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ABSTRACT
Aim: The objective of this study was to analysis factors affecting arteriovenous fistula patency, to improve access 
outcome.

Methods& Patients: Patients (n=290) were enrolled in our prospective observational study. Demographic, 
clinical, and operative variables were compared between those with and without NAVF function loss. In addition, 
we evaluated the distribution and complication of NAVF and its association with different factors. All statistical 
analyses were performed with the use of appropriate SPSS software package, version 24.0.

Results: We found 96.5% (n=280) of patients had NAVFs, among them 67.9% (190/280) of patients had upper 
NAVFs, followed by lower NAVFs 32.1% (90/280), while 3.4% (10/290) of patients had depended on a cuff 
catheter. The most frequent complication post NAVF creation was thrombosis (11.4%), followed by noninfectious 
fluid collections (9.3%), infection (6.4%), Limp edema (4.3%), Aneurysmal degeneration (3.2%), arterial steal 
syndrome (2.5%) and venous hypertension (1.8%). History of dialysis catheter used AVF location and absent 
intraoperative thrill were independently associated with loss of NAVF primary patency. There was a statistically 
significant increase in the number of steal syndrome in patients who had diabetes mellitus (P value= 0.021) and 
in patients who had age >65 years (P value 0.002), while female gender was not (P value= 0.122). History of 
catheter used (P = 0.02), previous AVF procedure (P= 0.01), and present of non-infection fluid (P = 0.00) were 
found significantly increase the infection rate of NAVF.

Conclusions: Identifying risk factors affecting AVF patency is crucial. Early and timely treating complications 
post AVF is essential for proper management and maturation.
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Introduction 
Long-term vascular access patency has resulted in the long-life 
survival of thousands of patients with end-stage renal disease 

(ESRD) on maintenance hemodialysis (HD) [1-3] AVFs have 
higher primary patency, lower risk of infection, higher durability, 
lower mortality, [4-6] and fewer required interventions [7] when 
compared with prosthetic grafts and TDCs. However, AVFs have a 
high rate of no maturation (20–50%), [8-11] which likely accounts for 
the fact that at 6 months after initiating HD, 55% of patients continue 
to be dialyzed with tunneled dialysis catheter (TDC) [12-17].
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Studies have found that fistula complications are associated 
with morbidity, mortality, and a high economic burden [18,19]. 
And it was reported that early detection and treatment of these 
complications can prevent more severe conditions and consequently 
save additional costs and reduce hospitalization periods [20].

Despite the burden of vascular access complications on patients 
and the healthcare system, there remains a poor consensus on the 
incidence risk and factors associated with increased rates of fistula 
complications. The wide variation in complication event rates 
across studies is attributed to variation in definitions, inconsistent 
reporting, and differences in patient populations [21].

Variables associated with fistula complications; patient 
comorbidities, vessel features, surgeon experience, or ability of 
nursing cannulation was generally not reported in studies. Overall, 
due partly to poor quality studies, significant heterogeneity of 
study populations, and inconsistent definitions, we found marked 
variability in complication rates. The need to standardize reporting 
is urgent [21]. For that, the main aim of this research was to studies 
the distribution of different variable age, gender, and location of 
AVF (wrist or elbow AVF) with NAVF patency loss. The study 
also looked for any predisposing risk factors and complications of 
AVF to improve outcomes.

Method and Patients
This prospectively study was conducted at Department of vascular 
surgery, Authority of Althawra Hospital in Taiz-Yemen, from 1st 
June 2018 to 31th July 2020. All patients with ESRD, who refer 
for creation AVF were include in this study. 280 Two-hundred 
eighty patients were enrolled in the study. Details Demographic, 
Clinical, and preoperative dialysis variables were obtained 
for every patient. Allen’s test and arterial pulses (i.e. axillary, 
brachial, radial, and ulnar) were examined. Patients with visible 
veins on the clinical examination were directly scheduled for AVF 
creation while patients with non-visible veins were underwent 
venous mapping by ultrasonography (US) before being scheduled 
for surgery [22]. The distal part of the non-dominant extremity 
was selected as priority anatomical site, whenever possible [23].

