coefficient, 1.69; 95% CI, 1.33-2.05; p < 0.001),
blood flow rates of 300 mL/min (vs. 280 mL/min: p coeffi-
cient, 1.29; 95% CI, 0.79-1.78; p < 0.001) and 330 mL/min
(vs. 280 mL/min: p coefficient, 2.64; 95% CI, 2.14-3.13; p <
0.001), and use of 15-G needles (vs. 16-G needles: p coeffi-
cient, 0.67; 95% CI, 0.26-1.08; p < 0.001).
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Table 1. Baseline characteristics of the study subjects

Characteristic Data

No. of participants 26

Age (yr) 62.7+11.1
Male sex 20 (76.9)
Body mass index (kg/m?) 24.6 + 3.7
Predialysis SBP (mmHg) 148.4 + 22.0
Predialysis DBP (mmHg) 705+ 141
Duration of dialysis (mo) 95.2+57.8
Diabetes 15 (57.7)
Hypertension 17 (65.4)
Vascular access, AVF 24 (92.3)
Blood flow rate (mL/min) 285+ 16.1
Hemoglobin (g/dL) 10.4 + 0.7
Hematocrit (%) 31.5+23
Albumin (g/dL) 39103
Calcium (mg/dL) 88+0.7
Phosphorus (mg/dL) 51+11
Single-pool Kt/V 1.8+0.3

Data are expressed as number only, mean + standard deviation, or num-
ber (%).

AVF, arteriovenous fistula; DBP, diastolic blood pressure; SBP, systolic
blood pressure.

Comparisons of substitution volumes

The comparison of SVs for plastic cannulae and metal
needles is shown in Fig. 3. For 16-G needles, the SVs were
significantly higher when using plastic cannulae than met-
al needles at blood flow rates of 280 (estimated difference,
1.39; standard error [SE], 0.37; p < 0.001), 300 (estimated
difference, 1.88; SE, 0.38; p < 0.001), and 330 (estimated
difference, 2.32; SE, 0.38; p < 0.001) mL/min. For 15-G nee-
dles, the SVs were higher for plastic cannulae than for met-
al needles, but the significance was borderline (estimated
difference, 1.17; SE, 0.38; p = 0.05).

Visual analogue scale of perceived pain according to nee-
dle type

The comparison of pain VAS scores according to needle
type is shown in Fig. 4. For 15-G needles, the VAS score for
pain was higher for plastic cannulae than for metal needles
(3.76 + 1.46 vs. 2.62 + 1.53; p < 0.001). For 16-G needles,
the VAS score was also higher for plastic cannulae than for
metal needles (3.94 + 1.73 vs. 2.73 + 1.40; p < 0.001).
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Figure 2. Spaghetti plot of SVs plotted separated for metal needles (A) and plastic cannulae (B). The smooth lines (blue) show the
linear trend of SVs using locally estimated scatterplot smoothing analysis.
SD, standard deviation; SV, substitution volume.
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Figure 3. SVs by needle size and type. (A) 16-Gauge (G) metal needle vs. 17-G plastic cannula. (B) 15-G metal needle vs. 16-G plastic

cannula.

SV, substitution volume.
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Kt/V and B2-microglobulin reduction ratio

We compared the changes in Kt/V and p2-microglobulin
reduction ratio between needle types (Table 2). For metal
needles, the Kt/V and B2-microglobulin reduction ratio
tended to be higher for step 4 compared with step 1 (p
< 0.001). For plastic cannulae, the Kt/V was significantly
higher for step 5 compared with step 1. The change in the
B2-microglobulin reduction ratio did not change signifi-
cantly between steps 1 and 5 (p = 0.70). In step 1, plastic
cannulae showed higher Kt/V (p = 0.01) and p2-microglob-
ulin reduction ratio (p = 0.01) than metal needles. Between

Type
* Metal needle
87 3 Plastic cannula
p < 0.001 p < 0.001
6 -
%)
< 47
2 -
O -

T T
15-G metal needle 16-G metal needle
vs. 16-G plastic cannula vs. 17-G plastic cannula

Figure 4. VAS pain scores.
G, gauge; VAS, visual analogue scale.

step 4 of metal needles and step 5 of plastic cannulae, the
difference in Kt/V was not significant (p = 0.05), and p2-mi-
croglobulin reduction ratio with metal needle was signifi-
cantly higher than with plastic cannula (p = 0.003).

