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PLATELET PARAMETERS AS INDICATORS  
OF ARTERIOVENOUS FISTULA THROMBOSIS  
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Abstract. Background: The total number of platelets (PLT), plateletcrit (PCT), mean platelet 
volume (MPV), and platelet distribution width (PDW) are utilized as markers of platelet acti-
vation in assessing thrombotic vascular events. Given the critical importance of maintaining 

(HD) patients, the question arises: Is it possible to detect changes in platelet parameters that 
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INTRODUCTION

C
hronic kidney disease (CKD) is characterized 
by gradual and irreversible damage to neph-
rons or diminished renal function, resulting 

chronic, this condition must persist for over three 
months and be corroborated by radiological or ultra-
sonographic evidence of structural kidney alterations 

Hemodialysis (HD) treatment for end-stage CKD pa-
tients necessitates continuous bloodstream access, 
which can be achieved through a central venous 

-
tula, or an AV graft. Since its introduction in 1966 by 

deemed the gold standard for vascular access in 
chronic HD applications [4, 5].

-

management through thrombectomy or endovascu-
lar intervention [6, 7]. It is characterized by the com-
plete cessation of blood circulation in the venous 

-
mosis, due to thrombus formation, which can occur at 
any point within the vein. Rodriguez et al. [8] reported 
that among patients dialyzed via the initial native AV 

-
enced more than three episodes of thrombosis out 

-
sodes per patient per year. Hypercoagulability result-
ing from platelet and plasma factor abnormalities is 

HD patients [9].

Platelets in the bloodstream are typically inactive, 
discoid in shape, and possess a delicate surface. 
Upon injury to a blood vessel or endothelium dam-
age (including AV plaque rupture), platelets adhere 
to the injury site, become activated, change shape, 
release granule contents, and aggregate by binding 
to each other, forming a primary hemostatic throm-
bus [10]. Most studies on platelet abnormalities in 
HD patients have focused on defects in platelet ad-
hesion as the primary cause of increased bleeding 
in these patients [11].

Platelet abnormalities are primarily assessed through 

balance between bone marrow production and loss 
 

within or below the reference interval, indicating mod-
erate thrombocytopenia [12]. MPV values below the 
lower reference interval limit signify platelet degranu-
lation, whereas elevated MPV indicates the formation 

-

comprehensive information about platelet mass [14]. 
-

penia and variation in platelet size occur concurrent-

[15]. PDW increases during platelet activation [16].

in HD patients, including reduced platelet production 
in the bone marrow, shortened lifespan in circulation 
due to uremic toxins, platelet loss during HD proce-
dures, retention of approximately 30% of platelets in 
extracorporeal circulation during HD treatment, and 
physical destruction of platelets due to intravascular 
catheters [17]. MPV, PDW, and the percentage of 

decline in platelet count and indices occurs due to 
platelet activation, leading to degranulation and re-
lease of PF-4 from alpha granules and serotonin from 
dense granules, well-known markers of platelet acti-
vation [10, 17].

Given the availability, routine determination, and rela-
tively low cost of platelet parameters, our research 
hypothesis focuses on investigating their role in de-

patients undergoing chronic HD treatment.

MATERIALS AND METHODS

sectional, controlled study conducted at the Clinic for 
Hemodialysis and the Department of Clinical Chem-
istry and Biochemistry, Clinical Center University of 
Sarajevo.

It involved 100 patients of both sexes (66/66.0% 
male; 34/34.0% female), aged 20 to 65 years, di-
agnosed with end-stage renal disease. All patients 
underwent a standard bicarbonate hemodialysis pro-

-
cess and heparin as an anticoagulant, with erythro-
poietin administered to treat renal anemia.

-
bosis, patients were divided into two groups:

1. Patients undergoing chronic HD treatment with-

2. Patients undergoing chronic HD treatment with 
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An experienced angiologist diagnosed AVF thrombosis 
following a standard diagnostic protocol for vascular ac-
cess evaluation.

between 20 and 65 years, diagnosis of end-stage re-
nal disease, maintenance HD treatment for at least six 

-
cess with available complete clinical and laboratory data.

Exclusion criteria included: HD duration shorter than six 
months, previous history of thrombotic vascular events 
before initiation of dialysis, malignant diseases, active 

-

levels < 20 g/L. 

-

study period. All patients who met the inclusion criteria 
-

group was formed from eligible patients without throm-
botic complications treated in the same dialysis unit us-
ing consecutive sampling from the same population and 

of the Helsinki Declaration regarding patients’ rights in 
biomedical research. Patients’ identities and all personal 
data were safeguarded permanently in compliance with 

-
tion, which was utilized in the statistical analysis.

