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Abstract 

A successful hemodialysis therapy depends on the cannulation of arteriovenous fistulas (AVFs). The 

common fistula cannulation technique i.e. rope-ladder is challenging for patients having limited or shorter 

fistula length. On the other hand buttonhole technique is safe and easy for cannulation but it can only be 

applied to native fistulas, and a "single-sticker" is the best tool for cannulation. The purpose of this 

research was to assess how both cannulation approaches affected the survival of AVF patients. Our study 

aim is to identify the impact of cannulation techniques on arteriovenous fistula survival in Hemodialysis 

patients as well as to identify which cannulation technique has a lower rate of AVF complication. This is a 

cross sectional descriptive study carried out in the duration of four months.the sample size in this study was 

154 patients in institute of kidney disease Peshawar. The result of this thesis is prepared through 

proforma,which having 14 question. A comparison was made between 59 patients who used the rope-

ladder approach and 95 frequent hemodialysis patients with AVF who followed the BH technique. The 

following parameters were registered: hematoma occurrence, redness, swelling, aneurysm formation, the 

use of sharp or dull needles, miscannulations, and interventions. A verbal rating scale (VRS) was used to 

evaluate needle pain and puncture phobia. Data was analyzed with the help of SPSS version 23. A total of 

154 patients were enrolled in which 88(57.1%) were males, 66(42.9%) were females who had hemodialysis 

access with BHC or RL technique were included in the study.The AVF survival in buttonhole cannulation 

technique is 50(58%) while in rope ladder cannulation technique is 59(85%)..The frequency of infection in 

buttonhole cannulation is 36 while in rope ladder cannulation is 20. Results concluded a significant.  This 

investigation showed that patients who are male, younger in age, non-diabetic, have a lower BMI, have no 

history of cardiovascular disease, and can help with compression have a substantial benefit for access 

survival. Comparing the BH approach to the rope-ladder method, access infections were more common, 

which was a drawback. 

 

Keywords: Arteriovenous Fistula Survival, Buttonhole Cannulation, Rope Ladder Cannulation, 

Hemodialysis. 
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Introduction 
 

Vascular access is a quick, efficient way to put something in or take something out of the bloodstream. 

Blood from the patient is drawn during hemodialysis so that it can be filtered by the dialyzer. An IV 

catheter, an arteriovenous fistula (AVF), or a synthetic graft (AVG) are the three main ways to reach the 

blood (Kallenbach, 2005). There are two types of vascular access (1) Permanant vascular access and 

(2)Temporary vascular access. 

 

Catheter access, commonly referred to as a CVC (central venous catheter), is a treatment in which one or 

occasionally two catheters are introduced into the internal jugular vein or the femoral vein into a major 

vein, typically the vena cava. Large amounts of blood can be taken out of one lumen, put into the dialysis 

circuit, and then returned through the other lumen thanks to this technique. Catheters can be divided into 

two categories: tunnelled and non-tunneled (Frankel, 2006). 

 

Numerous investigations revealed that AVGs' functional survival was lower than that of AVFs. The 

thrombosis was a natural complication of venous stenosis carried on by neointimal hyperplasia (Roy-

Chaudhury, et al., 2001). Additionally, the existing cases of hemodialysis-related bacteria in blood was 2.5 

episodes per 1000 dialysis treatments in arteriovenous graft versus 0.2 in AVFs, more than a 10-fold 

increase in graft (Taylor, et al., 2002). 

 

The most popular VA is it. Due to their practical advantages and decreased incidence of issues, fistulas are 

preferred over all other methods of access. The least number of treatments are required for fistulas, which 

enable longer access survival. With a diameter of 4-6 mm (Lock et al., 2006), the side-to-end anastomosis 

is the most common surgical operation. Vascular access problems are a substantial contributor to morbidity 

and death in hemodialysis (HD) patients. Arteriovenous fistulas (AVFs) are the most preferrable type of 

permanant vascular access for hemodialysis dependent patients due to their lower complication rates. 