Discussion

In this study, we found that the SVs were higher using plas-
tic cannulae than metal needles in patients undergoing
OL-HDF. With both types of needles, the SVs increased
with higher blood flow rates and needle size. However,
plastic cannula insertion was perceived by the patients to
be more painful than metal needle puncturing. We used a
stepwise protocol to the adjust blood flow rate and needle
size. The first step involved a low blood flow rate and high
needle gauge. Thereafter, the blood flow rate was increased
and a lower gauge needle was used. All participants toler-
ated each step. In the protocol for the use of metal needles,
the 15-G metal needle was not applied at a blood flow rate
of 300 mL/min. The choice of gauge may be based on AVF
vintage and expansion, patient tendency for bleeding, and
patient preference [28]. Except for the initial cannulation,
most guidelines do not recommend a specific gauge but in-
stead recommend that the needle gauge matches the blood
flow rate [29]. However, there is concern that larger needles
are associated with complications of vascular access. We
used 15-G metal needles only at the highest blood flow rate
in our protocol.

Traditional sharp metal needles used to cannulate vas-
cular access can harm the vessel or even infiltrate into the
vessel wall during cannulation or during HD treatment.
With plastic cannulae, the risk of vessel damage during HD
or infiltration may be reduced because the cannula is soft
and made of flexible material and the introducer needle is
smaller than a metal needle. Studies have found that the

Table 2. Kt/V and B2-microglobulin reduction ratio according to the needle type

Variable Metal needle Plastic cannula p-value
Step 1
Kt/V 1.64 +0.28 1.78 £ 031 0.01
f2-microglobulin reduction ratio (%) 70.56 + 10.12 75.49 +8.31 0.01
Steps 4,5
Kt/V 2.02+0.44 1.92+0.35 0.05
2-microglobulin reduction ratio (%) 82.01+3.81 75.14 £ 10.28 0.003

Data are expressed as mean + standard deviation.
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use of plastic cannulae results in lower rates of vessel dam-
age, infiltration, and hematoma, and less stenosis of the
vascular access [16,18,30]. Early cannulation with a plastic
cannula, which means use of vascular access before 10
days from creation, did not affect vascular access patency
in a retrospective cohort study in Japan [31].

OL-HDF is currently the most advanced and promising
alternative to conventional HD. Previous large RCTs and
observational studies have failed to show a consistent sig-
nificant beneficial effect of OL-HDF on all-cause mortality
[6-9,32,33]. However, the results of a pooled analysis of
individual data from the RCTs and meta-analysis showed
significant all-cause and cardiovascular survival benefits
of HDF over HD when high convection volumes were
achieved [10,34,35]. Treatment time, blood flow rate, and
filtration fraction are stronger determinants of the con-
vection volume than individual characteristics [36]. In
feasibility studies, high-volume HDF was possible for >80%
of HD sessions with modification of these factors [24,36].
However, the blood flow rate applied in these studies was
>350 mL/min, which cannot be achieved easily in patients
with fragile vascular access. In Asian patients, a low blood
flow rate is the main obstacle to high-volume HDFE. In this
regard, our study suggests that the use of plastic cannu-
lae may be an option for increasing SVs in patients whose
blood flow rate is <350 mL/min.

In preliminary clinical observations, flow images at ve-
nous cannulation sites show distinct patterns for the two
types of needles [37]. Images of metal needles show that
the jet flow effect appears to be a solid stream projected to-
ward the vessel wall. In contrast, images of plastic cannulae
show that this effect appears more diffuse and extends from
the side holes to the tip of the cannula toward the center
of the vessel lumen. A study of hemodynamics found that
the plastic cannula helps to maintain stable blood flow and
reduces dynamic arterial and venous pressure despite the
smaller diameter of the inner introducer needle compared
with a metal needle [20]. There were lower negative arterial
pre-pump pressures and lower venous pressures during
HD with the use of plastic cannulae compared with the
metal needles at all prescribed blood pump flow rates. The
real blood flow rate is somewhat lower than the set value,
and a higher the blood pump speed is correlated with a
wider difference [38,39]. This phenomenon is explained
by partial collapse of the tubes at more negative pre-pump

