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Abstract---Background and Aims: End-stage kidney disease (ESKD) is 

a global health problem. It necessitates renal replacement therapy via 
renal transplantation, peritoneal dialysis, or hemodialysis. Vascular 

access is mandatory for every patient maintained on hemodialysis. It 

is a prerequisite for adequate hemodialysis (HD). Platelets play the 

most important role in securing vascular access function. Patients 

and Methods: A retrospective cohort study was conducted on 87 

patients who underwent intermittent HD via arteriovenous fistula 
(AVF). Patients were divided into two groups. Group1 (Study group): 

patients with recent thrombosed AVF within a week of laboratory 

investigation. Group2 (Control group): patients with well-functioning 

AVF Evaluation of patients: Results:  The mean platelet volume (MPV), 

Plateletcrit (PCT), and platelet diameter width (PDW) were 10.43, 
0.222, and 13.56 in the study group respectively while in the control 
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group they were 10.11067, 0.201944 and 12.9. MPV/PL count was 

significant between the two groups. Conclusion: The study found that 

the larger the platelet indices, the more vascular access malfunctions. 

The MPV/PL ratio can be used to examine the function of vascular 
access and estimate its lifespan that continuous monitoring of that 

ratio might be effective in detecting the risk of AVF in patients 

receiving regular hemodialysis. 

 

Keywords--- AVF malfunction, hemodialysis, platelet indices. 

 
 

Introduction  

 

Hemodialysis (HD) is a type of renal replacement treatment for those who have 

kidney failure [1]. Every patient who requires HD must have vascular access (VA) 
to provide an effective blood flow rate throughout the HD session [2]. The most 

frequent kind of VA is an arteriovenous fistula (AVF) [3]. The procedure involves 

anastomosing the limb artery with its corresponding vein. For complete 

maturation of AVF and arterialization of veins to tolerate repeated cannulation 

with HD needles, it takes at least three weeks [4]. Platelets are crucial in the 

development of a typical atheroma, which can lead to peripheral arterial disease, 
coronary artery disease, and infarction. Even though circulating platelets vary in 

size and reactivity, it is widely assumed that larger platelets are metabolically and 

enzymatically more active and have a higher thrombotic potential than smaller 

platelets [5]. Using either the electrical impedance or optical fluorescence 

approach, automated blood analyzers calculate the mean platelet volume (MPV) 
[6].  

 

It represents the platelet size distribution in a blood sample. As a result, MPV has 

received a great deal of interest as a promising measure of platelet function and 

activation. In patients with non-ST elevation acute coronary syndrome raised MPV 

has been linked to a greater risk of restenosis following coronary angioplasty and 
a higher rate of significant adverse cardiovascular events, according to many 

studies [7]. Patients with end-stage kidney disease (ESKD) are also susceptible to 

bleeding and thrombosis [8]. They have thrombasthenia and take anticoagulants 

throughout HD sessions, but they also have dehydration after dialysis, 

atherosclerosis, and extended recumbency, making it difficult to forecast what 
our patients require. Because of uremic thrombasthenia, the peripheral platelet 

count cannot predict platelet function [9]. As a result, in our study, we attempted 

to resolve this conundrum and ascertain a hint to anticipate or maybe cure AVF 

dysfunction in HD patients. 

 

Patients and Methods 
 

Patients' ethics declaration 

 

This study was carried out in accordance with the Declaration of Helsinki and 

was approved by the Institutional Review Board (IRB) of the Urology and 
Nephrology Center, Mansoura University (Ref. 2021-04- 01-SM). The IRB waived 

the requirement for written permission because the study was retrospective and 
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the participants were de-identified. This study was performed on a total of 101 

patients who received regular hemodialysis and met the inclusion criteria between 

May 2021 and March 2022. Patients had to be at least 18 years old, have been on 

HD for at least six months, and be reliant on AVF as permanent vascular access. 

Patients with a medical condition that might induce thrombophilia 
(antiphospholipid syndrome, polycythemia, etc.), an arteriovenous synthetic graft, 

a venous tunneled catheter, a history of congestive heart failure, or a previous 

vascular access surgical intervention were all excluded. A central venous tunneled 

catheter was used in 5 patients, while an arteriovenous synthetic graft was used 

in 9 others. As a consequence, the patients in the research were separated into 

two groups (n=87): group 1 included 21 patients with AVF malfunction, and group 
2 had 66 patients with AVF that worked properly. 

