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Objectives: This study aims to assess the relation between 
late term arteriovenous fistula thrombosis and alteration in 
hemogram parameters before the occurrence of thrombosis 
in hemodialysis patients with end-stage renal failure.

Materials and Methods: Data of three hemodialysis 
centers in our city were evaluated retrospectively. The 
results of hemogram values before thrombosis formation 
at first and third month in 14 re-operated patients between 
March-September 2017, owing to late term fistula 
thrombosis occurrence, who previously had a successful 
fistula access, were compared to 73 patients still having 
hemodailysis therapy via fistula access.

Results: Statistically significant increments were 

measured in neutrophile to lympocyte ratio, red blood 
cell distribution width, mean platelet volume, platelet 
distribution width parameters in fistula thrombosis 
developed patients compared to their previous results three 
months before thrombosis formation and control group. 
No significant relation was found between thrombosis 
formation and other parameters in hemogram.

Conclusion: Herein, it’s determined that a profound 
examination of hemogram has a predictive value for late 
term fistula thrombosis in hemodialysis patients.
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Introduction
Nowadays, with the advances in healthcare and 

prolonged life expectancy, there has been an increase in 
end-stage renal disease patients (ESRDP)(1). In this patient 
population, autogenous arteriovenous fistula (AVF), 
which has been created to provide hemodialysis, should 
be considered as the first choice for vascular access due to 
its long-term patency, increased patient comfort and low 
complication rate(2). Complications of vascular access in 
these patients may cause morbidities therefore patency of 
an AVF that provides an adequate flow (300-400 mL/min) 
is crucial(3). 

Although early stage thrombosis due to AVF is often 
associated with surgical complications and technique, 
success for vascular access at one-year postoperatively 
varies between 42% and 90%, depending on various 
reasons(4). As for the cause of thrombosis formation in 
the late period, neointimal hyperplasia and inflammatory 
processes are the most common reasons(5). Therefore, 
many enzymes, hormones and biochemical parameters 
have been studied so as to identify a predictive marker 
before the occurrence of thrombosis(5-8).

The hemogram is an inexpensive and fast test that 
provides extensive information which is frequently 
utilized in ESRDP. In recent articles, especially, neutrophil 
to lymphocyte ratio (NLR) and red cell distribution width 
(RDW) are often associated with inflammatory processes 
and secondary thrombotic processes(9,10).

In this study, the data of patients who were operated on 
for late AVF thrombosis and who were receiving routine 
hemodialysis via AVF were analyzed retrospectively 
and the relation between AVF stenosis and haemogram 
parameters was investigated.

Materials and Methods
For this study, the data of three separate hemodialysis 

centers in Şırnak province were retrospectively reviewed. 
Overall 96 patients receiving hemodialysis treatment 
were evaluated. The case group consisted of 14 patients 
referred to us from these three centers, whom were 

afterwards operated on in our institute due to late-onset 
fistula thrombosis and between March and September 
2017. Heretofore, all patients were successfully receiving 
hemodialysis treatment via AVF. 

The patients who had fistula thrombosis in less than 
a month following AVF opening, or who were still not 
able to receive a successful hemodialysis treatment 
with fistula access a month after the AVF opening, were 
excluded in the study. On the other hand, the control 
group was comprised of 73 patients who were receiving 
hemodialysis treatment with AVF access. A total of 87 
patients were included in this study. Nonetheless, nine 
patients undergoing hemodialysis treatment via catheter 
were not included in any group.

Routine hemogram examines at monthly intervals of 
these patients at all three centers has being done by the 
devices of same brand and model (Siemens, Sysmex XT 
1800i, Germany). 

The device calibrations are supervised by the same 
biochemistry specialist. Thus, the differences originating 
from measurement errors among the hemogram values 
were minimized. Hemogram values were recorded before 
the thrombosis development at first and third months from 
the patients who had late fistula thrombosis. In control 
group, the results of the hemogram which are performed in 
the last month were evaluated. Case group value at month 
one recorded as 1A and the third month group was 1B. 
The control group was named as group 2 and the statistical 
analysis was performed.

