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Abstract

who were dialyzed with the BH technique.

the RL technique and no difference in dialysis efficacy.

Objective: In this study, we investigated whether there was any difference in pain and dialysis efficacy when
patients who initially entered dialysis with the rope ladder technique were switched to the buttonhole technique.

Methods: We reduced the space between needles and examined the effects on access blood flow rate, dialysis
efficacy, and pain levels with BH technique. Forty-four patients participated, 25with dialysis needles placed 5-7 cm
apart using the BH technique, and 19 with needles placed 7-10 cm apart.

Results: There was a significant reduction in the pain sensation in both groups from patients who passed the rope
ladder technique to the buttonhole technique from the onset to the sixth month. There was no difference in
dialysis efficacy between the patients who passed the lope ladder technique to the buttonhole technique; also,
there was no difference in the dialysis efficacy compared to the needle entry interval in two groups of patients

Discussion: The BH technique continues to attract interest due to its dramatically reduced pain levels compared to

Keywords: Arteriovenous fistulas, Access blood flow rate, Cannulation pain

Introduction

It is essential to establish and maintain appropriate vascular
access in haemodialysis (HD) patient [1]. Arteriovenous
fistulae (AVF) are recommended by many national clinical
guidelines as the vascular access of choice for HD patients
with end-stage kidney disease [2]. The traditional type of
AVF puncture is the rope-ladder (RL) technique. Another
method, the buttonhole (BH) or constant-site technique,
uses the same AVF cannulation sites for every dialysis
session with the aim of minimising venous damage [3]. The
BH puncture method is considered a good alternative to
RL and is currently recommended by several scientific
societies, including the National Kidney Foundation/Kidney
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Disease Outcomes Quality Initiative (NKF/KDOQI) and
the European Vascular Access Society [4]. BH needling was
initially popular for home HD, but its use has spread to
include clinical centre dialysis. The technique requires the
creation of a single tract using a standard sharp fistula
needle, which can then be accessed using a blunt needle at
the same entry site and tract each time. The main advan-
tages reported for the BH technique include easier AVF
cannulation, fewer puncture failures, less pain, more rapid
haemostasis after needle removal and fewer aneurysms and
haematomas [5]. However, several studies have shown a
higher rate of infection associated with BH fistula access
compared to sharp needle puncture techniques [6]. Recent
systematic reviews have concluded that BH cannulation
may be associated with a higher rate of local infection and
bacteraemia compared to area puncture needling, but more
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definitive studies are required to reach firm conclusions
[7, 8], as some studies have not noted increased systemic
infections from BH needling [9].

Observational studies have failed to prove a longer
fistula survival time for the BH technique compared to
standard RL needling [9, 10]. In this study, we wanted to
compare the cannulation pain levels and dialysis activ-
ities between the rope ladder technique and the button-
hole technique. We also distinguished the patients using
the buttonhole technique, two groups according to the
distance of the cannulation points. We compared their
pain values and dialysis activities.

We investigated several parameters, such as vascular
area blood flow rate (BFR) between the needles, dialysis
venous pressure (DVP), dialysis adequacy (Kt/V), pain
during cannulation and the distance between needles.
Patients with AVF were placed into two groups accord-
ing to entry points. We compared patients with fistula
needles spaced from 5-7 cm to those with spaced from
7-10 cm in terms of pain sensitivity and dialysis efficacy.

Material and methods

This study was approved by the Baskent University
Institutional Review Board and Ethics Committee (pro-
ject no: KA15/170). The research adhered to the tenets
of the Declaration of Helsinki, and a detailed written
informed consent form was obtained prior to each individ-
ual’s participation in the study. We designed a prospective
single-centre crossover study to compare the BH and RL
cannulation methods for 1year in 44 stable HD patients
with end-stage renal disease undergoing regular HD in the
Haemodialysis Unit at Baskent University Konya Hospital.
Eligible individuals were over 18years of age and had
received HD three times weekly, 4 h per session, for at least
6 months prior and had mature AVFs used for RL
cannulation.

In the study, BH tunnel tracts were established for all
the patients. Three patients were excluded from the
study due to prolonged bleeding in the fistula whilst
starting the buttonhole cannulation. In patients under-
going the RL technique in previous sessions, a tunnel
line was created for the BH technique by the selected
nurses at the beginning of the study which were experi-
enced in cannulation access. Pain sensitivity and dialysis
efficacy were investigated according to the distance
between cannulation points after the tunnel was estab-
lished. Haemodialysis patients who had no problem with
their fistulas were included in the study. All patients
understood the purpose of this study, and there were no
problems with communication. Using local anaesthetic
agents during cannulation might reduce the pain, but it
was not cost effective. The patients were informed about
the study and their approval was obtained. The exclu-
sion criteria were AV grafts or central venous catheters,
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an infection on the fistula line, skin disease over or
around the access point, a need for interventions due to
AVF dysfunction, and the inability to tolerate > 300 ml/
min of blood flow during HD. The blood flow rate (BFR)
of the HD machine was maintained at 300 ml/min, and
the perfusion rate of the dialysis solution was 500 ml/
min. Heparin was used for anticoagulation during HD.

