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Abstract

Background: Few studies have examined if infectious arteriovenous access complications
vary with the cannulation technique and whether this is modified by dialysis frequency. We
compared the infection rate between fistulas cannulated using buttonhole versus stepladder
techniques for patients treated with short daily (SDH) or nocturnal hemodialysis at home
(NHD). We also compared patients receiving conventional intermittent hemodialysis (CIHD)
using stepladder cannulation. Methods: Data were prospectively collected from 631 patients
dialyzed with a fistula from 2001 to 2010 (Toronto and Ottawa, Canada). We compared the
person-time incidence rate of bacteremia and local fistula infections using the exact bino-
mial test. Results: Forty-six (7.3%) patients received SDH (>5 sessions/week, 2-4 h/session),
128 (20.3%) NHD (>4 sessions/week, >5 h/session) and 457 (72%) CIHD (3 sessions/week,
<4 h/session). Fifty percent of SDH and 72% of NHD patients used the buttonhole technique.
There were 39 buttonhole-related bacteremias (rate: 0.196/1,000 fistula days) and at least 2
local buttonhole site infections. Staphylococcus aureus accounted for 85% of the bacteremias.
There were 5 (13%) infection-related hospitalizations and 3 (10%) serious metastatic infec-
tions, including fistula loss. In comparison, there was 1 possible fistula-related infection in
CIHD during follow-up (rate: 0.002/1,000 fistula days). Conclusions: The rate of buttonhole-
related infections was high among patients on frequent hemodialysis and more than 50 times
greater than that among patients on CIHD with the stepladder technique. Most bacteremias
were due to S. aureus — with serious consequences. The risks and benefits of buttonhole can-
nulation require individual consideration with careful monitoring, prophylaxis and manage-
ment. © 2014 S. Karger AG, Basel
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Introduction

Once functional, hemodialysis arteriovenous fistulas demonstrate longer cumulative
patency as well as fewer infections and complications compared with synthetic arteriovenous
grafts and central venous catheters [1-3]. For these reasons, published guidelines recommend
the fistula as the preferred hemodialysis access [4-8]. However, fistula cannulation requires
more technical skill than graft cannulation [9-11], and nurses rank difficult cannulation as
their main concern in hemodialysis [12]. As such, cannulation remains a major barrier to
increasing fistula use among dialysis patients [11, 13].

Improving cannulation techniques is crucial for improving fistula success and for patients’
quality of life. Although the cannulation technique is critical for establishing reliable access
to the circulation for hemodialysis, few studies have evaluated if and how dialysis outcomes
vary with the cannulation technique. Further, while frequent hemodialysis is associated with
improved outcomes compared with conventional intermittent hemodialysis (CIHD), the
impact of frequent fistula cannulation on infectious complications is largely unknown and
may differ across cannulation techniques.

The two most common cannulation techniques are stepladder and buttonhole cannu-
lation. Stepladder cannulation involves rotating the cannulation sites up and down the
length of the access; however, this technique can be problematic for patients with short
fistula lengths and for patients in whom the fistula is difficult to cannulate due to aberrant
anatomy such as a significant aneurysm. Buttonhole cannulation, originally described by
Twardowski [14], is gaining in popularity, especially for home hemodialysis. In buttonhole
cannulation, two needles are inserted at the same two spots, at the same angle, at the same
depth, every time. This ‘constant-site’ method is recommended by some to prevent the
development of aneurysms and stenosis which sometimes occur with stepladder can-
nulation if the cannulation area becomes restricted [15-17]. Additional advantages of
buttonhole cannulation are purported to include improved ease and speed of cannulation
with fewer ‘missed sticks’, less pain, fewer hematomas and aneurysms as well as faster
hemostasis after needle removal [18-23]. In addition, buttonhole cannulation may be
preferred by self-cannulators (particularly for home hemodialysis) and when there are
limited viable cannulation sites [15, 18].

Despite these potential benefits, several studies have reported an elevated rate of infec-
tious complications for buttonhole compared with stepladder cannulation. Studies evaluating
in-center transitions to buttonhole cannulation show a marked increase in infections and a
significantly increased rate of septic access events [24]. The increased rate of infections seen
with buttonhole cannulation is attributed to improper preparation and/or cannulation, espe-
cially of nonhealed skin. This issue may be exacerbated as more patients adopt frequent
hemodialysis. Whereas CIHD involves 3 sessions/week (~318 needle insertions/year),
frequent hemodialysis, either by short daily (SDH) or nocturnal hemodialysis (NHD), is typi-
cally received 4-6 times/week, which amounts to ~520 needle insertions/year [25]. More
frequent cannulation and manipulation of the vascular access, as required for frequent hemo-
dialysis, may increase the risk of infectious complications [24].