Statistical Analysis

Statistical Package for Social Sciences Package 
(SPSS-Chicago, IL, USA) 15.0 programme was used for 
statistical analysis. The quantitative data was evaluated 
with chi-square test. Kolmogorov-Smirnov test was used 
to determine the normal distribution of the variables. 
Parametrical data analysis was performed by ANOVA 
instead of Student t-test, as the case group was divided into 
two subgroups that including the results belonging to 1st 
and 3rd months. Post-hoc test was utilized to significant p 
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values ​​after ANOVA. Paired comparisons were made with 
Bonferroni Test because of different sample sizes between 
groups. P value ˂0.05 was considered as statistically 
significant.

Informed consent form was obtained from each patient 
before surgical process.

Results
A total of 14 fistula patients with AVF thrombosis, had 

undergone initial AVF opening operations at different dates 
by various surgeons. Thirteen (92.8%) radiocephalic and 
one (7.2%) brachiocephalic anastomosis was performed 
to those. Nine (64.2%) of the radiocephalic fistulas were 
located at the wrist level (Brescia-Cimino) and 4 (28.5%) 
were at the Snuffbox zone. Except for two (14.2%) 
Brescia-Cimino fistulas, all Brescia-Ciminofistulas were 
locating in the left arm. AVF thrombosis occurred in 
three patients following second AVF opening, and in one, 
following the third attempt. Previously, all patients were 
successfully receiving hemodialysis treatment via AVF 
access. Mean time between AVF opening and thrombosis 
occurrence was 9 (3-28) months.

Brescia-Cimino fistula was performed in 3 patients in 
the same forearm with the Snuffbox fistula thrombosis. 
Among the 9 patients with Brescia-Cimino fistula, 
three patients underwent thrombectomy, three patients 
underwent radiocephalic fistula operation at a more 
proximal level (one of which had developed an early fistula 
in the 48 hours after thrombectomy). Brachiocephalic 
AVF was opened to two patients in the same limb and 
for the other two patients, Brescia-Cimino fistula was 
created from the other forearm due to multiple and large 
venous aneurysms. In addition to these, one patient 
had brachiocephalic AVF from the other arm due to the 
previous surgical deliveries.

Demographic data such as age, gender and presence of 
comorbidities were compared with the control group and 
no significant difference was determined (Table 1).

Hemogram values of the first and third months of the 
patients before fistula thrombosis occurrence and the 

patients comprising the control group while receiving 
hemodialysis via fistula uneventfully were compared. 
Only four parameters were determined as statistically 
significant in triple group analysis. Those were RDW 
(p=0.02), platelet distribution width (PDW), (p=0.04); 
mean platelet volume (MPV), (p=0.02) and NLR (p=0.01) 
respectively (Table 1). Bonferroni pairwise comparison 
test was then applied to aforementioned four parameters 
to distinguish the significant values. When the results of 
the case group for first month was considered, there was a 
significantly difference in comparisons with to their third 
month measurements before thrombosis formation as well 
as the control group values. However, the third month and 
the control group values did not differ in paired analysis.

The values were calculated as p=0.011, p=0.016 for 
RDW; p=0.021, p=0.034 for PDW, p=0.018, p=0.026 
for MPV and p˂0.001, p˂0.001 for NLR; respectively 
(Table 2). There was no statistically significant difference 
between the other paired comparisons.

Discussion
In this study, four different hemogram parameters 

were detected that may associate with late term AVF 
thrombosis. NLR, RDW, PDW, MPV values one month 
before the thrombosis formation showed an increment 
when compared with the results of either their values 
at the third month before thrombosis or control group. 
Moreover, these outcomes were determined as statistically 
significant.

There are several studies investigating the 
physiopathology that underlying AVF thrombosis 
formation. In the literature, numerous biochemical 
markers which are frequently used in daily routine have 
been investigated in order to determine a predictive 
influence on this issue.

Morton et al. have evaluated 1512 patients from 
thirteen different studies in their meta-analysis study(11).  At 
the end of the study, no relation was found between AVF 
thrombosis development and a total of twelve biochemical 
parameters including hemoglobin levels and C-reactive 
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protein (CRP). In contrast to this, Chou et al. designed 
a study considering the hypothesis that CRP increment 
is accelerating the neointimal hyperplasia among 51 
AVF thrombosis developed patients and determined an 
association between CRP values and AVF thrombosis 
formation(12). A similar result was also stated by Kuo et 
al.(13). 