To form the tunnel line, six to nine cannulations were
made by the same nurse for the same patient. The skin
at the cannulation site was cleaned with alcohol and
betadine, and two 16-gauge sharp needles were inserted
at 20—45° angles [11]. The arterial cannulation site was
placed in the more distal segment of the access but at
least 3cm from the AV anastomotic site. A venous
needle was inserted at a minimum distance of 5cm
proximal to the arterial needling site to avoid the previ-
ous cannulation site.

The patients were divided into two groups according
to the distance between the arterial and venous needle
points. The diameter of the area between the arterial
and venous cannulation sites was 5-7 cm in 25 patients
(group 1) and 7-10cm in the remaining 19 patients
(group 2). After six to nine cannulations with sharp nee-
dles, two pairs of tunnel tracts for the BH method were
established at the venous and arterial needling sites [12].
After six to nine dialysis sessions, the same nurse
inserted 16-gauge blunt needles at 25° angles for the BH
technique. Needles were inserted using the classical
method, with the arterial set directed towards the ex-
tremity of the arm, and the venous set directed towards
the heart. The distance between the needles was mea-
sured with a ruler.

Vascular access BFR in the area between the needles
(AVF BFR), Kt/V and DVP were measured during the first
week and at the end of the 12th month study period. All
patients underwent colour Doppler examinations with a
EUP-L535 (Hitachi, Tokyo, Japan). Ultrasonography was
performed with the patients in the supine position at 7.5
MHZ (Hitachi, EZU-MT 24-51, Tokyo, Japan) during
haemodialysis. Silica gel was placed on a superficial probe,
and the Doppler velocity was measured. Speed measure-
ments were made through the dialysis needle entry points
at appropriate angles. The normal range of vascular access
flow (BFR) was defined as 600—1200 ml/min [5]. DVP was
measured within 5 min after starting dialysis to prevent
ultrafiltration effects. The normal DVP range was defined
as < 100 mmHg. DVP values over 100 mmHg or a gradual
increase suggested recirculation [11]. As an indicator of
dialysis efficiency, Kt/V was measured using a single-pool
urea kinetic model [13]. The normal range was defined as
> 1.4 according to the NKF-KDOQI guidelines [13]. Pain
associated with needle insertion was measured at baseline,
6 and 12 months using a 10-point visual analogue scale,
with 0 indicating no pain and 10 indicating severe pain.
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Kt/V was measured at baseline and at the 12th month.
The HD dose is quantified by Kt/V, which measures
urea removal during treatment, and a single-pool KT/V
of 1.2 is considered an adequate dose [14]. The primary
data from the National Cooperative Dialysis Study
showed that the Kt/V of < 0.8 was associated with high
mortality, whereas Kt/V values between 1.0 and 1.2 were
associated with better outcomes [15]. El-Sherikh et al.
found that low recirculation percentages result in improved
dialysis effect. The differences in the Kt/V values amongst
these recirculation groups were statistically significant [16].

Statistical analysis

Statistical data were analysed using SPSS version 21.0
(SPSS, Chicago, IL, USA). Values were expressed as mean
+ standard deviation. The normality of the values was
analysed using Kolmogorov-Smirnov test. Student’s ¢ test
was used according to Kolmogorov-Smirnov test results.
Differences were considered significant at p < 0.05. Corre-
lations between the variables were investigated based on
Pearson or Spearman correlation coefficient.

Results

The mean age of the patients in this study was 66.6
years, and 50% were men. The distribution of the
patients according to disease aetiology was as follows: 18
with diabetic nephropathy (40.909%), 15 with hyperten-
sive nephropathy (34.09%), six with glomerulonephritis
(13.63%) and five with amyloidosis (11.36%). The mean
duration of AVF access was 38.09 months. As expected
the average pain in the BH technique was less than the
RL technique. There was a significant difference between
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the three pain scale measurements at 0, 6 and 12 months
(p < 0.05, multiple variance analysis). There was a sig-
nificant decrease in pain measurements from 0 month
(pain measurement of 6.5682/10) to 6 months (pain
measurement of 4.5909/10), to 12 months (pain meas-
urement of 3.2727/10) (p < 0.05, paired ¢ test) (Fig. 1).

The Kt/V(1) value at the beginning of the study was
calculated using the rope ladder technique. At the end
of the study, the Kt/V(2) value was calculated based on
the buttonhole technique.