pressures, which may be more prominent in HDF because
it has more negative pre-pump pressure than conventional
HD. These findings support our results showing that plas-
tic cannulae can achieve higher SVs than metal needles. A
plastic cannula has four sides with round holes all along
the circumference of the tip, which improves steady blood
flow during dialysis and prevents occlusion of the cannula
by the vessel wall [30]. The VAS pain scores were higher for
plastic cannulae than metal needles in this study. Previ-
ous studies have reported inconsistent results for the pain
response during cannulation using plastic cannulae and
metal needles [16,30]. Choi et al. [16] reported that plastic
cannula insertion is more painful than metal needle punc-
turing. The larger outer diameter of the plastic cannula
might be one of reasons for the high VAS pain scores of
plastic cannulae. Furthermore, the insertion techniques
differ between plastic cannulae and metal needles [17]. Be-
cause of the complicated cannulation technique, miscan-
nulation can occur when trying to insert a plastic cannula,
which might also cause pain. Adequate training of nursing
staff is needed for the use of plastic needles in clinical prac-
tice. For example, Choi et al. [16] noted that nursing staff
felt that plastic cannulae were much easier to use after a
training period.

SVs with 16-G plastic cannulae were higher than ones
with 15-G metal needles. However, the 15-G metal needles
also give high SVs, so the difference in SVs by needle types
was not significant (24.4 + 3.3 with 16-G plastic cannula
vs. 23.1 + 3.3 with 15-G metal needle at blood flow rate of
330 mL/min). High convection volumes are advantageous
to small molecule removal. We found that Kt/Vs were
significantly improved in both metal needles and plastic
cannulae as steps increased. However, f2-microglobulin
reduction ratios were not significantly increased with plas-
tic cannulae in higher step. The mean p2-microglobulin
reduction ratios at the first step were higher with plastic
cannulae than with metal needles, due to the high SVs of
plastic cannulae. However, the f2-microglobulin reduction
ratio with plastic cannulae at the fifth step did not signifi-
cantly increase, despite high SVs, compared with the first
step. Furthermore, the f2-microglobulin reduction ratio
with plastic cannulae was lower than with metal needles at
later steps. The relationship between convection volume
and removal amount of middle molecules is unclear [40].
f2-microglobulin reduction ratio according to needle type
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should be investigated in future studies.

This study has several limitations. First, we used a re-
peated-measures design with the same participants for the
response variable. There are several threats to the internal
validity of this design because when patients are tested
several times, their scores tend to regress toward the mean
and may change during the course of the experiment.
However, this study design helps to make a study more effi-
cient and keeps the variability low while allowing for small-
er-than-usual subject groups. Second, we enrolled a small
number of patients from a single center, and therefore, our
results are not generalizable. However, there are few data
on the effects of needle type on SV during OL-HDEF. Our
findings suggest that plastic cannulae can be considered as
a modifying factor for high-volume HDE. Third, we did not
measure the dynamic venous pressure and effective blood
flow rate at the cannulation site. Further studies are needed
to compare the hemodynamic effects of these two types of
needles.

In conclusion, SVs during OL-HDF differed between
the two types of needles. Higher SVs were achieved with
plastic cannulae than with metal needles. This may reflect
the ability of plastic cannulae to maintain a stable blood
flow rate with less negative pressure, but further studies
are needed to confirm this result. Our findings suggest
that plastic cannulae can be used for patients who cannot
achieve high-volume HDF because of a low blood flow rate.

Conflicts of interest
All authors have no conflicts of interest to declare.
Funding

This research was supported by Hallym University Re-
search Fund 2021 (HURF-2021-29).

Data sharing statement

The data presented in this study are available on request
from the corresponding author.

Authors’ contributions

Conceptualization: AJC, HCP, YRS, JWY, YKL

124 www.krcp-ksn.org

Data curation: ShK

Formal analysis: AJC, JKK, YKL
Investigation: GC

Methodology: DHK, GHS

Project administration, Supervision YKL
Resources: HBC

Software: AJC

Visualization: HK

Writing-original draft: AJC
Writing-review & editing: AJC

All authors read and approved the final manuscript.

