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Abstract

Background: The survival of arteriovenous fistula (AVF) remains an important problem for hemodialysis patients, accounting for
20% of all hospitalizations related to AV access problems in western countries. We designed an observational prospective cohort study
on 265 AVFs and evaluated their results after 4 months of fistula creation and its relation to laboratory tests as ESR and CRP levels.

Methods: Wrist or antecubital AVFs were created for patients with End-Stage renal disease. All laboratory tests (ESR and CRP)
were checked quantitatively. The patients were followed-upfor at least 4 months and failure or maturation of AVFs were recorded in a
checklist.

Results: 177 (66.8%) males and 88 (33.2%) females were included. The surgeon created 161(60.8%) wrist and 98 (37%) antecubital
AVFs. The mean age of patients was 53.18+17.1, ranged from 8 to 91 years old. CRP and total protein had significant differences

between the two groups of failure and mature accesses (0.029 and 0.045 respectively).
Conclusion: High CRP level is recognized as a reliable predictor for the survival of AVF.
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Introduction

The increasing number of patients with chronic kidney
disease (CKD) and End-Stage Renal Disease (ESRD) has
become a major public health with large financial prob-
lems. Hemodialysis (HD), one of the methods of renal
replacement therapy, depends on long-term patency of
vascular access to allow adequate dialysis (1). In hemodi-
alysis patients, a native arteriovenous fistula (AVF) is the
preferred form of permanent vascular access and its dys-
function remains an important cause of morbidity in these
patients (2).

The elderly (aged >65 years) account for an increasing
number of ESRD patients initiating hemodialysis. In Eu-
rope, they represent 39% to 70% of patients, whereas in
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the United States, the figure is 50%. Two of Asia’s largest
hemodialysis populations also show a similar demograph-
ic trend: the mean age is 67.2 years in Japan, and 40% of
Taiwanese ESRD incident patients are elderly (3).

The survival of arteriovenous fistula (AVF) remains an
important problem for hemodialysis patients, accounting
for about 20% of all hospitalizations related to AV access
problems in western countries (4-6). The pathologic
mechanisms of HD vascular access failure are multiple.
Many risk factors such as diabetes, hypotension, insuffi-
cient surgical experience, a higher level of uremic toxin,
and a decrease in heparin administration all had been doc-
umented to be related to the poor outcome of vascular

1What is “already known” in this topic:

The presence of diabetes was independently related to primary
AVF failure, possibly because diabetic patients were more
likely to have increased thrombogenicity, impaired
vasodilatation resulting from endothelial dysfunction and
peripheral arterial disease.

— What this article adds:
We recommend checking CRP level before creating AVF. If

CRP levels are elevated, it is better to postpone the creatation
of AVF until normal CRP level.
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access (1).

The clinical risk factors associated with AV access fail-
ure are advanced age, diabetes mellitus, poor surgical
technique, previous catheter insertion, and history of pe-
ripheral vascular diseases (7). The inflammatory process
has been proposed to play a pathologic role in inflamma-
tory markers including high-sensitivity C- reactive protein
dysfunction and demonstrated that all these systemic in-
flammatory markers were elevated in patients with AVF
dysfunction even though AVF is a local tissue (1). We
designed an observational prospective cohort study on 265
AVFs and evaluated their results after 4 months of fistula
creation and its relation to laboratory tests as ESR and
CRP.

Methods

Study population and design

We conducted an observational prospective cohort study
and enrolled 265 patients with ESRD on maintenance he-
modialysis during a period of 3 years from 2016 to 2019.
A vascular surgeon made all wrist or antecubital AVFs at
Hasheminejad Hospital,a referral center for ESRD pa-
tients, Tehran, Iran. The study was approved by Iran Uni-
versity of Medical Sciences ethics committee. To be in-
cluded in the study, participants had to be at least 8 years
old, receiving outpatient hemodialysis treatment thrice
weekly in 3- to 4-hour sessions for at least 6 months. Pa-
tients were excluded if they were <8 years old, had a life
expectancy of <6 months or if the first episode of AVF
failure was related to an infectious complication, steal
phenomenon or aneurysm.

Blood samples were obtained immediately before the
surgery. All laboratory tests were performed by the hospi-
tal's central laboratory, and hs CRP (high sensitive) was
checked quantitatively. The surgeon followed the accesses
for at least 4 months and failure or maturation of AVFs
was recorded in a checklist. Other information of patients
like age, sex, Body Mass Index (BMI), Diabetes, hyper-
tension, hepatitis B, C, and Hemoglobin level were also
recorded.

Diabetes mellitus (DM) was defined as patients who
were receiving oral anti-diabetic or insulin treatment; with
fasting blood sugar >126 mg/dL or random blood sugar
>200 mg/dL with associated symptoms. Hypertension was
defined as systolic blood pressure (SBP) over 140 mm Hg,
diastolic blood pressure (DBP) over 90 mm Hg, or a histo-
ry of the use of antihypertensive medications for lowering
blood pressure. BMI was calculated as weight (kg)/height

(m?).

