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Purpose: The platelet distribution width (PDW) reflects the status of platelet activity and may
be useful for early predictions of the clinical outcome of stroke patients. The purpose of the
study was to determine the associations between PDW and clinical outcomes after intravenous
thrombolysis in stroke patients.

Patients and methods: Acute ischemic stroke patients who received intravenous treatment
with recombinant tissue-type plasminogen activator were selected for inclusion in the retrospec-
tive cohort of this study. The relations between PDW at admission and clinical outcomes were
analyzed, including a poor outcome as assessed using the modified Rankin Scale at 3 months,
early neurological improvement, and any hemorrhage. The effect of PDW at admission on a
poor outcome at 3 months was analyzed using a multivariable logistic regression model with
adjustment for potential confounders. The optimal PDW cutoff for predicting poor outcome at
3 months was determined by analyzing the receiver operating characteristics curve.

Results: PDW was significantly higher for a good outcome than a poor outcome (p=0.005),
with median (interquartile range) values of 16.2 (13.2—17.2) and 13.6 (12.5-15.9), respectively.
PDW was also higher in patients with early neurological improvement than in patients without
improvement (p=0.020) and did not differ between hemorrhage and nonhemorrhage patients.
The association between PDW <16.05% and poor outcome remained in a multivariable logistic
regression analysis, with an OR of 6.68 and a 95% CI of 1.69-26.49 (p=0.007).
Conclusion: Results suggest a novel hypothesis that a lower PDW may be related with a poor
outcome at 3 months after intravenous thrombolysis in acute ischemic stroke patients.
Keywords: acute ischemic stroke, platelet distribution width, intravenous thrombolysis,
prognosis

Introduction

Intravenous thrombolysis with recombinant tissue-type plasminogen activator (r-tPA)
has been approved as a reperfusion therapy for acute ischemic stroke (AIS) patients
by the US Food and Drug Administration for the past 20 years.! While mechanical
thrombectomy has been considered a suitable therapy for AIS patients with large-vessel
occlusion in whom treatment can be initiated within 6 h of symptom onset, rapid r-tPA
administration is still considered the mainstay early therapy for AIS patients.?> AIS
patients benefit from the effectiveness of timely restoration of blood flow achieved
by r-tPA treatment, but potential limitations accompanying r-tPA have also received
attention, such as a narrow time window, higher risks of intracerebral hemorrhage
and other complications, lower recanalization rates, and numerous patients having
contradictions for r-tPA.* Predicting the prognostic outcome of intravenous r-tPA
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treatment at admission is crucial so that clinicians understand
when intravenous r-tPA treatment is appropriate and how to
improve the prognosis after AIS.

Platelets participate the process of coagulation, inflam-
mation, thrombosis, and atherosclerosis, which are activated
in the early thromboembolic phase of ischemic stroke.**
Activated platelets will release thromboxane A2 and high
expression of glycoprotein Ib and glycoprotein IIb/I11a recep-
tors, which contribute to thrombosis and stroke.>® Several
investigators found that both mean platelet volume (MPV)
and platelet distribution width (PDW) were indicators of
platelet activation.”* The PDW represents the heterogeneity
of platelet size,** with an elevated PDW indicating a patient
still having activation of platelets.*>"1® Furthermore, PDW
is a more direct marker to represent platelet reactivity than
MPV.? Studies have already confirmed the association
between MPV and stroke outcome.!'!* Nevertheless, pre-
vious studies of thromboembolic diseases have generally
neglected PDW as a platelet index in comparison with MPV.#
No previous study has explored the association between PDW
and the prognosis of stroke after intravenous thrombolysis.
Therefore, the objectives of the current study were to deter-
mine 1) the relationship between PDW at admission and a
poor outcome at 3 months after intravenous thrombolysis in
AIS patients and 2) if PDW is correlated with other clinical
outcomes, such as early neurological improvement (ENI),
symptomatic intracerebral hemorrhage (sICH), and extracra-
nial hemorrhage.