ORCID

AJin Cho, https://orcid.org/0000-0001-7097-7026

Hayne Cho Park, https://orcid.org/0000-0002-1128-3750
Do Hyoung Kim, https://orcid.org/0000-0002-8664-8830
Han Byul Choi, https://orcid.org/0000-0003-3983-1488
Gi Hyun Song, https://orcid.org/0000-0002-1620-2227
Hyunsuk Kim, https://orcid.org/0000-0003-1889-253X
Seok-hyung Kim, https://orcid.org/0000-0001-6092-7826
Gwangho Choi, https://orcid.org/0000-0002-9564-3900
Jwa-Kyung Kim, https://orcid.org/0000-0002-7726-2143
Young Rim Song, https://orcid.org/0000-0003-0294-354X
Jong-Woo Yoon, https://orcid.org/0000-0002-7915-3733
Young-Ki Lee, https://orcid.org/0000-0001-5323-9443

References

1. Saran R, Robinson B, Abbott KC, et al. US Renal Data System
2017 annual data report: epidemiology of kidney disease in the
United States. Am J Kidney Dis 2018;71:A7.

2. Eknoyan G, Beck GJ, Cheung AK, et al. Effect of dialysis dose
and membrane flux in maintenance hemodialysis. N Engl ] Med
2002;347:2010-2019.

3. Tattersall JE, Ward RA; EUDIAL group. Online haemodiafiltra-
tion: definition, dose quantification and safety revisited. Nephrol
Dial Transplant 2013;28:542-550.

4. Akizawa T, Koiwa E. Clinical expectation of online hemodiafiltra-
tion: a Japanese perspective. Blood Purif2015;40 Suppl 1:12-16.

5. Schmid H, Schiffl H. Hemodiafiltration and survival of end-
stage renal disease patients: the long journey goes on. Int Urol
Nephrol 2012;44:1435-1440.

6. OKE, Asci G, Toz H, et al. Mortality and cardiovascular events in

online haemodiafiltration (OL-HDF) compared with high-flux


https://doi.org/10.1053/j.ajkd.2018.01.002
https://doi.org/10.1053/j.ajkd.2018.01.002
https://doi.org/10.1053/j.ajkd.2018.01.002
https://doi.org/10.1056/nejmoa021583
https://doi.org/10.1056/nejmoa021583
https://doi.org/10.1056/nejmoa021583
https://doi.org/10.1093/ndt/gfs530
https://doi.org/10.1093/ndt/gfs530
https://doi.org/10.1093/ndt/gfs530
https://doi.org/10.1159/000437405
https://doi.org/10.1159/000437405
https://doi.org/10.1007/s11255-012-0232-y
https://doi.org/10.1007/s11255-012-0232-y
https://doi.org/10.1007/s11255-012-0232-y
https://doi.org/10.1093/ndt/gfs407
https://doi.org/10.1093/ndt/gfs407

Cho, et al. Plastic cannula and substitution volume

10.

11.

dialysis: results from the Turkish OL-HDF Study. Nephrol Dial
Transplant 2013;28:192-202.

. Nubé M]J, Peters SA, Blankestijn PJ, et al. Mortality reduction by

post-dilution online-haemodiafiltration: a cause-specific analy-
sis. Nephrol Dial Transplant 2017;32:548-555.

. Morena M, Jaussent A, Chalabi L, et al. Treatment tolerance

and patient-reported outcomes favor online hemodiafiltration
compared to high-flux hemodialysis in the elderly. Kidney Int
2017;91:1495-1509.

. Grooteman MP, van den Dorpel MA, Bots ML, et al. Effect of on-

line hemodiafiltration on all-cause mortality and cardiovascular
outcomes. ] Am Soc Nephrol 2012;23:1087-1096.

Peters SA, Bots ML, Canaud B, et al. Haemodiafiltration and
mortality in end-stage kidney disease patients: a pooled individ-
ual participant data analysis from four randomized controlled
trials. Nephrol Dial Transplant 2016;31:978-984.

Kim DH, Lee YK, Park HC, et al. Stepwise achievement of high
convection volume in post-dilution hemodiafiltration: a pro-
spective observational study. Semin Dial 2021;34:368-374.

12. Marticorena RM, Hunter J, CookR, et al. A simple method to cre-

13.