 

Research Methods  

 

Patients were subjected to the following: full history taking, complete clinical 
examination including measurement of arterial blood pressure (Intradialytic 

hypotension is demarcated as the asymptomatic reduction in systolic blood 

pressure of 30 mmHg or a fall in mean blood pressure of 10 mmHg during 

dialysis) [10], and BMI. Furthermore, an auto-analyzer (Sysmex XN-9100TM 

Automated Hematology System) was used to analyze laboratory parameters such 

as MPV level, PL count, and hemoglobin (Hgb) level from blood samples. Routine 
serum biochemical tests were evaluated by an auto-analyzer (Beckman Coulter 

AU5800; Beckman Coulter Inc., Brea, California, USA). Kt/V was designed in line 

with the procedure of Gotch [11]. URR (urea reduction ratio) was premeditated by 

the formula: 1− (post‑BUN/pre‑BUN) [12]. The AVF's flow rate (FR) and velocity 

were measured using Doppler ultrasonography. 

 

Statistical analysis  
 

GraphPad Prism version 8.2 was used to collect and analyze the data. The 

relationship between qualitative variables was measured using the χ2‑Test. 

Fisher exact test was applied for 2*2 qualitative variables. When the data were not 

normally distributed, the Mann–Whitney test (U) was employed to compare the 

mean and SD of two sets of quantitative normally distributed data. The receiver 
operating characteristic curve (ROC) was used to find the cutoff value that had 

the best sensitivity and specificity. The following metrics were calculated: 

sensitivity, specificity, and diagnostic accuracy. 

 

Results 

 
Baseline characteristics of the studied groups  

 

The baseline characteristics of the study patients are publicized in Table 1. The 

mean age was 50.38 ±5.96 years and 42.63 ±5.66 for the studied groups 

respectively with a predominance significance of males between the two groups. 

There was no statistically significant difference between functioning and 
dysfunctioning groups regarding their age, duration of hemodialysis, AVF in 

dominance, Kt/V, and BMI (P=0.051, 0.93, 0.144, and 0.205 respectively). There 

was a statistically significant difference between functioning and dysfunctioning 
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groups regarding intradialytic hypotension, as 80.95 % of the dysfunctioning 

group had intradialytic hypotension compared with 46.96 % of the functioning 

group (P=0.043); however, there was no statistically significant difference between 

functioning and dysfunctioning groups regarding Hgb, Hct, calcium, and 
phosphorus (P= 0.219, 0.799, 0.374, and 0.114, respectively). There was a 

statistically significant difference between the study groups regarding PL count, 

showing a higher PL count in the functioning group (215.75/103) than in the 

dysfunctioning group (155.2/103). 

 

Table 1 
Bassline characteristics of laboratory and clinical data of both studied groups 

SD, standard deviation. Hgb, hemoglobin. Plt, platelet count, Hct, hematocrit. 

 

Comparison of Platelets indices in both studied groups 

 

The mean platelet volume (MPV) of the dysfunctioning group was lower than the 
functioning group (8.05±1.06) (P=0.04) when the MPV was compared in both 

groups. Furthermore, there were significant variations in MPV/PL between the 

two groups (P=0.01). PCT and PDW, on the other hand, were not statistically 

significant as revealed in Table 2. 

 

 

Parameters  Study group  
(AVF dysfunction)  

No= 21 

Control group 
(Functioning AVF)  

No=66 

P-value 

Age (Mean ± SD) 50.38 ±5.96 42.63 ±5.66 0.051 

Sex (Male/Female) 12/9 43/23 >0.001 

Duration of hemodialysis in 

months (Mean± SD) 

108 ±28.6 103.4±30.5 0.93 

Intradialytic hypotension 

- Yes  

- No  

 

17 (80.95%) 

4 (19.04%) 

 

31 (46.96%) 

35 (53.03%) 

 

0.043 

AVF in dominant versus non-
dominant hand 

8/13 18/48 0.513 

Kt /V (mean ± SD) 1.22± 0.233 1.32± 0.259 0.144 

Hgb gm/dl (mean ± SD) 10.67 ± 2.7 11.64 ± 3.01 0.219 

Hct (Mean±SD) 32.70 ± 3.62 32.33 ± 5.61 0.799 

Plt count/103 (Mean±SD) 155.2± 75.13 215.75 ± 72.23 0.023 

Ischemic heart disease 

 (present/absent) 

13/8 30/36 >0.001 

Serum calcium (Mean±SD) 9.03±0.93 9.25±0.92 0.374 

Serum phosphorus (Mean±SD) 5.011±1.53 5.695± 1.62 0.114 

Serum cholesterol (Mean± SD) 134.9 ±2.09 136.3±0.99 0.041 

Urea reduction ratio (Mean ± SD) 59.51±2.36 68.9±5.62 0.012 

Body mass index: 

- <18.5 

- 18.6-24.9 

- 25-29.9 
- >30 

 

1 

9 

7 
4 

 

7 

33 

19 
7 

 