After determination of the appropriate limb for surgery, the 
procedure was done under local anesthesia by end vein to side 
artery parachute vascular anastomosis technique in the operation 
theatre. We divided our patient in tow groups by age, gender and 
location of AVF with aim to study the associated of this variable 
with fistula complications.

The access was considered mature if its successful use for six 
consecutive sessions of HD Outcome Parameter. This definition 
for the evaluation of AVF maturation has been validated in the 
literature in several previous studies [24-26]. Primary failure 
define as an AVF that has never been usable for dialysis or that 
fails within three months of use [27,28]. In our study, primary 
patency of AVF at immediate, 30 and 90 days, and at 6 months 
had been measured.

All patient discharges on operation day with oral antibiotics and 
analgesics for three days. Patients were instructed to start hand 
exercise on the second postoperative day with ball. Skin stitches 
ware removed on the 10th post-operative day. The follow up 
performed on an outpatient basis, at 7th and 14th day then at 4- and 
6-weeks post-operative, where fistula was released to puncture for 
HD. Periodic follow up was performed for at least 24 months. In 
follow up visit, all patients were be evaluated for the presence or 
absence thrill or complications i.e. seroma, hematoma, infection, 
bleeding, thrombosis, aneurysms, steal syndrome and venous 
hypertension.

Study analysis
Data collection and analysis conducted using SPSS (IBM SPSS 
Statistics 24.0). Initially, descriptive analysis of complication and 
variables predominantly was analyzed as frequencies, tables and 
percentages for categorical variable and mean and SD for continuous 
variable. The association between variable and complication were 
analyzed by the Chi-square (x2) or fisher test for the categorical 
variable and unpaired Student's t-test for the continuous variable 
with the corresponding 95% confidence interval (CI). P-values ≤ 
0.05 were considered statistically significant.

Result
From June 1/ 2018, through July 31/ 2019, the study included a 
total 280 patients had native AVF with end-to-side anastomotic 
(parachute) technique. Among those, 67.9% (190/280) of patients 
had upper (elbow) NAVFs, followed by lower (wrist) NAVFs 
32.1% (90/280). Most common comorbidity in this study was 
hypertension in 202 (72.1%), followed by diabetes in 79 (28.2%).

Distribution of NAVFs with gender in our patients 167 (59.6%) 
in men while 113 (40.4%) in female patients with male to female 
ratio of 1.5:1. The main age of patients was (48.64 ± 17.15); among 
those, 216 (77.1%) patients was less than 65years, and 64 (22.9%) 
patients were more than 65 years old. We find that, age and gender 
were not statistically association with AVF complication.

During the study period, the most frequently complication post 
NAVF creation was thrombosis (11.4%), followed by noninfectious 
fluid collections (9.3%), infection (6.4%), limp edema (4.3%), 
aneurysmal degeneration (3.2%), arterial steal syndrome (2.5%) 
and venous hypertension (1.8%) Figure 1.
 

Figure 1: Complication of Native Arteriovenous Fistula in our study.
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We studied the relationship between different patients’ 
characteristics and comorbidities with primary failure in our 
patients using the appropriate statistical tests as outlined above: 
we noted that, there were no statistically different between age, 
gender, diabetic disease, HTN and PAD and the patency of AVF. 
However there statistically influence of pervious dialysis catheter 
used and primary loss of AVF patency (P value = 0.035).

The site of creation AVF was found statistically influence the 
outcome patency in our study; as 90 fistulas created distally around 
the wrist, 20 (22.2%) failed and70 (77.8%) matured, compared to 
18/190 (9.5%) and 172/190 (90.5%) of those placed in the arm 
respectively (P = 0.004). Moreover, good thrill intraoperative was 
significantly associated with a more favorable outcome as only 
20/252 (7.9%) created AVFs had failed compared to 18/28 AVFs 
were failed in those patients who have not good intra-operative 
thrill (P = 0.000) Table 1.