14.

ate buttonhole cannulation tracks in a busy hemodialysis unit.
Hemodial Int 2009;13:316-321.

Atkar RK, MacRae JM. The buttonhole technique for fistula
cannulation: pros and cons. Curr Opin Nephrol Hypertens 2013;
22:629-636.

van Loon M. How to improve vascular access care. Contrib
Nephrol 2015;184:222-233.

15. Ball LK. The buttonhole technique for arteriovenous fistula can-

nulation. Nephrol Nurs ] 2006;33:299-304.

16. Choi YS, Lee HS, Joo N, et al. Efficacy and safety of plastic cannu-

lae compared with metal needles in the initial use of an arterio-
venous fistulae in incident hemodialysis patients: a randomized
controlled study. Am J Nephrol 2021;52:479-486.

17. Smith V, Schoch M. Plastic cannula use in hemodialysis access. J

18.

19.

Vasc Access 2016;17:405-410.

Nalesso E Garzotto F Muraro E, Brendolan A, Ronco C. Fistula
cannulation with a novel fistula cannula: a review of cannula-
tion devices and procedures. Blood Purif2018;45:278-283.
Parisotto MT, Schoder VU, Miriunis C, et al. Cannulation tech-
nique influences arteriovenous fistula and graft survival. Kidney
Int2014;86:790-797.

20. Choi SR, Park P, Han S, et al. Comparison of dynamic arterial and

venous pressure between metal needles and plastic cannulas in
incident hemodialysis patients with arteriovenous graft. J Vasc
Access 2021;22:42-47.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Schiffl H. Online hemodiafiltration and mortality risk in end-
stage renal disease patients: a critical appraisal of current evi-
dence. Kidney Res Clin Pract 2019;38:159-168.

National Kidney Foundation. KDOQI clinical practice guide-
line for hemodialysis adequacy: 2015 update. Am J Kidney Dis
2015;66:884-930.

Bergstrom J, Wehle B. No change in corrected beta 2-microglob-
ulin concentration after cuprophane haemodialysis. Lancet
1987;1:628-629.

de Roij van Zuijdewijn CL, Chapdelaine I, Nubé MJ, et al.
Achieving high convection volumes in postdilution online he-
modiafiltration: a prospective multicenter study. Clin Kidney J
2017;10:804-812.

Delgado DA, Lambert BS, Boutris N, et al. Validation of digital
visual analog scale pain scoring with a traditional paper-based
visual analog scale in adults. ] Am Acad Orthop Surg Glob Res
Rev 2018;2:e088.

Boonstra AM, Schiphorst Preuper HR, Reneman ME Posthumus
JB, Stewart RE. Reliability and validity of the visual analogue
scale for disability in patients with chronic musculoskeletal
pain. Int ] Rehabil Res 2008;31:165-169.

Penne EL, van der Weerd NC, Bots ML, et al. Patient- and treat-
ment-related determinants of convective volume in post-dilu-
tion haemodiafiltration in clinical practice. Nephrol Dial Trans-
plant 2009;24:3493-3499.

Chapdelaine I, de Roij van Zuijdewijn CL, Mostovaya IM, et al.
Optimization of the convection volume in online post-dilution
haemodiafiltration: practical and technical issues. Clin Kidney J
2015;8:191-198.

Tordoir J, Canaud B, Haage P, et al. EBPG on vascular access.
Nephrol Dial Transplant 2007;22 Suppl 2:ii88-ii117.

Parisotto MT, Pelliccia E Bedenbender-Stoll E, Gallieni M. Hae-
modialysis plastic cannulae: a possible alternative to traditional
metal needles? J Vasc Access 2016;17:373-379.

Shi K, Jiang H, Wakabayashi M. Effect of early cannulation with
plastic cannula on arteriovenous fistula patency in hemodialysis
patients. Blood Purif2020;49:79-84.