However, stenosis, thrombosis, and infection issues can still occur (Pastan et al., 2006). 

 

Arteriovenous fistula cannulation is essential for effective hemo dialysis (AVFs). The rotation site 

procedure, which rotates the site of needling over the whole length of the AVF while utilising sharp needles 

for make hole or new sites each dialysis session, is frequently used to puncture AVFs. This is currently the 

recognised method for hemodialyzation. The more contemporary buttonhole technique uses dull needles 

placed consistently at the same depth, angle, and placement to make a fibrous, healed track (Twardowski, 

1995). The three approved techniques for cannulating an AVF are the buttonhole technique, the area 

puncture (or area dilatation) technique, and the rope ladder design (Kronung, 1984). It takes a functioning 

vascular link to deliver adequate maintenance hemodialysis. Once the initial difficulties of establishing an 

arteriovenous fistula have been overcome, maintaining its long-term patency necessitates routinely 

watching for dysfunctional signs and acting quickly when they arise, using the right cannulation technique, 

and avoiding common complications like thrombosis, infection, and aneurysm formation. The technique of 

cannulation that is selected is frequently influenced by patient concerns, including pain during cannulation 

and aesthetics. Rope-ladder (RL), area, and buttonhole cannulation procedures are the three that are used in 

clinical practise the most commonly. The RL or varied site technique is used to gradually place two needles 

at various sites during successive dialysis sessions.The needles in the area or cluster technique are placed in 

the same area, whereas the needles in the successive dialysis sessions, a catheter is continually inserted 

through a subcutaneous tunnel or tract at the same spot using the BH or "constant site" approach. When the 

BH technique was initially presented as a "constant site" approach in Polish literature in 1977, it was used 

to a patient who had a brief cannulation portion by coincidence (Twardowsk, 1995; Misra, Toma, & 

Shinzato, 2015; Twardowski, Lebek, & Kubara, 1977).  
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Constant Site Cannulation Techniques for Arteriovenous Fistula  

 

For patients to receive sufficient hemodialysis, AVF cannulation must be consistently successful. Rotating-

site cannulation or rope-ladder approache is considered a standard method for gaining to access AVF. The 

placement of the needles is rotated along the whole length of the fistula each time the patient receives 

dialysis. Twardowski and Kubara introduced the buttonhole or constant-site technique as an alternative 

strategy in 1979. Here, the HD needles are inserted precisely into the same area for each treatment at the 

exact same depth and angle. It was initially advised for usage with fistulas with short useable sections or in 

patients who were suffering a lot of difficulty during cannulation. The results are constant, self-sealing, 

fibrous tunnel allows the fistula to be accessible over an extended period of time (Twardowski, 1979). The 

buttonhole procedure has been employed frequently by many self-cannulating home HD patients, despite 

the fact that it has not acquired general acceptance among general HD patients. The buttonhole approach is 

said to have advantages such as decreased patient pain perception, quicker hemostasis, and fewer fistula 

problems for example, indigenous and general contaminations, aneurysm formation, and AVF failure 

(Struthers et al., 2010; van Loon et al., 2010). Following that, positive patient experiences, such as speed 

and ease of cannulation, reduced discomfort, and a tenfold reduction in hematoma development, were seen 

when 10,000 dialysis sessions were compared. In 1984, Kronung devised the phrase "buttonhole puncture" 

to refer to the continuous site procedure (Kronung , 1984). The rotating-site cannulation strategy, also 

known as the rope-ladder approach, is the traditional technique for acquiring access to the AVF for dialysis 

treatments. Each time the patient receives dialysis, the position of the needles is rotated along the whole 

length of the fistula. For each hemodialysis session, the rope ladder method calls for selecting two new 

locations for needle insertion. The distance between the needles and the arteriovenous anastomosis should 

be at least 5 to 7 cm. 

 

In general, first access use should be performed with 18G,17G and 16-G needles and low BFR of 250 

ml/min, especially in arteriovenous fistula. In mature accesses the greater BFR 300ml/min required for high 

efficiency dialysis,and larger 15G- or 14-G needles are needed. High blood flow is considered to have a 

detrimental effect on access survivability. As a result, it is unclear how needle size affects access patency. 