In this study, we compare the rate of infections between patients performing frequent
hemodialysis (SDH or NHD) cannulating their fistulas using the buttonhole technique and
those using the stepladder technique. We also evaluate infection rates among patients
receiving frequent hemodialysis using buttonhole cannulation and compare them with those
among patients receiving CIHD using stepladder cannulation.
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Subjects and Methods

Study Design and Patient Population

We conducted a cohort study of adult hemodialysis patients who were dialyzed with an
arteriovenous fistula at the University Health Network-Toronto General Hospital (UHN-TGH;
Toronto, Ont., Canada) and the Ottawa Hospital Home Dialysis (OHHD; Ottawa, Ont., Canada)
unit from January 1, 2000, through December 31, 2010.

Patient information was entered prospectively into a vascular access database by trained
data entry staff, and the database was managed by a multidisciplinary vascular access team.
Clinical variables were regularly verified by the vascular access coordinator and/or the
vascular access program director. The database contains information on patient demo-
graphics, the cause of end-stage kidney failure, comorbidities and vascular access treatment
trajectories including the type and date of each access creation, cannulation technique, dates
and reasons for access failure, details of access monitoring and surveillance, vascular access-
related radiological interventions and surgeries as well as infectious and noninfectious
complications. This study was approved by each site’s Institutional Review Board.

Cannulation Procedure

Prior to cannulation, the dialysis access team evaluated the fistula for maturity and suit-
ability for cannulation. At the UHN-TGH, all in-center CIHD patients (3 sessions/week, <4 h/
session) were cannulated by hemodialysis nurses, while those who received NHD (>4
sessions/week, >5 h/session) self-cannulated at home. At the OHHD unit, >90% of all patients
self-cannulated; patients who did not self-cannulate at the OHHD unit were excluded. All
cannulators followed a standardized protocol. The buttonhole and stepladder cannulation
techniques are described below. All home hemodialysis patients had the option to use
buttonhole cannulation with the exception of those with cardiac valve replacement or
previous central stenosis that was felt to increase pressure within the access, which were
contraindications to buttonhole use in the OHHD program.

Buttonhole Cannulation

The buttonhole track is created over an average 2-week period (typically 8-10 sessions)
using sharp needles and is performed by home hemodialysis nurses, all experienced in
creating buttonhole tracks. Usually, 1-2 nurses will establish a track. Once the track is created,
blunt-needle cannulation is performed at least twice consecutively by the same vascular
access nurse. If successful, subsequent cannulations can be performed by the patient or
different nursing staff using a blunt needle. In selected cases in the OHHD program, patients
are taught to establish the buttonhole tracks themselves. If there are difficulties placing a
blunt needle into an established buttonhole, a conventional sharp needle is used. At least 1
arterial and 1 venous buttonhole are created for each patient. At the UHN-TGH, 2 sets of
buttonholes may be created depending on the fistula length, while in the OHHD program, only
1 set of buttonholes is usually created, regardless of the frequency of dialysis treatment.

Before each cannulation, the patient washes the access area thoroughly with an anti-
septicsolution for 2-5 min (povidone iodine or chlorhexidine 2% - withoutalcohol, depending
on patient skin sensitivities). Following this, the scab is removed very carefully with a sharp
18-gauge needle or buttonhole pick. Patients who have severe skin sensitivity to povidone
iodine or chlorhexidine may clean the area with antibacterial soap and then ‘soak’ the scab
with an alcohol swab and gently lift it off with that gauze. The access area is cleaned using
similar cleansing agents as previously described. Patients and nurses are instructed to allow
at least 30 s of contact with the disinfectant before cannulation. Finally, the cannulation is
performed using blunt needles (bevel up), maintaining an aseptic technique and following the
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angle of the existing track. If the blunt needle does not slip easily into the track, cannulators
are directed to readjust the angle and move up or down on top of the vessel until the correct
angle to access the vessel is located.

Stepladder Cannulation

In stepladder cannulation, needle placement is moved sequentially along the length of
the fistula at every dialysis session after appropriate skin preparation as discussed above.
Needles are placed at least 1 inch apart to avoid previous sites and prevent blood recircu-
lation duringdialysis. The patientis taughtaboutthe importance of site rotation and instructed
to remind the cannulator about the rotation plan.

