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Background/Aims: Maintaining the patency of vascular access (VA) in hemodial-
ysis (HD) patients is important and can be life-saving. We investigated the effects
of aspirin resistance and mean platelet volume (MPV) on VA failure in HD pa-
tients.

Methods: We enrolled 163 patients on maintenance HD. VA failure was defined
as thrombosis or a decrease of > 50% of the normal vessel diameter, as revealed by
angiography.

Results: Aspirin resistance was observed in 17 of 109 patients in whom this pa-
rameter was measured, and was not significantly associated with VA failure (p =
0.051). The mean MPV was 9.15 + 0.05 fL. The 163 patients were grouped by the
median MPV value (9.08 fL) at baseline; patients with higher MPVs (n = 82) had
lower platelet counts (p = 0.002) and albumin levels (p = 0.009). During 34 months
of follow-up, 65 VA failures (39.9%) occurred. The Kaplan-Meier curve revealed
significant differences between the two groups in terms of cumulative VA failure
(54.1% vs. 35.3%, p = 0.018). On multivariate analysis, the MPV (hazard ratio [HR],
1.794; 95% confidence interval [CI], 1.066 to 3.020; p = 0.028), platelet count (HR,
1.003; 95% CI, 1.001 t0 1.006; p = 0.01), and smoking status (HR, 1.894; 95% CI, 1.019
t0 3.519; p = 0.043) independently predicted VA failure.

Conclusions: A high MPV was associated with an increased risk of VA failure,
whereas aspirin resistance showed only a weak association. The MPV may predict
VA survival in HD patients.

Keywords: Mean platelet volume; Aspirin resistance; Renal dialysis; Vascular ac-
cess

INTRODUCTION

Vascular access (VA) failure is a major problem in dialy-

Copyright © 2019 The Korean Association of Internal Medicine
This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/
by-nc/4.0/) which permits unrestricted noncommercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

sis patients and maintenance of vascular patency can be
life-saving. Recently, both the costs of, and morbidity
associated with, management of VA failure in hemodi-
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alysis (HD) patients has increased [1]. The main cause of
VA failure is outflow venous stenosis caused by vascular
intimal hyperplasia and thrombosis, in turn triggered
by platelet activation, endothelial cell injury, and vascu-
lar smooth muscle cell proliferation [2,3]. Antiplatelet
therapy has been suggested to prevent VA failure [4].
However, the effectiveness of aspirin remains contro-
versial [5-7]. Aspirin resistance is a well-known feature
of patients with chronic renal failure, especially those
requiring dialysis [8]. Thus, aspirin ineffectiveness may
reflect aspirin resistance.

The mean platelet volume (MPV) is a known marker
of atherosclerotic disease, as revealed in several epide-
miological studies [9-12]. The MPV is an independent
risk factor for myocardial infarction [13]. Atherosclerosis
and coronary heart disease are very common in patients
with end-stage renal disease (ESRD) [14,15]. Therefore,
the MPV may be associated with cardiovascular disease
in HD patients; in such patients, the MPV may be more
affected by changes in extracellular fluid volume and
composition than is the case in the general population.
A relationship between the MPV and platelet aggrega-
bility may explain the association of MPV with coronary
heart disease [16,17]. Previous studies showed that large
platelets were more reactive than small platelets [18];
thus, a high MPV may be associated with VA failure.
However, few studies on the effect of MPV on VA paten-
cy in HD patients have appeared. We thus investigated
the effects of aspirin resistance (where aspirin serves as
an antiplatelet agent) and the MVP (an indicator of
platelet activation) on VA failure in HD patients.

METHODS

Study population

A total of 163 patients, with ESRD undergoing HD at
Chuncheon and Kangnam Sacred Heart Hospital
during January 2011, were included. All patients were >
18 years of age, and had undergone HD two or three
times weekly for > 3 months via an arteriovenous fistula
(AVE) or arteriovenous graft (AVG). The exclusion crite-
ria were: active bleeding or bleeding requiring transfu-
sion within the prior 4 weeks, disseminated intravascu-
lar coagulation, any cardiovascular or cerebrovascular
event within the past 4 weeks, any critical illness requir-
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ing an intensive care unit stay, and the use of perma-
nent or temporary HD catheters. The study complied
with all relevant tenets of the Declaration of Helsinki
and was approved by our Institutional Ethics Commit-
tee (Institutional Review Board, IRB approval no. 2009-
10-74). Written informed consent was obtained from all
patients.