There was no difference between the first (1) and
second (2) measurements in terms of dialysis efficacy,
with a Kt/V(1) of 1.48 + 0.33 and a Kt/V(2) of 1.49 +
0.22 (p = 0.82, paired ¢ test). There was no correlation
between Kt/V values for the first and second measure-
ments relative to pinhole distance. The Kt/V values of
the first measurement using the RL method and the last
measurement using the BH method were not signifi-
cantly different (Fig. 2). The distance between needle
punctures was significantly shorter in the diabetic pa-
tients: 1.3 + 0.47 compared to 1.61 + 0.5 in non-diabetic
patients (p = 0.047, Student’s ¢ test).

The measurement of blood flow velocities in the AV
fistula areas of the patients were checked before and at
the end of the study. There was a significant difference
between Doppler 1 and 2 measurements in blood flow
velocity in the area between the drainage holes: Doppler
1 = 9556 + 36.43, Doppler 2 = 106.86 + 37.94 (the
change in needle puncture distance was correlated with
the effects of Doppler 1 and 2 (p < 0.05, paired ¢t test).
There was a positive correlation between the Doppler
flow difference in the cannulation area BFR and DVP (p
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Cannulation distance had a significant effect on the BFR
difference (multiple variance analysis, p = 0,031). As the
cannulation distance decreased, the flow velocity in the
Doppler increased. This difference can be explained by
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120

110

I
o
o

1

@
o
1

Istimated Marginal Means of BFR on the
cannulation area

307

T T
$=7 em 7-10 cm

cannulation needles distance
Fig. 3 The relationship between needle puncture distance and BFR

(blood flow rate—ml/min) in the cannulation area. Change in BFR
by cannulation distance over the course of the study (p < 0.05)

Page 4 of 7

Discussion

Research on long-term BH cannulation has shown that
pain is reduced over time using this technique. Pain is
the most common complaint of HD patients during RL
cannulation using sharp needles [13]. It is the main
reason for refusal to undergo dialysis, and it reduces the
patient’s quality of life. The success of arteriovenous
fistula cannulation is dependent on many variables. One
of these variables includes the length of vascular access
available to accommodate two needles [17]. Effective
haemodialysis is directly related to a better health condi-
tion, lower morbidity and mortality rates for haemodi-
alysis patients. But a good quality of dialysis is provided
by a series of factors, amongst them the technique of
AVF puncture and the amount of blood recirculation.
Blood recirculation occurs when the rate of access flow
becomes lower than the rate of dialyzer blood flow
especially in the presence of inadequate location of the
needles inserted into the AVF [18]. BH cannulation has
been shown to be a simple and cost-effective alternative
for reducing pain compared to RL cannulation [19]. One
observational study showed the BH technique to be as-
sociated with an increased perception of pain; van Loon
et al. showed that the average pain score in patients
undergoing the BH technique was greater than patients
undergoing the RL method [5], these findings are not
consistent with other studies, including the present one,
in which pain was decreased with BH cannulation
compared to the RL method, with significant differences
between the three pain-scale measurements (p < 0.05).
In contrast to the studies showing that the BH technique
is less painful, findings were obtained in two randomised
studies. Vaux et al. and Mac Rae et al. attributed more
pain in the BH technique to the application of home
haemodialysis and more frequent cannulation [20, 21].
Additionally, whilst the distance between the needles
should be a minimum of 10 cm for cannulation in the
RL technique, there is no such inquirement in the BH
technique [5]. For patients with a very low pain thresh-
old, the BH technique can be an attractive alternative.
However, there was also a significant difference between
the pain levels (p < 0.05), suggesting that pain gradually
diminished when a patient was switched to the BH tech-
nique after being previously dialysed with the RL technique
(Fig. 1).

In our study, patients originally underwent HD using
the RL technique and then received HD with the BH
technique for 1 year. At the end of this period, there was
no difference in dialysis efficacy between the two cannu-
lation techniques. The patients who received dialysis
with the BH technique were also divided into two
groups according to pinhole distance, with fistula needle
spacing of either 5-7 cm or 7-10 cm. Kt/V ratios were
compared between these two groups at baseline and at
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12 months, and there was no significant difference in
terms of dialysis efficacy over time (p = 0.82) (Fig. 2).

A similar study was performed by Rothera et al., who
showed that an AVF can be cannulated with needles 2.5
cm apart, with no cases of access recirculation [17]. We
planned the present study differently, using patients
entering dialysis with the BH technique, as studies on
tunnelled patients could not be found in the literature.
Dias et al. investigated fistula cannulation techniques
and found that needles placed unidirectionally and < 5
cm apart were associated with more access recirculation
and lower Kt/V than with other combinations; the arter-
ial set directed towards the extremity of the arm and the
venous set directed towards the heart was the preferred
technique for needle insertion at a distance of > 5 cm [18].