Measures and Definitions

Infectious Events

Infectious events were fistula-related bacteremias or local cannulation site infections.
Bacteremia was defined by 2 positive blood cultures separated by at least 15 min and local
signs of infection at the cannulation site or along the fistula or if no other alternative source
of bacteremia was found. Local fistula infection was defined by nonallergic erythema, pain or
tenderness close to the cannulation sites, necrotic scabs or drainage from the cannulation
site(s). Bacteremia caused by Staphylococcus aureus or S. epidermidis was considered an
infectious event originating from the fistula, even without local signs, if no alternative source
(such as a diabetic foot) was identified. Infectious events that recurred in the same patient
were counted as new events if they occurred more than 3 weeks after the completion of anti-
biotic therapy or if a different causal microorganism was identified.

Hemodialysis Modality
Hemodialysis regimens were defined as CIHD (3 sessions/week, <4 h/session), SDH (=5
sessions/week, 2-4 h/session) or NHD (>4 sessions/week, >5 h/session, occurring at night).

Comorbidities

Comorbidities were defined as follows: (1) coronary artery disease, i.e. coronary stenosis
documented by angiography or a history of myocardial infarction or previous coronary revas-
cularization (angioplasty, stenting or bypass surgery); (2) peripheral vascular disease, i.e. a
history of lower extremity revascularization or digit or extremity amputation or a history of
claudication and ischemic extremity changes or gangrene; (3) cerebrovascular disease, i.e. a
stroke or transientischemic attack documented by computed tomography scanning, magnetic
resonance imaging or classic clinical signs and symptoms with confirmation by a neurologist,
or when the diagnosis had been noted in the medical records at least twice by 2 different
physicians; (4) congestive heart failure, i.e. classic signs and symptoms and documentation
from echocardiography or chest X-ray or complete symptom resolution with ultrafiltration,
and (5) diabetes, i.e. a history of hypoglycemic agent or insulin use [26].

Statistical Analysis

We used SAS version 9.2 (SAS Institute Inc., Cary, N.C., USA) for all analyses. We compared
baseline characteristics using analysis of variance or the Kruskal-Wallis test for continuous
variables, depending on the distribution, and x? tests for categorical variables. Patients were
followed for infectious complications from January 1, 2000, through December 31, 2010. We
calculated the person-time incidence rate as the number of infectious events per total number
of fistula days (standardized to 1,000 fistula days). We compared the rate of infectious events
between the groups using the exact binomial test. Statistical significance was defined as a p
value <0.05.
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Table 1. Patient characteristics
Dialysis frequency p
CIHD SDH NHD
(n=457) (n=46) (n=128)
Mean age * SD, years 58.8+14.9 48.9+14.2 43.1+£13.2 0.01
Age =65 years 168 (36.8%) 5 (10.9%) 5 (3.9%) 0.08
Male 263 (57.5%) 35 (76%) 69 (54%) 0.0085
Caucasian 346 (75.7%) 36 (78.3%) 88 (68.8%) 0.32
Primary renal diagnosis 0.99
Diabetes 114 (25.0%) 7 (15.2%) 19 (14.8%)
Hypertension 61 (13.4%) 3 (6.5%) 10 (7.8%)
Glomerulonephritis 93 (20.4%) 22 (47.8%) 58 (45.3%)
Interstitial nephritis 7 (1.5%) 1(2.17%) 3 (2.3%)
Hereditary/other (includes diabetes and hypertension) 112 (24.5%) 11 (23.9%) 33 (25.8%)
Unknown 47 (10.3%) 2 (4.4%) 5 (3.9%)
Comorbidities
Diabetes 160 (36.0%) 9 (19.6%) 29 (22.7%) 0.66
Hypertension 313 (68.5%) 42 (91.3%) 105 (82.0%) 0.14
Coronary artery disease 133 (29.1%) 12 (26.1%) 15 (11.7%) 0.02
Congestive heart failure 73 (16.0%) 11 (23.9%) 10 (7.8%) 0.004
Peripheral vascular disease 42 (9.2%) 4 (8.7%)? 11 (8.6%) 0.98
Cerebrovascular disease 43 (9.4%) 4 (8.7%) 4 (3.1%) 0.12

CIHD: 3 sessions/week, <4 h/session; SDH: 25 sessions/week, 2-4 h/session; NHD: 24 sessions/week, =25 h/session. Vari-
ables were compared using t or x? tests; p values for SDH vs. NHD only. There were statistical differences in patient character-
istics between those who cannulated with the buttonhole technique and those using the stepladder technique (see table 2) in
patients performing frequent hemodialysis.  Conventional cohort.