Data collection

We recorded age, sex, body mass index, smoking status,
duration of dialysis, comorbidities, any previous history
of cardiovascular disease and/or VA failure, and current
medication use, including antiplatelet agents. We col-
lected dialysis records and the following biochemical
data: complete blood cell count; blood urea nitrogen
level; and the levels of serum creatinine, albumin, calci-
um, phosphorus, uric acid, intact parathyroid hormone,
calcidiol, lipids, hemoglobin Aic, and C-reactive pro-
tein. Predialysis arterial blood samples were also ob-
tained. Complete blood cell counts were measured us-
ing an ADVIA 2120 instrument (Bayer Health Care
Diagnostic, Tarrytown, NY, USA). To evaluate aspirin
resistance, antiplatelet effects were assessed using a
VerifyNow device (Accumetrics, San Diego, CA, USA).
Aspirin resistance was defined as an aspirin resistance
unit (ARU) score > 550. VA failure was defined as throm-
bosis or a decrease > 50% in the normal vessel diameter
and = 50% in the luminal diameter on angiography, ac-
companied by abnormal clinical findings.

Statistics

Continuous variables are presented as means with stan-
dard deviations and categorical variables as numbers
with percentages. Continuous variables were compared
using the independent samples t test or the Wilcoxon
rank-sum test. Categorical variables were compared us-
ing the Pearson chi-square test. Survival curves were
plotted using the Kaplan-Meier method. Univariate
and multivariate Cox’s proportional hazard models
were employed to determine the relationships between
clinical and biochemical variables, and VA failure. All
calculations were performed using SPSS software ver-
sion 18.0 (SPSS Inc., Chicago, IL, USA) and a p < 0.05 was
considered significant.
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RESULTS

Baseline characteristics

The 163 subjects were divided into two groups by the
median MPV (9.08 fL). Demographic, clinical, and bio-
chemical characteristics are listed in Table 1. The mean
patient age was 57.6 + 12.0 years and 79 (48.5%) were
male; 87 (53.4%) had diabetes mellitus and the mean di-
alysis duration was 50.1 + 52.1 months. Higher MPVs
were more common in males with lower platelet counts
(PCs). Lower albumin, total cholesterol, and low density
lipoprotein cholesterol levels were seen in those with
higher versus lower MPVs. The MPV/platelet ratio was
higher in the higher MPV group (4.6 + 1.5 vs. 6.7 3.2, p
< 0.001).

Aspirin resistance was observed in 17 of 109 patients
(15.6%) for whom these data were available. We divided
all patients into two groups by aspirin resistance status
(Table 2); the groups did not differ significantly in de-
mographic characteristics.

Clinical outcomes

Ove a follow-up period of 34 months, 65 VA failures oc-
curred, of which 41 were in aspirin-resistant patients.
Fig. 1 shows the Kaplan-Meier curves for VA failures by
aspirin-resistance status. The two groups did not differ
significantly in terms of the cumulative VA failure rate
(57% vs. 38.2%, log-rank test, p = 0.051). Fig. 2 shows Ka-
plan-Meier curves for VA failure by MPV status. A high
MPV was associated with a high cumulative VA failure
rate (54.1% vs. 35.3%, p = 0.018).

Cox’s proportional hazard models were used to de-
fine factors predictive of VA failure (Table 3). On uni-
variate analysis, the serum albumin level (hazard ratio
[HR], 0.470; 95% confidence interval [CI], 0.260 to 0.851;
p = 0.013) and the MPV (HR, 1.800; 95% CI, 1.092 to
2.969; p = 0.021) were significantly associated with VA
failure. PC (HR, 1.003; 95% CI, 1.001 t0 1.006; p = 0.069)
and smoking status (HR, 1.836; 95% CI, 0.903 to 3.380; p
= 0.051) were weakly and non-significantly associated.
The use of antiplatelet agents was not significantly as-
sociated with failure (HR, 1.441; 95% CI, 0.658 to 3.158; p
= 0.361). Aspirin resistance (measured in only 109 pa-
tients) was weakly associated with VA failure (HR, 2.043;
95% CI, 0.973 to 4.291; p = 0.059). On multivariate analy-
sis, the MPV (HR, 1.794; 95% CI, 1.066 to 3.020; p =
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0.028), PC (HR, 1.003; 95% CI, 1.001 to 1.006; p = 0.01),
and smoking (HR, 1.894; 95% CI, 1.019 t0 3.519; p = 0.043)
independently predicted VA failure. When the data
were re-analyzed by access type, MVP was not associat-
ed with VA failure in the AVG group (HR, 2.245; 95% CI,
0.689 to 7.312; p =0.180). However, this group contained
only 22 patients.