0.205 
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Table 2 

Comparison of Platelets indices in both studied groups 

 

             

               Parameters  

Study group  

(AVF dysfunction) 

No= 21 

Control group 

(functioning AVF) 

No=66 

P-value 

MPV (Mean±SD) 8.05±1.06 10.09 ± 0.94 0.04 

MPV/PL count  (Mean±SD) 61.20 ± 3.12 55.3 ± 4.98 0.01 

PCT (Mean±SD) 0.211±0.068 0.201 ±0.07 0.30 

PDW 13.3 ±2.96 12.98 ± 2.37 0.28 

MPV, mean platelet volume. MPV/PL count ratio, mean platelet volume/platelet 
count ratio. PCT, Plateletcret. PDW, platelet diameter width. AVF, arteriovenous 

fistula. SD, standard deviation 

 

Valuation of arteriovenous fistula in the study population  

 
In terms of fistulas with difficult cannulation, there was a statistically significant 

difference between the study groups, with 57.14 % of group 1 having a 

functioning fistula with difficult cannulation compared to 10.60 % of group 2. In 

terms of arm elevation test, there was a statistically significant difference between 

the study groups, with % of group 2 having a positive result compared to 9.52 % 

of group 1. There was a statistically significant difference in the history of 
ischemia between the two groups tested, with 80.96 % of group 1 having a history 

of ischemia compared to 0.0 % of group 2. Table 3 shows that there was no 

statistically significant difference between the study groups when it came to 

thrombosis history and AVF age. 

 
Table 3 

Clinical assessment of the arteriovenous fistula in the studied groups 

 

AVF Appearances Study group 

(AVF dysfunction) 

N= 21 

Control group 

(functioning AVF) 

N=66 

P-value 

History of thrombosis (n, %) 

- No 
- One 

- Two 

 

18 (85.7%) 
2 (9.52%) 

1 (4.76%) 

 

53 (80.30%) 
7 (10.60%) 

6 (9.09%) 

 

0.056 

AVF age (months) (Mean±SD) 18.5±5.89 21.32±6.87 0.621 

Fistula with difficult cannulation (n, %) 

- No 

- Yes 

 

9 (42.85%) 

12 (57.14%) 

 

59 (89.39%) 

7 (10.60%) 

 

> 0.001 

Arm elevation test (n, %) 

- -ve 
- +ve  

 

19 (90.47%) 
2 (9.52%) 

 

0 (0.0) 
66 (100%) 

 

>0.001 

Ischemia (n, %) 

- Yes 

- No  

 

17 (80.96%) 

4 (19.04%) 

 

0 (0.0) 

66 (100%) 

 

>0.001 
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Doppler appearances in all participants  

 

By studying Doppler appearances of the AVF, our findings indicated statistically 

significant differences between the study groups in terms of velocity and flow rate, 
but no statistically significant differences in terms of arterial and venous 

diameter, as shown in Table 4. 

 

Table 4 

Doppler appearances of the AVF among the studied groups 

 

 
Doppler data 

Study group 
(AVF dysfunction) 

N= 21 

Control group 
(functioning AVF) 

N=66 

Mann-Whitney 
U test 

P-value 

Arterial diameter (mm) 

(Mean±SD) 

 

4.04±1.13 4.6±1.05 1.42 0.058 

Venous diameter (mm) 

(Mean±SD) 
 

6.02±2.7 7.02±3.5 0.745 0.158 

Velocity (Mean±SD) 

 

16.7±37.6 97.1±43.9 4.91 >0.001 

Flow rate (ml/min) 

(Mean±SD) 

 

209.6±44.24 993.7±188.12 4.42 >0.001 

 

Receiving operating characteristics (ROC) for MPV/PL count ratio prediction  
 

The cutoff value of the MPV/PL ratio, which can diagnose AVF function in 

Egyptian hemodialysis patients, was determined using the receiver operating 

characteristic (ROC). The best cutoff point was 58.7, as shown in Figure 1, with 

an area under the curve (AUC) of 0.879. As indicated in Table 5, the sensitivity 

was 92.5 percent, the specificity was 81 %, the positive predictive value was 0.830 
(95 % CI: 0.921 to 0.920), and the negative predictive value was 0.305 (95 % CI: 

0.202 to 0.376). 

 

Table 5 

Receiving operating characteristics (ROC) for MPV/PL count prediction of AVF 
 

Area under the ROC curve (AUC)  0.879 

Standard Error  0.28 

95% Confidence interval  (0.870 - 0.947) 

Significance level P (Area=0.5) 0.004 

Youden index  0.53 

Sensitivity 92.5 

Specificity 81.0 

Optimal cutoff point 58.7 
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Figure 1. ROC of MPV/PL count for predicting AVF function in Egyptian 

hemodialytic patients 

 

Discussion 

 

The hemodialysis (HD) patient requires well-functioning vascular access; 
nonetheless, HD vascular access failure remains one of the most common causes 

of morbidity in the HD population [13]. The gradual development of neointimal 

hyperplastic stenosis is a common cause of HD vascular access impairment [14]. 