Kikuchi K, Hamano T, Wada A, Nakai S, Masakane I. Predilution
online hemodiafiltration is associated with improved survival
compared with hemodialysis. Kidney Int 2019;95:929-938.
Mercadal L, Franck JE, Metzger M, Urena Torres P, de Cornelis-
sen E Edet S, et al. Hemodiafiltration versus hemodialysis and
survival in patients with ESRD: te French Renal Epidemiology
and Information Network (REIN) registry. Am J Kidney Dis
2016;68:247-255.

www.krcp-ksn.org

125


https://doi.org/10.1093/ndt/gfs407
https://doi.org/10.1093/ndt/gfs407
https://doi.org/10.1093/ndt/gfw381
https://doi.org/10.1093/ndt/gfw381
https://doi.org/10.1093/ndt/gfw381
https://doi.org/10.1016/j.kint.2017.01.013
https://doi.org/10.1016/j.kint.2017.01.013
https://doi.org/10.1016/j.kint.2017.01.013
https://doi.org/10.1016/j.kint.2017.01.013
https://doi.org/10.1681/asn.2011121140
https://doi.org/10.1681/asn.2011121140
https://doi.org/10.1681/asn.2011121140
https://doi.org/10.1093/ndt/gfv349
https://doi.org/10.1093/ndt/gfv349
https://doi.org/10.1093/ndt/gfv349
https://doi.org/10.1093/ndt/gfv349
https://doi.org/10.1111/sdi.12966
https://doi.org/10.1111/sdi.12966
https://doi.org/10.1111/sdi.12966
https://doi.org/10.1111/j.1542-4758.2009.00373.x
https://doi.org/10.1111/j.1542-4758.2009.00373.x
https://doi.org/10.1111/j.1542-4758.2009.00373.x
https://doi.org/10.1097/mnh.0b013e328365ae9e
https://doi.org/10.1097/mnh.0b013e328365ae9e
https://doi.org/10.1097/mnh.0b013e328365ae9e
https://doi.org/10.1159/000366121
https://doi.org/10.1159/000366121
http://www.ncbi.nlm.nih.gov/pubmed/16859201
http://www.ncbi.nlm.nih.gov/pubmed/16859201
https://doi.org/10.1159/000516212
https://doi.org/10.1159/000516212
https://doi.org/10.1159/000516212
https://doi.org/10.1159/000516212
https://doi.org/10.5301/jva.5000521
https://doi.org/10.5301/jva.5000521
https://doi.org/10.1159/000485594
https://doi.org/10.1159/000485594
https://doi.org/10.1159/000485594
https://doi.org/10.1038/ki.2014.96
https://doi.org/10.1038/ki.2014.96
https://doi.org/10.1038/ki.2014.96
https://doi.org/10.1177/1129729820916579
https://doi.org/10.1177/1129729820916579
https://doi.org/10.1177/1129729820916579
https://doi.org/10.1177/1129729820916579
https://doi.org/10.23876/j.krcp.18.0160
https://doi.org/10.23876/j.krcp.18.0160
https://doi.org/10.23876/j.krcp.18.0160
https://doi.org/10.1053/j.ajkd.2018.01.002
https://doi.org/10.1053/j.ajkd.2018.01.002
https://doi.org/10.1053/j.ajkd.2018.01.002
https://doi.org/10.1016/s0140-6736(87)90266-2
https://doi.org/10.1016/s0140-6736(87)90266-2
https://doi.org/10.1016/s0140-6736(87)90266-2
https://doi.org/10.1093/ckj/sfw140
https://doi.org/10.1093/ckj/sfw140
https://doi.org/10.1093/ckj/sfw140
https://doi.org/10.1093/ckj/sfw140
https://doi.org/10.5435/jaaosglobal-d-17-00088
https://doi.org/10.5435/jaaosglobal-d-17-00088
https://doi.org/10.5435/jaaosglobal-d-17-00088
https://doi.org/10.5435/jaaosglobal-d-17-00088
https://doi.org/10.1097/mrr.0b013e3282fc0f93
https://doi.org/10.1097/mrr.0b013e3282fc0f93
https://doi.org/10.1097/mrr.0b013e3282fc0f93
https://doi.org/10.1097/mrr.0b013e3282fc0f93
https://doi.org/10.1093/ndt/gfp265
https://doi.org/10.1093/ndt/gfp265
https://doi.org/10.1093/ndt/gfp265
https://doi.org/10.1093/ndt/gfp265
https://doi.org/10.1093/ckj/sfv003
https://doi.org/10.1093/ckj/sfv003
https://doi.org/10.1093/ckj/sfv003
https://doi.org/10.1093/ckj/sfv003
https://doi.org/10.1093/ndt/gfm021
https://doi.org/10.1093/ndt/gfm021
https://doi.org/10.5301/jva.5000594
https://doi.org/10.5301/jva.5000594
https://doi.org/10.5301/jva.5000594
https://doi.org/10.1159/000503678
https://doi.org/10.1159/000503678
https://doi.org/10.1159/000503678
https://doi.org/10.1016/j.kint.2018.10.036
https://doi.org/10.1016/j.kint.2018.10.036
https://doi.org/10.1016/j.kint.2018.10.036
https://doi.org/10.1053/j.ajkd.2015.11.016
https://doi.org/10.1053/j.ajkd.2015.11.016
https://doi.org/10.1053/j.ajkd.2015.11.016
https://doi.org/10.1053/j.ajkd.2015.11.016