The recommendations do not cover all features of cannulation, but there are many more solutions 

available.For instance, in a continue two needle cannulation, two large diameter needles are inserted into 

the AVF; there are three separate ways for choosing the puncture site: area, rope-ladder, and constant site. 

Area site needling is the practise of repeatedly puncturing the same general region. In the rotation site 

approach, after each dialysis the cannulator switches the needle placement sites, picking locations that are 

separated along the vascular access line from the prior penetration sites by a predetermined distance. The 

continuous site cannulation technique is used to introduce hemodialysis needles for each dialyse in the 

similar point, angle, and with the alike depth of penetration. When returning blood to the body from the 

extracorporeal circuit, the intravenous needle should constantly point towards the antegrade direction of 

blood flow. For this purpose  arterial needle is assumed to provide blood to the extracorporeal circuit by 

drawing blood from the vasculature or it can point backwards, is used to transport blood to the 

extracorporeal circuit (i.e., retrograde direction). The ideal location for vascular access needles in 

permanent VA is a topic of some discussion (Ozmen et al., 2008; Toma et al., 2003). Due to its use of the 

complete vessel's extension and lower risk of thrombosis, stenosis, infections, and aneurysmatic dilatations, 

the rope ladder approach is the most recommended (Kronung, 1984). The buttonhole puncture is less 

painful and can be the preferred procedure for patients on home dialysis and AVF with a limited length for 

puncture. The method results in material exhaustion and the development of pseudoaneurysms, has a 

greater infection rate, and should not be used for vascular access graft needling (Castro et al., 2010). 

Another point of contention is whether or not to provide arm pressure during cannulation, whether through 

the use of a tourniquet or manually, even if KDOQI advises against it (Vascular, 2006). Despite the fact 

that earlier studies addressed the issue of vascular access survival, there is not enough information to yet to 

conclusively recommend any one cannulation approach or set of techniques (Kronung, (1984); Konner, 

Nonnast-Daniel, & Ritz, 2003). 
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Materials and Methods 
 

The nature of the study was descriptive cross-sectional study. And this study was conducted in the dialysis 

unit of Institute of Kidney Diseases. The duration of the study was four months i.e. (6
th

June to 1
st
 

September 2022). The following formula was used for Sample size 154 by n=Z²pq/e². We followed non 

probability convenience sampling and all patients of confirmed arteriovenous fistula either at the wrist or 

the elbow with different cannulation techniques of all ages were included in this study. Similarly, All those 

patient having vascular access other than arteriovenous fistula were be excluded. After fulfilling the legal 

requirements for the permission from the hospital’s ethics committee. The data was collected and the the 

relevant information/data under the supervision of head of the concerned ward/unit. To find the impact of 

Prescription cannulation techniques on AVF survival the prescription was checked.   

 

Data for age and sex was collected for the impact of cannulation techniques on arteriovenous fistula by 

using descriptive statistics.  IBM SPSS version 22 was be used for statistical analysis. Results have been 

presented as mean, frequency, or median with rang when suitable. Arteriovenous fistula survival 

complication level was calculated through proforma and their responses in the form of YES NO were 

recorded. The responses of all the proforma were cross tabulated with technical education and type of 

practice and shown in percentages. 

 

Result 

 
A total of 154 patients were enrolled in which 88(57.1%) were males, 66(42.9%) were females who had 

hemodialysis access with BHC or RL technique were included in the study. The mean age was 40±20.0 

years, 57.1% were male and 42.9% were female, 53.90% were diabetic, 90% had a native fistula. Access 

location was Radiocephalic for 56.49% and Brachiocephalic for 43.51% of patients. Prevalent needle sizes 

were16G, 17G and 18G for 14.94%, 82.47% and 2.60% of the patients, respectively. Cannulation technique 

was rope-ladder for (69)44.81%, and buttonhole for (85)55.19% of patients. Antegrade was the arterial 