These lesions increase intra-access resistance, which reduces blood flow and 

leads to thrombosis, which is the most common cause of HD vascular access 
failure [15]. Our research is a retrospective cohort study that examines the many 

parameters that influence the function of arteriovenous fistulas in hemodialysis 

patients. Our data revealed that there was no statistically significant difference 

between the functional and dysfunctioning groups in terms of age, Kt/V, and 

BMI. Contrary to popular opinion, older age, diabetes, male sex, obesity, 

cardiovascular illness, and smoking have all been linked to VAF in HD patients 
[16], [17]. A modest sample size might justify this. Intradialytic hypotension was 

shown to differ significantly between the two groups in our investigation. 

 

In this study, there were no significant differences between both groups as regard 

duration of hemodialysis and the presence of AVF in the non-dominant hand. 
These findings were supported by Turkish research that found that, despite no 

difference in infection rates, having AVF in the non-dominant arm improves the 

quality of life of patients [18]. Our data showed that an increase in MPV/PL count 

ratio was significantly associated with VAF. This comes in line with other studies 

[19].  In our study, there was high MPV in a group of AVF dysfunction that was 

similar to that reported in a study of 163 chronic hemodialysis patients by 
Abdelmagid et al [20]. The difference in URR between the two groups was 

exceptionally significant in our study. Other research [21], [22] has found the 

same finding. According to Doppler on AVF, there was a substantial difference 
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between the two groups in terms of flow rate and velocity, with group 2 having a 

greater velocity. This finding agrees with that of Ahmed et al [19], who revealed a 

substantial variation in Doppler parameters (flow rate, velocity, and resistive 

index) in HD patients depending on AVF function, finding that these values were 
high in patients with functioning AVF. 

 

Although several monitoring and surveillance approaches exist to detect 

arteriovenous vascular access dysfunction, the choice is influenced by several 

factors, the most important of which are vascular access type, technology, 

operator effect, and cost [23]. As a result, developing simple, cost-effective, and 
universal approaches to test for the risk of VAF in hemodialysis patients is 

critical. Platelet reactivity is an important factor to consider since platelets play a 

crucial role in vascular disease [24]. Platelet dysfunction has been found in 

uremic patients due to reduced platelet aggregation and poor platelet adhesion 

[25]. It might be caused by platelet granule disruption, altered Ca+ metabolism, 
decreased GP IIb/IIIa function, and reduced vWF and fibrinogen binding in 

uremic patients [26]. 

 

On the contrary, elevated levels of phosphatidylserine, P-selectin, and fibrinogen 

receptor PAC-1 in platelets have been linked to an increased risk of thrombosis in 

uremic patients [27]. Although nothing is understood about why one uremic 
patient has bleeding while another experiences severe thrombus development, a 

generic approach for measuring platelet reactivity is required. Several studies 

have found a link between MPV and vascular disease [28], [29]. MPV was found to 

be an independent predictor of acetylcholine-induced coronary vasospasm in 

research by Leader et al. [30]. Berger et al. found that an increase in MPV was 
independently linked with peripheral artery disease, as defined by an ankle-

brachial index of 0.90 in either leg [31]. 

 

The platelet count and MPV are often negatively associated [32]. As a result, a 

higher MPV/platelet count ratio indicates a higher MPV and a lower platelet 

count. Furthermore, a drop in platelet count might suggest coagulation system 
activity. Multiple investigations have linked a low platelet count to elevated 

glycoprotein VI and inflammatory markers, suggesting that platelet activation is 

enhanced in cardiovascular disease [33], [34]. Williams et al. [56] found that 

heparin-induced thrombocytopenia may have a role in recurrent ischemia 

episodes in individuals with the acute coronary syndrome [35]. As a result, the 
MPV/platelet count ratio may be more useful in predicting platelet reactivity than 

MPV alone. Han et al. found that the MPV/platelet count ratio might be a more 

effective predictor of deep vein thrombosis than MPV alone [36]. 

 

Conclusion 

 
Our study found that in hemodialysis patients, a rise in the MPV/platelet count 

ratio over time was independently linked with VAF. Although more research is 

needed to fully understand the function of the MPV/platelet count ratio as a risk 

factor for VAF, the findings imply that continuous monitoring of the ratio might 

be effective in detecting the risk of VAF in patients receiving regular hemodialysis.  
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