Table 1: Distribution of Comorbidity and Risk Factors to NAVF Patency 
Rate.
Character variable Failure (%) Success n (%) P value
Age >= 65 7/64 (10.9%) 57/64 (89.1%) 0.484
Female gender 16/113 (14.2) 97/113 (85.8%) 0.813
Diabetic disease 9/79 (11.4%) 70/79 (88.6%) 0.504
Pervious catheter used 38/254 (15%) 216/254 (85%) 0.035
Distal site AVF 20/90 (22.2%) 70/90 (77.8%) 0.004
Good thrill post-operative 20/252 (7.9%) 232/252 (92.1%) 0.000

There was significant difference in patency rate between the two 
groups (elbow vs. wrist) (p<0.05) (Table 2). The patency rate 
during 3,6,12 months in the wrist group was 77.8%, 72.6%, and 
52.7%, respectively; and in elbow group, it was 88.4%, 84.2% and 
72.9%, respectively.

Table 2: Patency Rate According to the Site of NAVF.
Character variable Elbow (%) Wrist n (%) P value
Patency rate at 3months 88.4% 77.8% 0.021
Patency rate at 6months 84.2% 72.6% 0.028
Patency rate at 12 months 72.9% 52.7% 0.007

Of the patients, 11.1% (32/280) had an NAVF complicated by 
thrombosis, 59.37% (19/32) of those occurred at the distal (wrist) 
group and 40.6% (13/32) occurred at the proximal sit (elbow 
group). This deferent was found statistically significant (P value 
= 0.000). Bleeding was more common in the elbow group 10/190 
(5.3%) than in the wrist group 0/90 (0.0%) (P value = 0.027). 
Aneurysm was more common in the elbow group 8/9 (88.9%) than 
in the wrist group 1/90 (1.1%) but this different was statistically 
not significant (P value = 0.170). There were no differences in 
other complications such as venous hypertension, infection, 
noninfectious fluid collections and arterial steal syndrome between 
the two groups. Table 3.

In our study, there was a statistically significant increase in the 
number of steal syndrome in patients who had diabetes mellitus 
(P value = 0.021) and in patients who had age >65 years (P value 
0.002), while female gender was not (P value = 0.122).

Table 3: Complications of Native Arteriovenous Fistulas According to 
the Site of AVF.
Complication Elbow AVF Wrist AVF P-value
Thrombosis 13/190 (6.8%) 19/90 (21.1%) 0.000
Infectious 15/190 (7.9%) 3/90 (3.3%) 0.146
Limp edema 9/190 (4.7%) 3/90 (3.3%) 0.588
Bleeding 10/190 (5.3%) 0/90 (0.0%) 0.027
Aneurysm 8/190 (4.2%) 1/90 (1.1%) 0.170
Venous hypertension 3/190 (1.6%) 2/90 (2.2%) 0.658
Steal syndrome 5/190 (2.6%) 2/90 (2.2%) 1.000
Noninfectious fluid collections 23/190 (12.2%) 3/90 (3.3%) 0.029

Discussion
The mean age of patients with ESRD undergoing AVF in our 
patients was (48.64 ± 17.15y), which was similar or close to other 
studies reported in Iran, India and Nigeria [29-31].

However, the mean age in developed countries was one or two 
decades older [26,32-34]. These outcomes reflect inequalities of 
healthcare system in our country (especially with current war) than 
others.

The influence of age on the patency of AVF is still controversial. 
A review of literature by Smith et al. [35] (2012) on the factors 
influencing patency of AVF showed an increase of access failure in 
the elderly population [35] In a meta-analysis of 2007, Lazarides et 
al. [36] showed a significant difference in secondary patency rates 
between the elderly and younger patients at 12 and 24 months with 
odds ratios (ORs) of 1.525 (P = 0.001) and 1.357 (P = 0.019) [36]. 
On other hand, a literature review by Al-Jaishi et al. [37] found 
that age had no effect on primary patency. Our results are similar 
to those of Olsha et al. [38], Bashar et al. [26], and Chan et al. 
[33] who’s reported that, age did not seem to influence the primary 
patency. Overall, age as an isolated variable should not greatly 
affect access decision with consider good preoperative preparation.

We did not find a significant effect of gender on AVF patency. In 
a literature review of 2012, Smith et al. [35] also found the same 
result. Similar finding was also found by Olsha et al. [38] from 
Turkey and Chan C. et al. [33] from USA. On the other hand, 
there’re studies found significant differences in outcomes of AVF 
creation when comparing male and female [26,31]. In one study, 
Peterson et al. [39] report that, female was at greater risk for failure 
of the AVF to mature compared with male in spite of preoperative 
vascular mapping (hazard ratio 2.42, 95% CI 1.32-4.45) [39]. The 
reasons for these differences are not clear. It has been suggested 
that female has smaller vessels [31,40] These discrepancies suggest 
that functional properties of the vessels may contribute to fistula 
failure to mature even when the diameters are adequate [39].