Definition of HD vascular access failure and combined
endpoint

The definition of HD vascular access failure was made
clinically, based on the following criteria: the decrease or
absence of palpable and audible bruit in patients with
AVF, or clinical signs of AVF dysfunction (diminished
thrill, limb swelling, decreased flow rate less than 150
mL/min or increased venous pressure more than 200 mm
Hg during HD) or the need for the placement of another
new central venous catheter. We divided our follow-up
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into 3 groups: the first group access failure happened in 30
days, the second group during 30 to 120 days and the third
group was patients with mature AVFs after 120 days.

Statistical analysis

Statistical analysis was computerized using the SPSS
package for windows version 18.0 (SPSS Inc., Chicago,
IL, USA). All continuous variables were provided for
mean valuest standard deviation (SD) or median (inter-
quartile ranges), according to whether normal distribution
as the Kolmogorov-Smirnov Z test. For the assessment of
clinical features, biochemical factors, and access failure
rate among three groups one-way analysis of variance
(ANOVA), Kruskal-Wallis ANOVA, and chi-square test
were applied between continuous and categorical varia-
bles, respectively. Also, unpaired tests and Fisher's tests
were used to compare the differences between patients
with diabetes or not. Logistic regression analysis was uti-
lized to identify factors relevant to vascular access fail-
ure.

Results

Data of 265 patients were collected and analyzed by
SPSS.177 (66.8%) males and 88 (33.2%) females were
included. The surgeon created 161 (60.8%) wrist and 98
(37%) antecubital AVFs. The mean age of patients was
53.18+17.1, ranged from 8 to 91 years old. Sixty percent
of this population (N=159) had diabetes and 105 (39.6%)
were in the normal range. Information of the patients is
listed in Table 1.

We compared the mean of quantitative variables as
CRP, ESR, hemoglobin, lipid profile, liver enzymes, and
coagulation tests by two independent sample T-Test (Ta-
ble 2). Among these variables, CRP and total protein had
a significant difference between the two groups of failure
and mature accesses. (0.02 and 0.04 respectively )

We also recorded results of AVFs in 3 groups: group 1
was patients who had failure during the first 30 days of
access creation. Group 2 was those who had a failure dur-
ing 30-120 days, and the third group had matured AVF s
after 4 months. Details of each group are listed in the Ta-
ble 3.

Using independent sample T-test, there was no statisti-
cal difference between the mean of ESR and the status of
AVFs (matured or functional) (p=0.090) and the frequen-
cy of ESR positive patients didn’t differ statistically be-
tween functional and failed AVFs (p>0.05) but there was
a statistical difference (ANOVA Post Hoc) between the
mean of ESR in the 31-120 days failure group and ma-
tured group (p=0.043).

We evaluated the effect of age, sex, diabetes, hyperten-
sion, ESR and CRP on AVF maturation. There was a sta-
tistical difference between the mean of CRP in matured
and failed AVFs (p=0.029).

Discussion

Eighty-seven (32.8%) of the 265 AVFs had failure after
4 months and 178 (67.2%) were matured and worked.
CRP may be a common, reliable, and available inflamma-
tory parameter. Patients with fluctuated CRP had the
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Table 1. Frequency of AVFs, diabetes, hypertension, smoking, and BMI

Variable Failure (n=87) Mature (n=178) p
AVF Site Wrist 48 (55.2%) 113 (63.5%) 0.187
Ante cubital 37 (42.5%) 61 (34.3%)
Missing 2 (2.3%) 4 (2.2%)
Total 87 (100%) 178 (100%0)
Hypertension Yes 57 (65.5%) 131 (73.6%) 0.152
No 30 (34.5%) 46 (25.8%)
Missing 0 1 (0.6%)
Total 87 (100%) 178 (100%)
Diabetes Yes 34 (39.1%) 71 (39.9%) 0.872
No 53 (60.9%) 106 (59.6%)
Missing 0 1 (0.6%)
Total 87 (100%) 178 (100%0)
BMI <18.5 4 (4.6%) 8 (6.2%) 0.944
18.5-24.9 36 (41.4%) 64 (36%)
25-29.9 16 (18.4%) 32 (18%)
30-34.9 8(9.2%) 20 (11.2%)
35-39.9 1(1.1%) 3 (1.7%)
>40 0 1 (0.6%)
Missing 22 (25.3%) 50 (28.1%)
Total 87 (100%) 178 (100%)
Smoke Yes 9 (10.3%) 22 (12.4%) 0.632
No 78 (89.7%) 156 (87.6%)
Missing 0 0
Total 87 (100%) 178 (100%0)
Table 2. Independent samples T-Test results
Variable Group Mean Std. Deviation p
CRP_mg/dL Failure 24.47 29.72 0.029
Mature 16.74 25.44
ESR Failure 58.90 35.70 0.090
Mature 51.39 30.69
Cholesterol Failure 158.42 46.39 0.873
Mature 157.32 44.62
Triglyceride Failure 138.03 65.14 0.814
Mature 140.80 83.89
HDL Failure 40.18 10.54 0.288
Mature 44.01 27.59
LDL Failure 92.34 41.22 0.977
Mature 92.16 37.87
AST Failure 14.94 5.63 0.313
Mature 16.97 7.73
ALT Failure 16.66 11.91 0.873
Mature 16.21 9.54
Total Protein Failure 7.02 1.58 0.045
Mature 6.42 1.19
Albumin Failure 3.59 0.46 0.614
Mature 3.53 0.81
Hemoglobin Failure 9.36 2.03 0.784
Mature 9.59 7.45
Platelet Failure 2.0 84.3 0.395
Mature 2.1 84.7