For each HD treatment, the fistula is cannulated,
usually with two needles. The arterial needle allows the
blood to be withdrawn from the patient into the dialysis
circuit, and then it is returned through the venous
needle. Studies generally state that there should be a
minimum of 5cm between these needles to prevent or
minimise blood access recirculation in order to provide
efficient HD treatment [17]. The success of AVF cannu-
lation is dependent on many variables, including the
length of vascular access available to accommodate two
needles. Therefore, if the fistula cannulation distance is,
for example, 2.5 cm, an alternative access route for dialy-
sis can be sought.

Santoro concluded that the form of needle insertion
and the distance between the needles should be consid-
ered in the process of recirculation reduction, with the
classical form providing the lowest percentages of access
recirculation and with unidirectional needles providing
satisfactory results with a > 5 cm distance between them
[22]. The BH technique is generally easier than RL and
is widely used in home dialysis where self-cannulation is
performed, and can only be used for native AVF [23].

Kim et al. showed that there were no statistical differ-
ences in vascular access BFR, DVP and Kt/V between
the RL and BH methods; however, cannulation pain was
decreased with BH compared to RL [24]. Kt/V values
using the RL method at the beginning of their study and
in the last week using the BH method were not signifi-
cantly different; this result is similar to our findings
(Table 1).

When we measured Doppler flow in the area between
needle entry points, the initial measurements were
higher after 12 months, and the Doppler BER in the area
between the needles increased over time. There was a posi-
tive correlation between Doppler BFR and DVP (Fig. 3).

The correlation between DVP and blood flow velocity
can be interpreted as the risk of recirculation increasing
with decreased fistula needle distance. Consistent with
previous studies [18], recirculation may occur in AVFs
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Table 1 Descriptive statistics. Kt/V and needle distance

Needles distance Mean  Std. deviation N
Kt/V urea first 5-7cm 14496 036151 25
7-10cm 15384 029203 19
Total 14880 033260 44
Kt/V urea second  5-7cm 14808 023750 25
7-10cm 1.5137 020307 19
Total 14950 022140 44

as this distance becomes shorter. In our study, the
cannulation points and the distance between the needles
had significant effects on Doppler flow velocity; as nee-
dle distance decreased, blood flow velocity in the region
increased. Although there was no difference in efficacy
when transitioning to the BH technique, pain levels were
dramatically reduced in the present study, more research
is needed on the BH technique, as it seems to increase
the risk of recirculation (Table 2).

This study had some limitations. It was carried out in
a single centre. In addition, we only observed ideal, well-
functioning AVFs that were easily cannulated by nurses

Table 2 Comparison of demographics and comorbidities of the
study population

Age 66.56 +10.95

Sex 22 male, 22 female
Duration of haemodialysis 41.18 £40.63
Disease aetiology

18/44 (40.90%)
15/44 (34.09%)

6/44 (13.63%)

Diabetic nephropathy
Hypertensive nephropathy

Glomerulonephritis

Amyloidosis 5/44 (11.36%)
MIS 16.13+7.3
BMI 2637 +£492
CRP 27.14+36.93
Albumin 362+04
Creatinin

First 8.04+263

Last 742 %245
Hgb

First 1128+ 1.13

Last 1142+1.16
Ke/v

First 148 +£0.33

6. month 149+022
Pain scale

1 6.56+2

2 459+1.89

3 45+876
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who were experienced in using these cannulation
techniques. BH is useful in patients with AVF in whom
multiple cannulation sites are absent. Therefore, the fis-
tula entry points of all patients were set to be between
5-10 cm and healthy fistulas that were not experiencing
any problems before included in the study.

Cannulation of the AVF in today’s HD population is
more difficult and abrasive than ever.

Our study has shown that the BH technique may be
preferred because it is less painful, does not differ from
the RL method in efficacy and can be applied to shorter
vasculature.

Successful and painless fistula cannulation requires the
dialysis nurse to be experienced and skilled. Quality and
effective dialysis services in terms of patients bring
patient satisfaction. If all these conditions occur, we
think that the dialysis patient will be easier to adjust and
haemodialysis treatment will be more successful.

Conclusions
The BH technique continues to attract interest due to its
dramatically reduced pain levels compared to the RL tech-
nique and no difference in dialysis efficacy. We think that
this technique is especially important for patients with
vascular problems, as the same entry points are always
used in the buttonhole technique. We believe that differ-
ent studies are needed to assess different cannulation dis-
tances in terms of pain and efficacy in these patients.
Larger, more definitive studies are needed to deter-
mine whether this technique is safe for broader use.
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