DISCUSSION

VA is essential for HD patients. Vascular intimal hyper-
plasia and thrombosis are the main causes of VA fail-
ure, triggered by platelet activation, endothelial cell in-
jury, and vascular smooth muscle cell proliferation [19-
21]. Low-dose aspirin did not maintain AVF patency or
prevent AVF failure in a previous study [22,23]. Aspirin
resistance is a well-known cause of treatment failure in
patients with peripheral vascular and cardiovascular
disease [24-26]. Li et al. [27] found that aspirin resistance
was associated with a 2.4-fold greater risk of major ad-
verse cardiovascular events in patients with coronary
heart disease who complied well with aspirin therapy.
Kim et al. [28] reported increased aspirin resistance
(20%) in Korean ESRD patients on both HD and perito-
neal dialysis. Although the relationship between aspirin
resistance and VA failure was not examined, the inci-
dence of thrombotic cardiovascular complications was
much higher in nine of 12 (75%) aspirin-resistant pa-
tients than in 18 of 47 (38%) aspirin-sensitive pa-
tients [28]; thus, aspirin resistance may explain failure
of AVF patency. In this study, 15.6% of patients exhibit-
ed aspirin resistance that was only weakly associated
with VA failure. This is the first report to explore this
relationship and more work is needed.

The MPYV is associated with cardiovascular disease
risk. Sansanayudh et al. [29] reported that an increased
MPV was an independent risk factor in patients with
coronary heart disease. Varol and Ozaydin [30] reported
that the MPV was elevated in patients with chronic re-
nal failure. Henning et al. [31] found that the MPV was
associated with coronary heart disease in HD patients.
We found that the MPV independently predicted VA
failure in HD patients (on both low-dose or no aspirin);
as aspirin does not affect the MPV, it would have had
no impact on this result [32]. We also found that a high
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Table 1. Baseline characteristics according to mean platelet volume

Characteristic MPV (< 9.08 fL) (n = 81) MPV (= 9.08 fL) (n = 82) p value
Age, yr 56.5+11.8 58.6 +12.1 0.257
Male sex 33 (40.7) 46 (56.1) 0.049
BMI, kg/m* 22335 22%3.2 0.765
Diabetes mellitus 43(53-2) 44 (53.7) 0.942
Predialysis SBP, mmHg 147.5 £16.3 151 £17.6 0.192
Predialysis DBP, mmHg 83+7.7 83.4 +10.2 0.919
Coronary heart disease 25 (30.9) 24(29.3) 0.824
Cerebral vascular disease 17 (21.3) 23 (28.1) 02315
Previous vascular failure 25(30.9) 35(42.7) 0.118
Hemodialysis vintage, mon 46.4 £ 483 53.7 £55.6 0.593
UFR, mL/min 2.5+0.9 2.7+1.0 0.216
Smoking 10 (12.4) 14 (17.1) 0.394
WBC, x 103/uL 6.4+17 6.1+2.0 0.130
Hemoglobin, g/dL 103+ 0.7 10.2 £ 0.9 0.366
Hematocrit, % 31.3+2.1 31+3.0 0.572
Platelet, x 103/uL 204.4 £59.7 171.2 £76.8 0.002
Calcium, mg/dL 83+0.8 8.2+ 07 0316
Phsphorus, mg/dL 4.9+1.0 4.8+1.2 0.507
Ca x P product, mg?/dL? 41.1+103 39.7+11.4 0.455
25(0OH) vitamin D, ng/mL 11.4 £ 7.6 11.2 £5.8 0.494
Intact PTH, pg/mL 223.3+168.4 211.4 +195.6 0.355
Uric acid, mg/dL 6.4+1.1 63+1.2 0.297
BUN, mg/dL 43.8 £11.7 46.5 £ 14.2 0372
Creatinine, mg/dL 6.6 £2.0 6.9 £2.0 0.299
Protein, g/dL 6.6+0.4 6.4+0.7 0.093
Albumin, g/dL 3.9+ 03 3.8+0.4 0.009
Total cholesterol, mg/dL 148 +£27.8 133.5 +30.0 0.002
Triglyceride, mg/dL 127.6 £ 90.0 115.6 £ 99.2 0.084
HDL-C, mg/dL 39.7+10.4 40 £11.6 0.825
LDL-C, mg/dL 81.1+24 71.8 £ 217 0.010
Hemoglobin A1c, % 7.0+15 71+13 0.490
CRP, mg/L 20.6 £27.1 20.8+£30.5 0.786
MPV/platelet ratio (MPV x 100 | PC) 4.6+15 6.7%3.2 <0.001
Aspirin 70 (86.4) 62 (75.6) 0.079
Clopidogrel 10 (12.3) 9 (11) 0.785
Cilostazol 6(7.4) 7(8.5) 0.790
Warfarin 1(1.2) o 0.313