Patient and methods

Patients

All of the AIS patients included in this retrospective study
visited the Department of Neurology at the First Affiliated
Hospital of Xi’an Jiaotong University between May 2013
and October 2016. The following inclusion criteria were
applied: 1) diagnosed as ischemic stroke according to the
World Health Organization criteria and confirmed by brain
computed tomography or magnetic resonance imaging (MRI)
in the hospital and 2) received intravenous r-tPA treatment.
The exclusion criteria were 1) <18 years old, 2) >6 h from
symptom onset to treatment, 3) having received thrombolysis
therapy combined with mechanical thrombectomy, and
4) missing data for PDW at admission or functional outcome
at 3 months. Intravenous thrombolysis in our hospital was
conducted in accordance with international and institutional
guidelines.' Informed consent was not required due to the
retrospective design of the study, which was approved by the
ethics committee for medical research at the First Affiliated

Hospital of Xi’an Jiaotong University. Data were analyzed
anonymously in this study.

Baseline characteristics

Baseline information was collected for all patients, including
demographic data, vascular risk factors, time from symp-
tom onset to treatment, blood pressure, body temperature,
National Institutes of Health Stroke Scale (NIHSS) score at
admission, Glasgow Coma Scale score at admission, findings
of laboratory tests, the Trial of ORG 10172 in Acute Stroke
Treatment classification, and vessel occlusion site.

All blood samples were collected from patients upon
their arrival at hospital. Data from the first-time sample
were obtained if multiple sampling was performed within
24 h. All venous blood samples were tested in the Clinical
Laboratory at the First Affiliated Hospital of Xi’an Jiaotong
University. Laboratory values were determined using an
automatic biochemistry analyzer (BJ-G188, Hitachi Ltd.,
Tokyo, Japan).

Definitions

Hypertension was defined as a prior diagnosis, ongoing antihy-
pertensive medications, systolic blood pressure =140 mmHg,
or diastolic blood pressure =90 mmHg.*" Diabetes mellitus
(DM) was defined as a previous diagnosis of and receiving
treatment for DM, or fasting plasma glucose =7.0 mmol/L
(126 mg/dL).*® Hyperlipidemia was defined as total cho-
lesterol =6.22 mmol/L or triglycerides =2.26 mmol/L
or low-density lipoprotein cholesterol =4.14 mmol/L or
high-density lipoprotein cholesterol <1.04 mmol/L.'° Atrial
fibrillation was defined according to the self-reported history
or diagnosed on a standard 12-lead electrocardiogram.'”
Myocardial infarction was defined based on the self-reported
history.!” Coronary artery disease was defined by previous
onset of acute myocardial infarction or angina pectoris.'
Brain MRI was used to determine the vessel occlusion site
using an echo planar instrument operating at 3.0 or 1.5 T.
The stroke etiology was classified according to Trial of ORG
10172 in Acute Stroke Treatment criteria."

Outcomes

The primary outcome was the functional outcome as assessed
by the modified Rankin Scale (mRS) score at 3 months after
stroke (mRS score =0-2, good outcome; mRS =3-6, poor
outcome). The secondary outcomes included ENI, sICH,
other bleeding, death in hospital, and duration of hospitaliza-
tion. ENI was defined as an improvement in the NIHSS score
of =4 at 24 h compared with baseline.’ sSICH was defined
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as any intracranial hemorrhage indicated in brain imaging
within 24 h accompanied with an NIHSS score =4 points
higher than that at admission or the lowest score during the
first 7 days or hemorrhage causing death.?'~?* Other bleeding
referred to any extracranial hemorrhage within 24 h. The
recovery status after discharge was queried during a routine
follow-up, and the mRS score at 3 months was evaluated by
trained neurologists via the telephone.