highest annual failure rate. The genetic background may
lead to variation in response to inflammatory stimuli (8,
9).

Poy-Chaudhury was the first who found the role of in-
flammation, following invasive procedures such as angi-
ography in AVF failure. The study demonstrated that in-
timal hyperplasia in anastomotic vessels is associated with
thrombotic closure of AVFs, resulting in AVF failure
(10).

In an article published in 2018 in China, they evaluated
the CRP variability and risk of AVF thrombosis. The rate
of annual vascular access failure was significantly higher
in fluctuated CRP group (1).

Oana Stirbu, et. al in 2019 also got a similar result in
which CRP level was an independent predictor of AVF

patency loss (4).

In Another cohort study dome in 2003, the association
between single CRP measurement and mortality of perito-
neal dialysis patients was evaluated and there was a statis-
tical correlation (11).

We also checked CRP level before the access creation
surgery and followed them for 4 months. A Canadian
study on a large, multi-ethnic population compared arteri-
ovenous fistula outcomes (AVF) among patients <65
years old (65- group) to those more than 65 years old (65+
group). Survival and use of interventions were similar
among the young and old dialysis patients. Patients in the
65+ group had an increased risk of fistula failure due to
age (relative risk, RR 1.7; p=0.05) (12). But in our study,
there was no difference in failure between patients young-
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Table 3. Frequency of AVF results

Frequency Percent
Early Failure (<=30 days) 18 6.8
Failure (31days-120days) 69 26.0
Maturation (after 120 days) 178 67.2
Total 265 100.0

Table 4. Logistic model to estimate the probability of AVF failure

Variable B S.E. Wald df p Exp (B)
Hemoglobin 0.001 0.024 0.003 1 0.95 1.0
Diabetes -0.009 0.308 0.001 1 0.97 0.9
Age 0.000 0.009 0.002 1 0.96 1.0
Gender 0.091 0.301 0.091 1 0.76 1.0
Hypertension 0.482 0.322 2.247 1 0.13 1.6
CRP_mg/dL -0.014 0.005 7.003 1 <0.001 0.9
ESR(+/-) 0.076 0.395 0.037 1 0.84 1.0
Constant 0.434 0.698 0.387 1 0.53 1.5

er or older than 65 years (Pearson Chi-square: 0.6).

In our study there was no relationship between diabetic
and non-diabetic patients regarding failure of AVFs.
WeiHung Kuo et al. research, annual failure rate did not
differ between diabetic and non-diabetic patients (1). In
contrast, Afsar et al., demonstrated that the presence of
diabetes was independently related to primary AVF fail-
ure, possibly because diabetic patients were more likely to
have increased thrombogenicity, impaired vasodilatation
resulting from endothelial dysfunction and peripheral arte-
rial disease (13).

In our logistic Regression model, CRP was the only fac-
tor among sex, age, Hb, DM, HTN, ESR, CRP which af-
fected AVF maturation.

According to the study by Tanushree Banerjee et Al
done in 2014 in the US, it is advisable to create AVF be-
fore CVC (central vein catheterization) as it makes in-
flammatory factors that affect the survival of AVFs (7).
Higher levels of inflammatory mediators seen in CVC and
AVG compared with AVF could potentially explain the
higher mortality seen in patients with CVC and AVG
compared with AVF (14).

This study has some limitations that deserve mention:
we checked CRP just one time before surgery, and the
range of CRP level may vary during the 4-month follow
up. Occult inflammatory reactions such as periodontal
disease or chronic Chlamydia pneumoniae infections
might be ignored and not detected. Finally, we only evalu-
ated the clinical factors related to AVF survival. Other
important factors such as the status of native veins also
may influence the patency of AVF.

Conclusion
High CRP level is recognized as a reliable predictor
for survival of AVF. Larger studies are needed to get more
reliable results.
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