Results

In the frequent dialysis cohort, 46 (26.4%) received SDH and 128 (73.6%) received NHD.
The buttonhole technique was more commonly used by those receiving NHD (72%) versus
SDH (50%; fig. 1). Overall, the buttonhole technique was used on 198,910 fistula days, while
stepladder cannulation was used on 99,681 fistula days for the frequent dialysis cohort. All

patients on CIHD used the stepladder technique for a total of 405,174 fistula days.

The patient characteristics at the time of starting CIHD - or, if they were in the frequent
dialysis cohort, at the time the patient switched to frequent dialysis - are summarized in
table 1. Overall, the patients on frequent dialysis were an average of 46 years old (range:
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Table 2. Frequent hemodialysis patient characteristics according to the cannulation technique

Cannulation technique p
buttonhole stepladder
(n=89) (n=104)
Mean age * SD, years 43+12.1 48+15.7 0.01
Age 265 years 2 (2.3%) 13 (12.5%) 0.008
Male 55 (61.8%) 61 (58.7%) 0.66
Caucasian 67 (75.2%) 70 (67.3%) 0.61
Primary renal diagnosis 0.0022
Diabetes 4 (4.5%) 26 (25.0%)
Hypertension 8(9.0%) 9 (8.7%)
Glomerulonephritis 42 (47.2%) 42 (40.4%)
Interstitial nephritis 3 (3.4%) 2 (1.9%)
Hereditary/other (includes diabetes and hypertension) 28 (31.5%) 20 (19.2%)
Unknown 4 (4.5%) 5 (4.8%)
Comorbidities
Diabetes 9 (10.1%) 38 (36.5%) <0.001
Hypertension 75 (84.3%) 88 (84.6%) 0.95
Coronary artery disease 3 (3.4%) 31 (29.8%) <0.001
Congestive heart failure 7 (7.8%) 16 (15.4%) 0.12
Peripheral vascular disease 1(1.1%) 18 (17.3%) <0.002
Cerebrovascular disease 2 (2.3%) 8 (7.7%) 0.11

2 Differences primarily due to diabetes/diabetes plus hypertension as the cause of end-stage kidney
disease in patients using the stepladder technique.

20-69 years); 60% were male and 71% were Caucasian; 22% had diabetes and 84% had
hypertension. The patients on NHD were slightly younger than those on SDH. More patients
on SDH had coronary heart disease and heart failure (table 1). Frequent hemodialysis patients
cannulating with the buttonhole cannulation technique were younger and had less comor-
bidity (table 2). Those who cannulated using the stepladder technique more often had
diabetes as a cause of end-stage kidney disease and as a comorbidity and more often had
vascular disease (coronary artery disease and peripheral vascular disease).

Infectious Complications

Infectious complications are summarized in table 3. There were 39 buttonhole-related
bacteremias and at least 2 local buttonhole site infections. The buttonhole bacteremia rate
was 0.196/1,000 fistula days. S. aureus accounted for 85% of these. There were 5 related
hospitalizations and 3 metastatic infections (endocarditis, septic arthritis, mycotic an-
eurysm of a left brachiocephalic fistula and loss of fistula). No fistula-related infections
were documented for the patients using stepladder cannulation at home. In comparison,
there was only a single case of possible fistula-related infection among the patients using
stepladder cannulation; this patient was receiving CIHD (rate: 0.002/1,000 fistula days).
Ofthose using the buttonhole technique, 19.3% required buttonhole retraining. On average,
this retraining took 5.88 days. There was no difference in the mean number of days required
for buttonhole retraining between the SDH group (5.33 + 2.3 days) and the NHD group (6.0
+ 5.9 days).
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Table 3. Infectious complications: buttonhole versus stepladder cannulation

Cannulation technique p
buttonhole stepladder, stepladder,
(198,910 in center home dialysis
fistula days) (405,174 (99,681
fistula days) fistula days)
Bacteremia events 39 0 0
S. aureus 85% N/A N/A
Site infections 2 1 0
Metastatic infections 3 0 0
Person-time incidence rate (per 1,000 fistula days)
Bacteremia rate 0.20 0.000 0.000 <0.0001
Non-bacteremia infectious rate 0.01 0.002 0.000 <0.0001
Overall infectious rate 0.21 0.002 0.000 <0.0001
Discussion

A functioning vascular access is required for hemodialysis. However, each access type is
associated with different frequencies of complications. A fistula, once established, is asso-
ciated with the lowest risk of complications, including infections, such that all current renal
guidelines recommend the use of a fistula over a graft or catheter, if possible. However, for
patients who are treated at home, the fistula may create additional challenges compared to a
graft or catheter. Self-cannulation with a fistula may be more difficult than with a graft, espe-
cially if cannulation areas are limited. In response to this problem, buttonhole or same-site
cannulation was introduced in the 1970s and is used by many patients treated with home
hemodialysis. However, our study shows that the risk of infection with the buttonhole cannu-
lation technique for patients undergoing more frequent dialysis at home is significantly
increased compared to that for patients using the stepladder technique. Similarly, the risk of
infection with the buttonhole technique at home is much higher than that with the stepladder
technique used for patients treated in-center and at home (table 3).