Statistical analyses

Patients were stratified into 2 groups according to good and
poor outcomes at 3 months. Differences in basic character-
istics and clinical outcomes between these 2 groups were
compared using Student’s ¢-test or the Mann—Whitney U test
for continuous variables, and the Pearson j? test or Fisher’s
exact test for categorical variables. The Mann—Whitney
U test was used to detect differences in PDW according to
the clinical outcome.

A receiver operating characteristics (ROC) curve was
used to determine the optimal cutoff point for the continu-
ous PDW and to calculate the sensitivity and specificity for
the cutoff value in predicting a poor outcome at 3 months
after stroke. The optimal cutoff value was determined by
maximizing the Youden index. PDW was then transformed
into a dichotomous variable based of its optimal cutoff value.
Univariate and multivariable logistic regression models were
applied to identify the association between poor outcome
and PDW.

OR and 95% CI values were calculated after adjusting for
the following potential confounders in a multivariable logistic
regression model: age, NIHSS score at admission, and fast-
ing glucose at admission.'*?* A probability value of p<<0.05
was treated as statistically significant. All of the statistical
analyses were implemented using R software (version 3.3.1,
The R Foundation, Vienna, Austria).

Results

Eight of the 82 patients who met the inclusion criteria of
the study were excluded due to having received mechanical
thrombectomy combined with intravenous r-tPA or due to
their PDW values at admission being unknown. Therefore,
74 patients were finally enrolled in the study.

The baseline characteristics and clinical properties of
the study population are presented in Table 1. The age of
the study population was 62.1£12.6 years (mean * SD), and
47 patients (63.5%) were male. The outcome was poor in
34 (45.9%) of the 74 patients. The median PDW in the total
population was 14.7%, with an interquartile range (IQR)

of 12.7%—16.5%. Patients in the poor-outcome group were
significantly older and more likely to have atrial fibrillation
or DM than those in the good-outcome group (p<<0.05). The
NIHSS score and fasting glucose at admission were also
higher in patients with poor outcomes (p<<0.05). The Glas-
gow Coma Scale score at admission and PDW were lower in
the poor-outcome patients than in the good-outcome patients
(p<<0.05). None of the other clinical parameters differed
significantly between poor- and good-outcome patients.

The clinical outcomes in the 2 groups are listed in Table 2.
ENI was achieved within 24 h by 42.5% and 14.7% of those in
the good- and poor-outcome groups, respectively (p=0.009).
However, sICH, other bleeding, inhospital mortality, and
length of hospital stay did not differ between the 2 groups.

The variation in PDW with clinical outcome is presented
in Figure 1. Besides the evident difference in PDW between
good- and poor-outcome patients (median [IQR] =16.15
[13.20-17.20] versus 13.55 [12.40-15.93], p=0.005), PDW
also showed an increasing trend in patients with ENI com-
pared with those without ENI (16.3 [13.55-17.80] versus
13.9[12.60-16.20], p=0.020). However, PDW did not differ
between hemorrhage and nonhemorrhage patients (including
intracranial and extracranial bleeding).

ROC curve analysis was applied to evaluate the util-
ity of PDW in predicting a poor outcome. The Youden
index was maximal for a PDW cutoff of 16.05%, with
PDW <16.05% producing a sensitivity of 57.5% and a speci-
ficity 0of 79.4%. The area under the ROC curve was 0.689, with
95% CI1=0.568-0.809, while the positive predictive value was
61.4% and the negative predictive value was 90% (Figure 2).

The association between PDW <16.05% and a poor
outcome at 3 months was assessed using univariate and
multivariable logistic regression models. In the univariate
logistic regression model, the OR and 95% CI were 5.22 and
1.84-14.78, respectively (p=0.002). The results obtained in
the multivariable logistic regression analysis are listed in
Table 3. After adjusting for major confounders, there remained
an independent relationship between PDW <16.05% and a
worse outcome at 3 months (OR =6.68, 95% CI =1.69-26.49,
p=0.007). In addition, the baseline NIHSS score (OR =1.18,
95% CI=1.03-1.34, p=0.015) and fasting glucose (OR =1.38,
95% CI=1.03-1.85, p=0.029) were also significantly related
to a poor outcome at 3 months.