Factors adversely affecting AVF patency in ESRD patients 
reported include diabetes [41]. We reported that, diabetic was 
found in 79 (28.2%) of our patients while Elsharawy et al. [42] 
and Susan et al. [43] had been report higher percent than us (40%), 
(43%) respectively. In contrast to previous studies [33,41,44,45] in 
which there is significant difference noticed between patients with 
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diabetes and risk of loss of primary patency, our results indicated 
that patients with diabetes had no effect on AVF patency rates. 
Our results are similar to those of Maharaj et al. [47] and Olsha 
et al. [38] and suggest that patients with diabetes should not be 
a limiting factor when determining candidacy for AVF creation. 
In our study, HTN 164 (74.5%) was most common comorbidity. 
Similar finding, was report by Susan J. et al. [43] (73.7%) from 
India, while lower percentage had reported in other studies [31,48]. 
HTN had no effect on AVF patency in our study (p value = 0.182).

Unfortunately, in our practice, many patients notice to have 
venous lesion of upper limbs due to repeated venous access and 
phlebotomy. This, adversely affect the available peripheral and 
central venous routes so that, more proximal vein was used for 
AVF creation. This issue had recognized clearly in our study, as 
about fifty presents (135 patients) of our series had their first native 
AVF creation in proximal site.

In contrast to previous studies [26,30-32,49,43], in which 
radiocephalic fistula was most common type, our results notice 
that brachiocephalic (50%) was the most common type AVF in our 
patients, followed by radiocephalic type (32%). Similar observation 
was also reported by Yabanoglu et al. [50] from Turkey, and Shan 
et al. [51] from Nepal and Chan et al. [33] from USA. This result 
may be explained by multiples factors include destruction of veins 
by repeated venipuncture before fistula creation, poor technique, 
inadequate information available to patients and health worker on 
pre dialysis care.

Complications of AVF adversely affect quality of life and survival 
of ESRD patients [52] Despite the burden of vascular access 
complications on patients and the healthcare system, there remains 
a poor consensus on the incidence risk and factors associated with 
increased rates of fistula complications [21]. The most common 
complications after AVF creation is thrombosis. It was reported 
in previous studies with rate of (3-14.5%) [29,53,54]. Thrombosis 
of NAVF was the most common complication 30 (13%) in our 
patients. Similar finding was reported by Yu, Q. et al. [55] with 
thrombosis rate 13.86 %. Other studies reported higher thrombosis 
rate; 33% by Dekhaiya et al. [29] in India 2016, and 27% by Susan 
et al. [43] in India 2018. However, lower thrombosis rate war 
reported; 10% by Gjorgjievski et al. [32] in Macedonia 2019, and 
7.5% by Salako et al. [30] in Nigeria 2018.

In a systematic review and meta-analysis of 2014, Al-Jaishi et al. 
[37] showed a statistically significant difference in primary patency 
loss between AVF locations (lower 28% vs. upper arm 20%) at 1 
year (P = 0.001), but not at 2 years (P = 0.3). Monroy-Cuadros 
et al. [45] in Canada found that, the location of forearm AVF 
(OR 4.0, P < 0.001) was independently associated with loss of 
primary patency. We had similar observation; there was significant 
difference in primary patency loss and the location of AVF (elbow 
vs. wrist) at 3,6,12 months (P = 0.021), (P = 0.028), and (P = 0.007). 
These observed differences may be related to smaller size of the 
vessels at distal location; Poiseuille’s law physiologically supports 

the presence of lower arterial blood flow in the forearm location. 
In upper arm fistulas, the diameter of the vessels is expected to be 
bigger than in the forearm, and more significant roles for systemic 
aspects such as cardiac output and blood pressure can be expected 
[45,56,57].