puncture procedure for 53.23% of patients, and Retrograde for 46.75%.In female the buttonhole 

cannulation frequency is 42 while in male is 53.In female the rope ladder cannulation frequency is 24 while 

in male is 36.The overall buttonhole cannulation frequency is 95 and rope ladder cannulation is 59.The 

frequency of infection in buttonhole cannulation is 36 while in rope ladder cannulation is 20.The frequency 

of stenosis in buttonhole cannulation is 11 while in rope ladder cannulation is 4.The frequency of 

hematoma in buttonhole is 40 while in rope ladder is 26.The frequency of aneurysm in buttonhole 53 while 

in rope ladder is 20.The frequency of pseudoaneurysm in buttonhole is 15 while in rope ladder is 7.The 

AVF survival in buttonhole cannulation technique is 50(58%) while in rope ladder cannulation technique is 

59(85%). Results indicated that younger male, having non diabetic and heart diseases had significant effect 

for survival and benefit from access survival.  

 

 
Figure 1: Compare the impact of Buttonhole and Rope ladder cannulation technique on AVF survival. 
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Figure 2: Gender vise Impact of Cannulation Technique of Vascular Access on AVF in Hemodialysis. 

 

 

 
Figure 3: The Impact of Cannulation Technique of Vascular Access on  
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Table 1: Characteristics of AVF cannulation Techniques 

Number of Patients 154 

Fistula Cannulation  

Rope ladder cannulation 44.81% 

Buttonhole cannulation 55.19% 

Fistula Location  

Radiocephalic 56.49% 

Brachiocephalic 43.51% 

Needle direction  

Antegrade 53.23% 

Retrograde 46.75% 

Needle gauge  

16G 14.94% 

17G 82.47% 

18G 2.60% 

AVF Survival  

In Rope ladder 85% 

In Buttonhole 58% 

 

Discussion 
 

Despite being the most popular technique in this sample of over 154 patients, our study indicated that area 

puncture and rope-ladder cannulation were superior to buttonhole cannulation for sustaining VA 

functionality. When antegrade placement and bevel-up orientation were used instead of retrograde 

positioning and bevel down, the survival percentage for access was significantly higher, according to the 

link between the location of the artery needle and the bevel. In order to favour access patency, larger 

needles were usually utilised, with 15 G being preferred to 16 or 17 G. The risk of access failure was higher 

for grafts than for fistulas; it was also higher for proximal locations than for distal locations; it was higher 

for the right arm than for the left arm; the risk was higher for blood flows below 300 ml/min than for those 

between 300 and 350 ml/min; and it was higher for venous pressure between 100 and 150 mm Hg (Ravani, 

2007). 

 

In our study we use broad spectrum of impact of cannulation techniques on AVF survival. During this 

study we observed total 154 patients used cannulation technique in AVF,in which 69 patients using rope 

ladder cannulation technique while 85 patients using buttonhole cannulation technique.In this study we 

observed different age group patients to access the results and outcome of the interventional procedure.In 

this study we calculate and observe gender frequency,in gender 57.1% males and 42.9%  female were 

observed for impact of cannulation techniques on AVF survival. 

 

We found that among the 154 patients included in this study , the effect of cannulation technique greater 

than total frequency of 5-89% described.The initial benefit of the rope-ladder method may be that it 

encourages gradual development along the full length of the fistula. The least desirable outcomes include 

localized dilatation, disturbance in the vascular wall, and ensuing formation of pseudoaneurysms. Fistula 

wall are weakened by puncture technique. The Clinical Practice Guidelines for Vascula Access and the 

EBPG (Gilmore, 2006; Tordoir et al., 2007). A critical search was used to compare the results with the 
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body of previous research and to compare the impact of constant site cannulation with RL cannulation in a 

single unit. In patients with HD who had previously undergone constant site cannulation in our unit, there 

was a noticeably higher rate of overall AVF infections. The frequency of surgical AVF intervention or 

AVF loss was the same. Constant site needling method was linked to noticeably higher time demands on 

staff. As compared to rope ladder constant site cannulation have threefold higher infection risk found in the 

systematic review of 15 studies (MacRae, 2012). 