Biochemical and hematological analyses

All biochemical and hematological analyses were 
conducted in the Clinical Chemistry and Biochemistry 
Laboratory, Clinical Center, University of Sarajevo. A 
venous blood sample was collected during thrombo-

undergoing chronic HD treatment with clinically con-
-

blood sample was obtained as part of their monthly 
routine analysis. Venipuncture was performed fol-
lowing a minimum 12-hour fast in the morning hours 

parameters was venous blood collected in a Vacu-

was analyzed within two hours of venipuncture on a 
Cell Dyn 3700 hematology analyzer (Abbott, USA).

-

calculated automatically from the measured plate-
lets. Other hematological parameters were deter-
mined by red blood cell count (impedance method), 
white blood cell count (optical method), hematocrit 
(Hct) (calculated automatically from the measured 
red blood cell count), and hemoglobin concentration 
(Hgb) (spectrophotometric method).

Patient samples for biochemical parameters were col-
lected in Vacutainer serum separator tubes (Becton 
Dickinson, Rutherford, NJ, USA) in a volume of 3.5 mL. 
Serum samples were obtained by centrifugation at 4,000 
rpm using a SIGMA 3-16P centrifuge (SIGMA Laborzen-
trifugen GmbH, Osterode am Harz, Germany).

Ferritin was determined by chemiluminescent mic-
roparticle immunochemical method on the Architect 
ci 8200 analyzer (Abbott System, USA). CRP was 
determined from a serum sample by the immuno-

-

proteins and albumin were determined by the spec-

analyzer (Siemens Healthcare Diagnostics, USA). 
Globulins were calculated using the following formu-
la: Globulins = total proteins-albumin.

Statistical analysis

Descriptive statistical analysis results are presented 
with either mean ± standard deviation (SD) or me-
dian with interquartile range (IQR), depending on the 
normality of the data distribution. Categorical vari-
ables are displayed as the number of cases (n) and 

assessed using either an independent Student’s 

demonstrated using Pearson or Spearman correla-

(ROC) curves and their corresponding areas under 
the curve (AUC) were utilized to assess the clinical 

-

using the SPSS statistical software package (SPSS, 
Statistical Package for Social Science Inc., Chicago, 
IL, USA – version 19.0 for Windows).

RESULTS

-

-
sis and the control group without thrombotic compli-
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 Baseline characteristics of the hemodialysis 

Variables AVF-T group
(n = 34)

AVF-nonT group
(n = 66)

Sig.

Female (n/%)
Male (n/%)
Age (years)
Etiology

Vascular events (n/%)
Other (n/%)

Results are presented as: mean ± SD, or percentages (%); n – num-

= 0.328) and etiology of thrombosis (p = 0.78) be-

thrombosis and those receiving chronic HD treatment 

-
-

bin, hematocrit, white blood cell count, CRP, ferritin, 
total protein, albumin, globulin) between HD patients 

-

Table 2. -

Variables
AVF-T group

(n = 34)
AVF-nonT group

(n = 66)
Sig.

Results are presented as: mean ± SD, or median with interquartile 
range (25-75 percentile), percentages (%); n – number of subjects; 

Serum albumin and globulin concentrations were 

-
-

spectively). 

lower, and the mean value of globulin level was sig-

were found in values of erythrocyte count, MCV, he-
moglobin concentration, hematocrit, white blood cell 
count, CRP concentration, ferritin,  and total protein 
levels.

Table 3. Comparison of platelet parameters between he-

Platelet  
parameters

AVF-T group
(n = 34)

AVF-nonT group
(n = 66)

Sig.

Results are presented as: mean ± SD, or median with interquartile 

-

probability.

-

thrombotic complications. In comparison, the aver-
age MPV value (8.5 ± 0.72 fL vs. 6.7 ± 0.52 fL) was 

-

-

-
cant (p = 0.061 and p = 0.059, respectively).

(rho = 0.408; p < 0.05), CRP (rho = 0.352; p < 0.05), 
total protein (rho = 0.525; p < 0.001), and serum glob-

of HD patients.

-

0.355; p = 0.039), CRP (rho = 0.40; p = 0.018), total 
protein (r = 0.499; p = 0.003), and serum globulin 
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cell count (r = 0.375; p = 0.002 and r = 0.435; p = 
0.000, respectively) and globulin level (r = 0.317; 
p = 0.010 and r = 0.358; p = 0.003, respectively) 

-
tients receiving chronic HD treatment with established 

HD treatment without thrombotic complications of AV 

-
dictive value 77.9%, and negative predictive value 

receiving chronic HD treatment with established AV 

-
tula exhibited excellent diagnostic accuracy (AUC = 

-
-

value of 97%, and negative predictive value of 98% 

DISCUSSION

Hemodialysis treatment for end-stage CKD relies on 
access to the bloodstream, typically via a native AV 

-

a higher prevalence in females (61.8%). In contrast, 

with the majority of cases occurring in males (71.4%). 

the patients were male (61.8%). Zhang et al. [7] and 
Chaung et al. [22] found a higher prevalence of AV 

predominate among patients with immature or non-

-
plications are believed to be more common in older 

-

Table 4. 
of hemodialysis patients

AVF-T group (n = 34)

Platelet parameters White blood cells count (109/L) CRP (mg/L) Total protein (g/L) Albumin (g/L) Globulin (g/L)

AVF-nonT group (n = 66)
Platelet parameters White blood cells count (109/L) CRP (mg/L) Total protein (g/L) Albumin (g/L) Globulin (g/L)

 
-

Table 5.