Our results are consistent with other studies in which the buttonhole technique was used
for patients treated with in-center CIHD and for patients treated at home with more frequent
hemodialysis. As part of a quality assurance project, Labriola et al. [27] reported an increase
in infections with buttonhole cannulation for patients treated with in-center CIHD from a
baseline of 0.17/1,000 fistula days when stepladder cannulation was used to 0.43/1,000
fistula days with buttonhole cannulation. Complicated infectious events occurred in 12
patients. Although the infection risk was reduced to 0.34/1,000 fistula days after the imple-
mentation of an infection prevention program, an increased infection risk persisted [27].
Similarly, an increased risk of infections was reported in a randomized controlled trial
comparing buttonhole with stepladder cannulation for patients being treated with in-center
CIHD [28]. For patients treated with NHD at home, 10 episodes of S. aureus bacteremia were
documented over 93.4 patient-months of follow-up with the buttonhole technique (0.32/1,000
fistula days) [29]. Four of the 10 patients suffered serious metastatic infections, including 1
death from sepsis. The infection risk was substantially but not completely eliminated with the
addition of mupirocin cream at the buttonhole site after dialysis secondary to nonadherence
(0.03/1,000 fistula days). The rate remained substantially higher than the 0.005/1,000 fistula
days for patients treated with in-center CIHD using stepladder cannulation [29]. These results
are also supported by the Australian experience, with a documented increased risk of hospital
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admissions for vascular access infections in NHD patients using buttonhole cannulation, the
majority of which were due to S. aureus [24]. Contrary to the above studies, one randomized
controlled trial of buttonhole versus stepladder cannulation in CIHD patients evaluated
vascular access outcomes and did not show an increased risk of infections by the cannulation
technique. Another randomized trial evaluating frequent hemodialysis compared with
conventional hemodialysis also did not find an increased infection risk; however, the vascular
access and cannulation outcomes were secondary findings. The former study suffers from
arelatively high dropout rate, and both studies have small numbers of patients, using button-
hole cannulation followed up for a short period of time, increasing the risk of a type 1l error
[30, 31].

In the above studies in which the infection risk was increased, it remained unclear if the
problem was related only to the buttonhole technique versus the cannulator (health care
professional vs. self), site (home vs. center) or frequency (conventional vs. daily). Our study
suggests that the frequency of cannulation is not the issue, as our infection risk with step-
ladder cannulation with frequent dialysis at home was essentially nonexistent and compa-
rable to our in-center CIHD access infection rate. Also, all of the frequent home hemodialysis
patients included in our study were self-cannulators, suggesting that self-cannulation is
unlikely the issue. Lastly, patients with greater comorbidity and in a potentially more immu-
nocompromised state,as may occur with diabetes, may be at greater risk of infection. However,
we found that patients in the buttonhole cannulation group were younger and had less comor-
bidity than those cannulating with the stepladder technique.

There are a number of limitations to our study, including the observational design. We
cannot guarantee that we have not missed any superficial fistula infections as these are not
tracked by the vascular access team or the infection control nurse. The strengths of our study
include the prospective data collection, the large number of fistula days and the inclusion of
two different dialysis centers. Our study also includes a frequent hemodialysis control group
that did not use buttonhole cannulation that addresses the issues of frequency and of the type
of cannulator. In terms of our future directions, we are currently conducting a multicenter
controlled pilot trial of buttonhole versus stepladder cannulation for patients who perform
home hemodialysis. In addition to our primary feasibility outcome, other important outcomes
include determining if buttonhole cannulation is associated with reduced clinical complica-
tions and costs compared with stepladder cannulation in intensive home hemodialysis
patients.

In conclusion, buttonhole cannulation is associated with an increased risk of bacteremias,
the majority of which are due to S. aureus with potentially devastating consequences. Until
further studies become available, the use of buttonhole cannulation should be limited to
patients with short usable fistula segments or those who would otherwise be unable to self-
cannulate. In these circumstances, strict infection control measures must be followed.

Disclosure Statement

The authors declare no conflicts of interest related to the manuscript.
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