 

According to cannulation dogma, buttonhole cannulation is less painful, easier to perform, less likely to 

result in hematomas from needle infiltration, has a quicker rate of hemostasis, and is less likely to result in 

aneurysm formation. Buttonhole cannulation also appears to be linked to a higher risk of local and systemic 

infections when compared to the rope-ladder approach (Struthers et al., 2010; MacRae et al., 2012; Chow et 

al., 2011). Local or systemic infection is a substantial danger associated with buttonhole cannulation, and 

there is a clear indication that these consequences will be more severe than with rope-ladder cannulation 

(with major morbidity).However, it is not possible to compare the infectious results of the rope-ladder and 

constant site techniques in detail because of the various and usually confusing definitions of those 

outcomes. These range from locally defined specific events like "exit-site infection," which may be 

interpreted differently by different clinicians, to technically defined explicit actions like S aureus 

bacteremia confirmed by blood culture, which are defined by "redness, swelling, tenderness, exudate, or 

pus" (Toma et al., 2003; Nesrallah et al., 2010).  

 

The only drawback of the buttonhole method is the potential increase in skin infections. In order to 

emphasis our hygiene protocol,  we followed that (i) fistula needs to be disinfected twice i.e. before and 

after the scab; (ii) Check the patient's puncturing technique carefully to avoid using too much effort and 

having the cannula rubbing (iii) avoid using the same button hole for more than three HD sessions/week 

and, in particular, create more than two buttonholes for single-needle dialysis and more than four 

buttonholes, To avoid skin contamination with bacteria, one might think about using mupirocine 

ointment.Due to its exceptional ability to self-cannulate precisely the same way at every session, the 

outcomes were obtained in patients receiving haemodialysis. Given that the patients are being watched after 

by nursing personnel who have received buttonhole method training, it is likely that the effects can be 

generalised to in-center self-cannulating patients with an arteriovenous fistula. It is debatable whether the 

procedure is appropriate for cannulation by many cannulators (Toma et al., 2003; Marticorena et al., 2006). 

In conclusion,the patients who require frequent reinsertions, when a patient experiences severe cannulating 

stress, or when the fistula does not allow enough room for the rope-ladder technique to be used, the 

buttonhole technique for self-cannulating patients may be a good alternative to the rope-ladder technique. If 

a patient has weak vascular walls, poor vision, skin infections, pitiable cannulating practices, or a fistula 

that is difficult to stabilise during cannulation, the continual cannulation strategy should not be used. A 

patient should not refuse the buttonhole method because to concerns about bleeding or longer compression 

times (Harper, 1997). The effect of buttonhole cannulation on AVF survival is 58% while rope ladder 

cannulation on AVF survival is 85% were recorded amongst all genders. 

 

Conclusioin 
 

This study demonstrated that the BH procesure is significantly less complicated than the rope ladder. 

Although the number of illnesses brought on by the BH approach ought to exceed that of the RL method. 

Because it causes less discomfort, the buttonhole puncture may be the preferred technique for patients 

receiving home dialysis and AVF patients with shorter puncture lengths. The same method is more prone to 

infections. Buttonhole approach makes cannulation procedure easy and slighter pain, and beneficial for 

patients having fewer sites for cannulation. There was a considerable increase in AVF survival when rope 

ladder cannulation was used. The buttonhole approach dramatically reduced the expansion of pre-existing 

aneurysms and the requirement for access procedures. Increased infections and protracted bleeding was 

observed in current study.  
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For AVFs, the rope ladder approach ought to be the method of choice for cannulation. Rope ladder may be 

continued by units with squat infection proportion. Thus, it might diminish complications, enhances 

chances for quality and reduces burden on healthcare institutions.  

 

Limitations 
 

Due to financial and other different problems in collection of data and to process it in a single study center 

government hospital, limited sample size, lack of blinding, access to just one hospital and time were limited 

in our study. 
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