Studies investigating the relationship between AVF 
thrombosis and the inflammatory process are not limited 
to CRP. In addition to NLR, RDW is also associated with 
inflammatory process and assessed in various studies 
concerning the AVF thrombosis formation. Çiçek et al. 
have examined the relationship between preoperative 
NLR and fistula success in a serial of 80 patients from 

three different centers in their study(14). Consequently, 
they concluded that an alteration at NLR may be a guide 
for the treatment and prognosis of AVF thrombosis. 
Furthermore, Usman et al. determined that NLR and 
RDW values are associated with the development of 
fistula thrombosis in their study that consists of 150 
patients(15). These outcomes have been corroborated by 
Bojakowski et al.(16). They conducted a retrospective 
study aiming to determine the potential risk factors for 
late term AVF thrombosis and found RDW and NLR 
values directly related. 

Therewithal, similar results for RDW and NLR 
were found to be significant in terms of early fistula 
thrombosis. Memetoğlu et al. indicate that RDW and 

Table 1. Comparison of demographic data and hemogram values between groups
Patients Group 1A (before AV fistula 

thrombosis month 1)
Group 1B (before AV fistula 
thrombosis month 3)

Group 2 p value

Number 87 14 73 0.32

Age 62±14 64±12 60±15 0.14

Gender
F 36 (41.3%) 6 (42.8%) 30 (47.6%) 0.52

M 41 (58.7%) 8 (57.2%) 33 (53.4%) 0.68

Diabetes 27 (31%) 6 (42.8%) 21 (28.7%) 0.07

Hypertension 69 (79.3%) 11 (78.5%) 58 (78.4%) 0.92

Cigarette (pack year) 48±24 46±18 49±22 0.23

Hyperlipidemia 29 (34.5%) 5 (35.7%) 25 (34.2%) 0.83

Hemogram values

WBC (109/L ± SD) 7.2±2.2 8.2±2.1 7.6±1.7 7.5±2.3 0.06

RBC (x1012/L ± SD) 3.7±0.4 3.6±0.5 3.6±0.8 3.7±0.6 0.22

Hb (g/dL ± SD) 10.9±1.2 11.1±0.7 11.0±0.6 10.9±1.0 0.17

HCT (%, ± SD) 32.8±3.7 33.2±3.1 33.0±2.9 32.7±4.6 0.08

PLT (x103/µL ± SD) 242±91 236±102 240±106 243±89 0.06

MCH (fL ± SD) 30.6±2.4 30.3±2.5 31.1±2.2 30.4±1.8 0.34

MCHC (q/dL±SD) 32.4±1.0 32.7±0.8 32.5±1.1 32.2±1.7 0.19

MCV (fL ± SD) 87.3±8.2 86.9±10.1 87.2±8.0 87.5±9.2 0.14

RDW (fL ± SD) 44.5±6.3 47.2±7.2 44.2±6.2 44.5±5.9 0.02*

PDW (fL ± SD) 13.6±2.8 14.3±2.6 13.4±3.0 13.5±2.5 0.04*

MPV (fL ± SD) 11.2±0.9 12.1±1.2 11.4±0.8 11.2±1.1 0.02*

Neutrophils (109/L ± SD) 6.4±2.6 7.2±3.0 6.6±2.4 6.3±2.7 0.08

WBC: White blood cell, RBC: Red blood cell, Hb: Hemoglobin, HCT: Hematocrit, PLT: Platelet, MCH: Mean corpuscular hemoglobin, MCHC: Mean erythrocyte 
hemoglobin concentration, RDW: Red cell distribution width, PDW: Platelet distribution width, MPV: Mean platelet volume, AV: Arteriovenous, MCV: Mean 
cell volume, SD: Standard deviation, F: Female, M: Male, data are presented as mean ± standard deviation or as number and percentage. Statistical analysis 
performed with chi-square test 
*Statistically significant results are written in bold
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NLR values are associated with rapidly developing AVF 
thrombosis and they remark that these parameters may 
have a cautionary value(17). Despite several hemogram 
parameters were examined in these studies, the PDW and 
MPV parameters which are related to platelets were not 
evaluated. However, we had a change to measure these 
parameters and the results were found as statistically 
significant.