Infection is the second most frequent cause of vascular access site 
loss, and it is frequent complication of AVF surgery requiring 
hospitalization. Moreover, it’s ranks second to cardiovascular 
disease as a cause of death in HD patients [58-60]. In our study 
infection was (7.4%) the third common complication after 
thrombosis (13%) and noninfectious fluid (10%). Similarly, 
infection rate was observed 7.4% by Schinstock et al. [61] in USA 
2011. However, Aljuaid et al. [48] in Saudi Arabia 2020 reported 
higher infection rate 20%. In other hand, lower infection rate was 
reported; 3.5% by Dekhaiya et al. [29] in India 2016, 5.1% by 
Susan et al. [43] in India 2018, and 3.75% by Salako et al. [30] in 
Nigeria 2018. In our study we observed a statistically significant 
increase in the infection rate as the proportion of patients with 
history of catheter used (P = 0.02), previous AVF procedure (P 
= 0.01), and present of non-infection fluid (P = 0.00) increased. 
Therefore, these results support that these patients should be 
routinely monitored for present of infection post AVF creation.

In the series, steal syndrome were observed; 16.1% by Aljuaid et 
al. [48] in Saudi Arabia 2020, 5.1% by Schinstock et al. [61] in 
USA 2011 and 3.3% Dekhaiya et al. [29] in India 2016. However, 
in our study this rate was (2.5%). In other studies were reported 
lower rate of steal syndrome; 1.1% by Alhassan et al. [62] in 
Nigeria 2013.In contrast to previous studies [63-69] in which, 
there are multiple factors for developed steal syndrome that 
include female gender, advanced age, DM, PAD [63-69]. Age >65 
years (P value 0.002) and patient with diabetic disease (P value= 
0.021) were found statistically related to developed steal syndrome 
complication. While female gender (P = 0.122) was not. Our 
results are similar to those of Rocha et al. [68] in Portugal 2012. So 
that, these higher risk patients should be counseled preoperatively, 
their operative plans should be designed to reduce the risk of hand 
ischemia, and they should be observed closely. The management 
of steal syndrome in our study was done by DRIL procedure in 3 
patients (Figure 2) while the 4 patients was managed by ligation of 
AVF and permanent tunneled catheters.

Figure 2: Intraoperative Photo Show DRILE Procedure for ESRD Patient 
with AVF Complicated by Grade IV Steal Syndrome.
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A previous review documented an aneurysm rate between 5% and 
6% [70]. It was found in nine patients (3.9 %) of our patients. 
Nearly similar results 4.2% found by Susan et al. [43] in India 
2018 and 3.5% by Alhassan et al. [62] in Nigeria 2013. However, 
lower result was report 1.3% by Dekhaiya et al. [29] in India 2016, 
2.4% by Schinstock et al. [61] in USA 2011 and 3.2 by Shahnawaz 
et al. [49] in Pakistan 2012. In other hand, Aljuaid et al. [48] in 
Saudi Arabia 2020, by Yu, Q. et al. [55] 2011 reported higher rate 
of AVF aneurysm (25%), (12.2%) respectively.

Aneurysms/pseudoaneurysms that require urgent evaluation to 
prevent rupture include the presence of a non-healing eschar, 
spontaneous bleeding from access sites, and rapid expansion in 
size of the aneurysm [71]. In our study, management of those 
nine patients were; one patient managed by aneurysmoplasty, 
one patient by resection aneurysm part with interposition vein 
graft repair and the remain seven were managed by resection of 
aneurysm and creation new AVF.

In the present study, venous hypertension was developed in five 
patients (1.8%). The most common cause of venous hypertension is 
central stenosis secondary to placement of central venous catheters 
and devices [72] Similar noted was observed in our study, where 
there was statistically related between pervious central dialysis 
catheter used and venous hypertension (p=0.001).

Conclusion
The distribution of complications of AVF accor ding to location 
showed that thrombosis more common in distal (Wrist) AVF, 
while bleeding was more in elbow group. History of dialysis 
catheter used AVF location and absent intraoperative thrill were 
independently associated with decrease patency rate in our patient. 
Infection occurred most com monly in patients with history of 
previous AVF, dialysis catheter, or present of non-infection fluid. 
Additionally, steal syndrome was predominantly seen on patients 
age > 65 and patient with diabetic disease.
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