Values are presented as mean + SD or number (%).

MPV, mean platelet volume; BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; UFR, ultra-
filtration rate; WBC, white blood cell; Ca, calcium; P, phosphorus; 25(0OH) vitamin D, calcidiol; PTH, parathyroid hormone;
BUN, blood urea nitrogen; HDL-C, high density lipoprotein cholesterol; LDL-C, low density lipoprotein cholesterol; CRP,

C-reactive protein; PC, platelet count.
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Table 2. Baseline characteristics according to aspirin resistance

Characteristic Aspirin resistance (m=17)  Aspirin sensitive (n = 92) pvalue
Age, yr 59.3 £13.1 57.1+12.1 0.523
Male sex 9 (52.9) 40 (43.5) 0.472
BMI, kg/m* 223%33 22337 0.976
Diabetes mellitus 10 (58.8) 37(40.2) 0.157
Predialysis SBP, mmHg 148.8 £15.3 151.5 £ 17.5 0.524
Predialysis DBP, mmHg 82.8+7.2 84.1+10.2 0.539
Coronary heart disease 5(29.4) 30 (32.6) 0.794
Cerebral vascular disease 3(23.5) 20 (21.7) 0.871
Previous vascular failure 5(29.4) 33(35.9) 0.608
Hemodialysis vintage, mon 54.4 +55.5 47.7 £ 50.0 0.647
UFR, mL/min 27+1.1 2.7+1.0 0.980
Smoking 4(23.5) 11(12.0) 0.232
WBC, x 103/uL 6.2+1.9 6.4%1.9 0.673
Hemoglobin, g/dL 103+ 0.9 103+ 0.8 0.891
Hematocrit, % 31.0+2.8 31.1+2.6 0.893
Platelet, x 103/uL 204.4 *59.7 171.2 £ 76.8 0.332
Calcium, mg/dL 8.0+0.8 83+0.8 0.141
Phsphorus, mg/dL 4.6+0.8 4.9+1.1 0.160
Ca x P product, mg?/dL> 37.1+7.8 41.5+11.9 0.060
25(0OH) vitamin D, ng/mL 12.2 £ 6.2 103+ 6.5 0.262
Intact PTH, pg/mL 154.0 £122.4 204.5+184.7 0.163
Uric acid, mg/dL 6.8+15 63+1.1 0.188
BUN, mg/dL 43.2+13.8 45.2+13.8 0.578
Creatinine, mg/dL 6.1+2.0 6.7+2.0 0333
Protein, g/dL 6.4+ 045 6.5+ 0.7 0.435
Albumin, g/dL 3.0+ 03 3.8+0.4 0.860
Total cholesterol, mg/dL 143.0 £ 41.2 1443 +28.9 0.898
Triglyceride, mg/dL 132.4 £79.1 123.2 + 88.9 0.670
HDL-C, mg/dL 42.2+9.1 39.1+11.4 0.227
LDL-C, mg/dL 81.1+25.8 77.9 £ 22.4 0.633
Hemoglobin A1c, % 6.8+1.1 7.2 %15 0326
CRP, mg/L 46.5 % 47.6 18.4 +25.8 0.202

Values are presented as mean + SD or number (%).

BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; UFR, ultrafiltration rate; WBC, white blood
cell; Ca, calcium; P, phosphorus; 25(OH) vitamin D, calcidiol; PTH, parathyroid hormone; BUN, blood urea nitrogen; HDL-C,
high density lipoprotein cholesterol; LDL-C, low density lipoprotein cholesterol; CRP, C-reactive protein.