Kidney Res Clin Pract 2023;42(1):117-126

34.

35.

36.

37.

Susantitaphong P, Siribamrungwong M, Jaber BL. Convective
therapies versus low-flux hemodialysis for chronic kidney fail-
ure: a meta-analysis of randomized controlled trials. Nephrol
Dial Transplant 2013;28:2859-2874.

Mostovaya IM, Blankestijn PJ, Bots ML, et al. Clinical evidence
on hemodiafiltration: a systematic review and a meta-analysis.
Semin Dial 2014;27:119-127.

Marcelli D, Scholz C, Ponce P, et al. High-volume postdilution
hemodiafiltration is a feasible option in routine clinical practice.
Artif Organs 2015;39:142-149.

Marticorena RM, Donnelly SM. Impact of needles in vascular
access for hemodialysis. J Vasc Access 2016;17 Suppl 1:S32-S37.

126  www.krcp-ksn.org

38. Leblanc M, Bosc JY, Vaussenat F, Maurice E Leray-Moragues H,

Canaud B. Effective blood flow and recirculation rates in inter-
nal jugular vein twin catheters: measurement by ultrasound
velocity dilution. Am J Kidney Dis 1998;31:87-92.

39. Canaud B, Leray-Moragues H, Kerkeni N, Bosc JY, Martin K. Ef-

fective flow performances and dialysis doses delivered with per-
manent catheters: a 24-month comparative study of permanent
catheters versus arterio-venous vascular accesses. Nephrol Dial
Transplant 2002;17:1286-1292.

40. Masakane I, Sakurai K. Current approaches to middle mole-

cule removal: room for innovation. Nephrol Dial Transplant
2018;33:iii12-iii21.


https://doi.org/10.1093/ndt/gft396
https://doi.org/10.1093/ndt/gft396
https://doi.org/10.1093/ndt/gft396
https://doi.org/10.1093/ndt/gft396
https://doi.org/10.1111/sdi.12200
https://doi.org/10.1111/sdi.12200
https://doi.org/10.1111/sdi.12200
https://www.ncbi.nlm.nih.gov/pubmed/26080930
https://doi.org/10.1111/aor.12345
https://doi.org/10.1111/aor.12345
https://doi.org/10.1111/aor.12345
https://doi.org/10.5301/jva.5000534
https://doi.org/10.5301/jva.5000534
https://doi.org/10.1053/ajkd.1998.v31.pm9428457
https://doi.org/10.1053/ajkd.1998.v31.pm9428457
https://doi.org/10.1053/ajkd.1998.v31.pm9428457
https://doi.org/10.1053/ajkd.1998.v31.pm9428457
https://doi.org/10.1093/ndt/17.7.1286
https://doi.org/10.1093/ndt/17.7.1286
https://doi.org/10.1093/ndt/17.7.1286
https://doi.org/10.1093/ndt/17.7.1286
https://doi.org/10.1093/ndt/gfy224
https://doi.org/10.1093/ndt/gfy224
https://doi.org/10.1093/ndt/gfy224

	Introduction
	Methods
	Study design and population 
	Procedures
	Measurements
	Statistical analyses  

	Results
	Baseline characteristics 
	Substitution volumes at each step 
	Comparisons of substitution volumes 
	Visual analogue scale of perceived pain according to needle type 

	Discussion
	Conflicts of interest 
	Funding
	Data sharing statement 
	Authors’ contributions
	ORCID
	References