Although the increase in MPV and PDW are often 
associated with thrombotic and inflammatory processes; 
in literature search, no reports were found considering 
the patients with the AVF thrombosis. Thus, as per our 
knowledge, our recent study has to be a feature of being 
the first study concerning this issue. Besides that, there 
are several publications on the relationship between these 
parameters and cardiovascular diseases(18-21). In their 

meta-analysis study, Chu et al. determined a significant 
association between MPV increase and acute myocardial 
infarction and other cardiovascular diseases(20). Therefore, 
they defined MPV as a prognostic indicator and a risk 
factor.

There are limited studies investigating PDW. De 
Luca et al. have determined no significant relationship 
between coronary artery disease and PDW in a 
prospective study involving 1882 patients(21). On the 
other hand, in a study containing 53 patients with 
cerebral venous sinus thrombosis, Kamışlı et al. found 
significant increase in MPV and PDW values and 
therefore suggest that these parameters may be thought 
as predictive markers(22).

Consistently with the literature in this study, the NLP, 
MPV, PDW and RDW parameters which are associated 

Table 2. Paired comparisons with the bonferroni test of the parameters that calculated significant at ANOVA test

Averages difference Standard deviation p value
95% security range

Lower limit Upper limit

RDW

Group 1A Group 1B
Group 2

3.0
2.8

3.004
3.015

0.011
0.016

0.4
0.5

6.1
5.8

Group 1B Group 1A
Group 2

-3.0
-0.3

3.004
3.063

0.011
0.810

-6.1
-3.3

-0.4
2.6

Group 2 Group 1A
Group 1B

-2.8
0.3

3.015
3.063

0.016
0.810

-5.8
-2.6

-0.5
3.3

MPV

Group 1A Group 1B
Group 2

0.7
0.9

3.021
3.046

0.021
0.034

0.4
0.5

1.1
1.2

Group 1B Group 1A
Group 2

-0.7
0.2

3.021
3.014

0.021
0.243

-1.1
-0.1

-0.4
0.5

Group 2 Group 1A
Group 1B

0.9
-0.2

3.046
3.014

0.034
0.243

-1.2
-0.5

-0.5
0.1

PDW

Group 1A Group 1B
Group 2

0.9
0.8

3.148
3.042

0.018
0.026

0.4
0.5

1.3
1.2

Group 1B Group 1A
Group 2

-0.9
-0.1

3.148
3.073

0.018
0.948

-1.3
-0.5

-0.4
0.3

Group 2 Group 1A
Group 1B

-0.9
0.1

3.042
3.073

0.026
0.948

-1.3
0.3

-0.4
0.5

NLR

Group 1A Group 1B
Group 2

0.77
0.70

3.002
3.006

0.000
0.000

0.46
0.35

1.08
0.96

Group 1B Group 1A
Group 2

-0.77
-0.07

3.002
3.314

0.000
0.634

-1.08
0.25

0.46
0.39

Group 2 Group 1A
Group 1B

-0.70
0.07

3.006
3.314

0.000
0.634

-0.96
-0.39

-0.35
-0.25

RDW: Red cell distribution width, PDW: Platelet distribution width, MPV: Mean platelet volume, NLR: Neutrophile to lympocyte ratio	
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with inflammatory and prothrombotic processes in prior 
studies were found to be compatible with late stage 
AVF thrombosis. The increase between first and third 
month values before the development of thrombosis 
was determined as significant. However, no significant 
difference was evaluated between third month values 
and control group results in paired comparisons. In the 
light of these results, we are in opinion that the increase 
aforementioned parameters may be interpreted in favor of 
thrombosis development.

Retrospective design, limited patient population and 
the opening of the initial AVFs by different surgeons 
constitute the limitations of this study. Further randomized, 
prospective studies in larger series are needed to support 
this data.

To summarize, an increase in PDW, MPV, NLP and 
RDW parameters in a regular and profound hemogram 
examination has a predictive value and may provide a 
clinical benefit for AVF thrombosis formation in patients 
who were receiving hemodialysis via AVF with the 
diagnosis of end-stage renal failure.
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