PC was associated with VA failure. An earlier epidemio-
logical study reported that a high PC was associated with
cardiovascular disease [33]. We found that the high-MPV
group had a lower PC than the low-MPV group, reflect-

1308 www.kjim.org

ing the inverse relationship between MPV and platelet
number [34]. Smoking was independently associated with
VA failure, as also found in previous studies [35,36].

MPV reduction may prevent VA failure and stenosis.
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Figure 2. Kaplan-Meier curves for vascular access failure ac-
cording to mean platelet volume (MPV) (p = 0.018).

Months

Figure 1. Kaplan-Meier curves for vascular access failure ac-
cording to aspirin resistance (p = 0.051).

Table 3. Univariate and multivariate cox proportional hazard models for vascular access failure

Univariate analysis Multivariate analysis

Variable

HR 95% CI pvalue HR 95% CI pvalue
Age, [yr 1.005 0.984-1.026 0.651
Male (vs. female) 1.470 0.901-2.399 0.123
BMI, [kg/m? 1.018 0.945-1.097 0.630
DM (vs. no) 1.489 0.903—2.455 0.119
Smoker (vs. no) 1.836 0.997-3.380 0.051 1.894 1.019-3.519 0.043
Platelet, /103/pL 1.003 1.000-1.006 0.069 1.003 1.001-1.006 0.010
Albumin, /g/dL 0.470 0.260-0.851 0.013 0.582 0.310-1.094 0.093
Cholesterol, /mg/dL 0.998 0.990-1.006 0.629
LDL-C, /mg/dL 1.000 0.989-1.010 0.954
Previous VA failure (vs. no) 1368 0.835-2.242 0.214
Aspirin resistance?® (vs. no) 2.043 0.973—4.291 0.059
Antiplatelet agent (vs. no) 1.441 0.658—-3.158 0.361
MPV (vs. < 9.08 fL) 1.800 1.092-2.969 0.021 1.794 1.066-3.020 0.028
MPV/platelet ratio 0.945 0.853-1.048 0.285

HR, hazard ratio; CI, confidence interval; BMI, body mass index; DM, diabetes mellitus; LDL-C, low density lipoprotein cho-
lesterol; VA, vascular access; MPV, mean platelet volume.
%109 patients were included.

Yazici et al. [37] reported that lifestyle modifications re-
duced the MPV in pre-hypertensive patients. As the
MPV is affected by low-dose aspirin, such treatment

https://doi.org/10.3904/kjim.2018.111

does not reduce the MPV, in line with the findings that
aspirin did not maintain AVF patency or prevent AVF
failure. Lee et al. [38] found that statin/ezetimibe combi-
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nation therapy reduced the MPV more so than did sta-
tin monotherapy alone. A high MVP was associated with
diabetes, especially the HbAic level, and strict blood
sugar control reduced the MVP [37-39]. Both the MPV
per se and the MPV/platelet ratio were associated with
cardiovascular disease [40]. Recently. Shin et al. [41]
found that an increase in the MPV/platelet ratio over 3
months was associated with VA failure in HD patients.
As the MPV and platelet numbers are inversely related,
a higher MPV/platelet ratio should independently pre-
dict VA failure. Indeed, the MPV/platelet ratio was high-
er in the high than the low MPV group of the present
study. However, the ratio did not affect the AVF patency
rate in either univariate or multivariate analysis; other
factors may be involved. In the cited work, the MPV and
platelet were not inversely related and neither inde-
pendently predicted VA failure. Further study is needed.

Our study had several limitations. First, we measured
the MPV and platelet only once, before any VA event.
Longitudinal variations in these parameters may affect
VA failure. Second, this was a single-center study. Third,
we collected blood into ethylenediaminetetraacetic acid
(EDTA) tubes, perhaps associated with platelet swelling.
However, all analyses were performed within 30 min-
utes of sampling to minimize laboratory errors.

In conclusion, we found that an increase in the MPV
independently predicted VA failure in HD patients. As-
pirin resistance was only weakly associated with VA
failure. MPV reduction might help prevent VA failure;
further study is needed to validate this.

KEY MESSAGE

1. High mean platelet volume (MPV) was an inde-
pendent risk factor for vascular access failure in
hemodialysis patients.

2. Aspirin resistance showed a weak relationship
with vascular access failure

3. High MVP is regarded as a potential marker for
prediction of vascular access survival in hemo-
dialysis patients.
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