Optimalni  cut-off AUC (95% CI) SEN (%) SPE (%) PPV (%) NPV (%) Overall accurate Sig.

AVF-T group of patients vs AVF-nonT group of hemodialysis patients

-
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older (53.06±11.98 years vs. 50.59±11.84 years).

-
ence in etiological factors leading to end-stage CKD 

was predominant (52.9% vs. 48.5%), followed by vas-
cular (29.5% vs. 36.4%) and other etiologies (17.6% 

-

are typically diabetic nephropathy (42%), hypertension 
(25%), glomerular diseases (9%), and polycystic kid-
neys (2%), as reported in the literature [24]. 

-
ular and vascular alterations, including dysregulation 
of angiogenesis [25] and endothelial function, which 

Recent research by Gaydarski et al. conducted on 
rats explains the molecular basis of endothelial dys-

-
neys in hypertension, which may also explain the 
occurrence of vascular access thrombosis in HD. 
Namely, reduced activity of the apelin system and 
nitric oxide causes vasoconstriction and accelerates 

-
-

regulation of growth factors, such as vascular endo-
thelial growth factor (VEGF), prevents proper vein 
healing, creating a foundation for clot formation and 
ultimate thrombosis [26]. 

-
es (39.6%), hypertensive nephropathy (8.6%), diabetic 
nephropathy (6.9%), and polycystic kidney disease 

Aggarwal et al. demonstrate that markers of chronic 
kidney disease-mineral and bone disorder (CKD-
MBD) and left ventricular hypertrophy (LVH) serve 
as critical predictors of cardiovascular risk in patients 

-

particularly among patients presenting with LVH. 
While dysregulated mineral metabolism directly fa-

-
els further compromise endothelial function, thereby 
accelerating disease progression. Concurrently, left 
ventricular hypertrophy induces both systolic and dia-
stolic dysfunction along with systemic hypotension; 
this cardiac impairment diminishes the heart's capac-

stable vascular access [5].

-

stenosis risk and systemic hypotension establishes a 
-

sequent thrombosis.

All participants in the study were undergoing erythro-
poietin therapy. Some results show that erythropoi-

-
parison of red blood cell count, MCV, Hgb, and Hct 
values between the two groups did not yield a statis-

thrombosis group, patients exhibited slightly lower 
red blood cell count, Hgb, and Hct values, and higher 
MCV. Sakalli et al. [29] similarly found lower Hgb and 
Hct values in the thrombosis group, with higher MCV, 

Platelets, anucleated cells originating from mega-
karyocytes, are integral to various physiological 
and pathological processes, including hemostasis, 

-
tion, and atherosclerosis, defense mechanisms, and 

the pivotal role of platelets in the pathophysiology of 
atherothrombotic vascular diseases.

-
tula thrombosis is often found within the reference 
interval, even in cases of recurrent thrombosis [21, 
31]. Controversy arises when comparing this count 

-
tula thrombosis and healthy volunteers, as it can be 
decreased, increased, or even unchanged. 

-

-
ference compared to the non-thrombosis group. 

-

be attributed to increased consumption at the site of 
thrombus formation.

with platelet activity [34]. Elevated MPV indicates in-
creased platelet function, including aggregation and 
release of thromboxane A2, platelet factor 4, and 

0.0001) in the thrombosis group compared to the non-

al. [28], Sakalli et al. [29], and Lano et al. [33] observa-
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Ju Hye Young et al. [35] also found a negative cor-
relation between MPV and eGFR in ESRD patients, 
suggesting MPV increases with chronic renal insuf-

-

PDW, indicating variability in platelet size, may re-

of larger, more reactive young platelets in circulation 
-

bosis group were slightly higher than in the non-
-

and PDW values in patients with incomplete resolu-

independent risk factor for residual venous thrombo-

morphological changes, leading to larger, spherical 
platelets with pseudopod development [12]. 

Consequently, platelets with increased pseudopod 

PDW and MPV.

-
cluded that platelet indices alone could not directly 

correlation between MPV and PDW with optical ag-
gregometry test responses in healthy volunteers, 
suggesting that larger platelets do not necessarily 

noted observations of large and variably sized plate-
lets in clinical conditions like hemorrhage and myelo-
proliferative disorders without concurrent coagulation 
activation, indicating that platelet shape and volume 
can vary physiologically in healthy individuals.

Khandekar et al. [38] study is noteworthy as it found 
no change in platelet count and indices (MPV, PDW, 
and P-LCR) from the 1st to the 7th day in patients with 
unstable angina and myocardial infarction. However, 

the myocardial infarction and unstable angina group 
compared to those with stable coronary artery disease 
and healthy volunteers. Conversely, the myocardial in-
farction and unstable angina group had lower platelet 

-

-
ume, typically mirrors platelet count. In our study, the 

group aligns with the lower platelet count.

including leukocyte count, CRP, ferritin, total pro-
-

es were found between the two groups in leukocyte 
count, CRP concentration, ferritin, and total proteins. 

group compared to the non-thrombosis group. 

-

higher in the thrombosis group compared to the con-
trol group without thrombosis.

Lower albumin levels are recognized as a risk fac-
tor for ischemic heart disease and vascular access 
thrombosis in dialysis patients. Churchill et al. [40] 
found that individuals with serum albumin levels of 
30 g/L had a higher likelihood of requiring surgical 
correction for access thrombosis over 12 months 
among 347 HD patients. In patients with nephrotic 

correlation between hypoalbuminemia severity and 
thrombosis risk, indicating the need for heparin thera-
py. Foley et al. [42] showed that a 10 g/L decrease in 
albumin concentration in HD patients correlated with 
the development of ischemic heart disease and re-
current episodes. Hypoalbuminemia increases plate-
let aggregability and blood viscosity, contributing to 

on platelet aggregation in HD patients, hypoalbumin-
emia is associated with increased platelet aggrega-
bility, which can be mitigated by albumin infusion [45].

-

leukocyte count, CRP, total proteins, and globulins, 

total proteins, and globulins. Malindretos et al. [46] 
-

tween total leukocyte count and platelet count. Cyto-
kines like Interleukin-3 or Interleukin-6 can induce the 
production of larger, more reactive platelets, implying 

chronic HD patients, the positive correlation between 

leukocyte count, CRP, total proteins, albumins, and 
globulins is understandable.

In our investigation of platelet parameters' sensitivity 
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-
curacy. On the other hand, MPV exhibited excellent 
diagnostic accuracy, showing high sensitivity (97.1%), 

In the study by Kostovska et al., microalbuminuria, mea-
sured via the urinary microalbumin-to-creatinine ratio 
(UM/CR) as an early marker of kidney damage, dem-
onstrated relatively low sensitivity (41.5% for DN and 

53.1% for DN and 57.8% for HN, suggesting that mi-
croalbuminuria measured in this manner may not be a 

-

-
croalbuminuria versus MPV could be explained as 
follows: the determination of the urinary albumin-to-
creatinine ratio has inherent limitations, as albumin ex-

by factors such as physical activity, temperature, and 
infections. Furthermore, urinary creatinine excretion, 
as a byproduct of muscle metabolism, depends on the 
subject's muscle mass. In contrast, the determination 
of Mean Platelet Volume is not subject to such daily 
variability. An elevated MPV indicates larger, younger, 
and metabolically more active platelets that aggregate 
more easily and promote blood clotting. 

conclusions from our research is the wide range of 
MPV values observed in patients with thrombotic 

-
bovascular events in clinical practice remains un-
clear. Variability in sampling time, analysis method, 

measurement. Using citrate as an anticoagulant can 
lower MPV values, complicating study comparisons.

Study Limitations

-
sidered when interpreting the results. Primarily, this 
was an ambispective study including both retrospec-
tively collected and prospectively followed data, with a 
relatively small number of subjects with arteriovenous 

-

prospective studies with larger sample sizes are nec-
essary to obtain more relevant data. Additionally, since 
the platelet index data were retrieved from medical re-
cords, there is a lack of information regarding the pre-
cise pre-analytical time – the interval between blood 

analysis. It is well-established that prolonged storage 

of samples at room temperature causes platelet swell-
ing, which can lead to artifactually elevated MPV val-

subjects were on erythropoietin therapy, while the dos-
age and duration of this therapy were not included in 

the bone marrow, increases the number of young re-
ticulated platelets, and enhances their activation and 

of this therapy may modify the interpretation of the ob-
tained platelet parameters.

CONCLUSION

-
dergoing chronic HD treatment, noting that MPV has 

Based on the results of the conducted research, the 
research hypothesis asserting that patients undergo-

parameters can be accepted. However, further multi-
center studies involving a larger number of participants 
are necessary to ensure the applicability of the results.
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