Discussion

This retrospective cohort study evaluated the associations
between PDW at admission and different kinds of clinical
outcomes among AIS patients who received r-tPA therapy.
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Table | Baseline characteristics and clinical features of the patients

Characteristics Total population mRS0-2 mRS3-6 p-value
(n=74) (n=40) (n=34)
Demographic data
Age (years), mean (SD) 62.1 (12.6) 58.8 (13.1) 66 (11) 0.020
Male, n (%) 47 (63.5) 28 (70) 19 (55.9) 0.209
Vascular risk factors, n (%)
Current smoking 33 (44.6) 22 (55) I1(324) 0.051
Current alcohol drinking 17 (23.0) Il (27.5) 6(17.6) 0.315
Hypertension 60 (81.1) 31 (77.5) 29 (85.3) 0.394
DM 31 (41.8) 12 (30) 19 (55.9) 0.025
Hyperlipidemia 43 (58.1) 20 (50) 23 (67.6) 0.125
Myocardial infarction 34.1) I (2.5) 2 (5.9) 0.462
Atrial fibrillation 18 (24.3) 5(12.5) 13(382) 0.010
Coronary artery disease 15 (20.3) 5(12.5) 10 (29.4) 0.071
History of stroke 9 (12.2) 6 (15) 3(8.8) 0418
Parameters on admission
Systolic BP (mmHg), mean (SD) 148.4 (23.4) 145.7 (20.9) 151.7 (26) 0.422
Diastolic BP (mmHg), mean (SD) 85.0 (14.6) 86.3 (11.6) 83.5 (17.5) 0.280
Temperature (°C), median [IQR] 36.3 [36-36.5] 36.3 [36-36.6] 36.2 [36-36.5] 0.363
Onset to treatment time (h), median [IQR] 3.7 [3.54.5] 4 [3.3-4.5] 3.5 [3.5-4.5] 0.800
Initial NIHSS, median [IQR] 9 [5-13.2] 8.1 (4.7) 10.9 (5) 0.011
Initial GCS, median [IQR] 15 [11-15] I15[13-15] 14 [11-15] 0.030
TOAST classification, n (%) 0.404
Large artery atherosclerosis 46 (62.2) 23 (57.5) 23 (67.7)
Cardioembolism 16 (21.6) 8 (20) 8(23.5)
Small artery occlusion 9 (12.2) 6 (15.0) 3(8.8)
Undetermined 4(4.1) 3(7.5) 0(0)
Vessel occlusion site, n (%) 0.053
ICA 14 (18.9) 4 (10) 10 (29.4)
MCA 37 (50.0) 20 (50) 17 (50)
Others 23 31.1) 16 (40) 7 (20.6)
Laboratory test
Fasting glucose (mmol/L), median [IQR] 6.3 [5.0-8.2] 5.8 [4.5-6.9] 7.6 [6-9.1] 0.002
Platelet count (10?/L), mean (SD) 188.9 (51.8) 191.1 (51.2) 186.3 (53.1) 0.672
Leukocyte count (10%/L), median [IQR] 8.0 [6.5-10.0] 8.2 [6.6-10] 8 [6.4-10] 0.849
Neutrophil count (10%/L), median [IQR] 6.0 [4.5-8.1] 6 [4.7-7.7] 6.1 [4.2-8.2] 0.905
Lymphocyte count (10°/L), mean (SD) 1.5 (0.6) 1.5 (0.6) 1.4 (0.6) 0.526
MPV (fL), median [IQR] 11.4[10.7-12.6] I11.5[10.8-13] 11.3[10.7-11.9] 0.245
PDW (%), median [IQR] 14.7 [12.7-16.5] 16.2 [13.2-17.2] 13.6 [12.5-15.9] 0.005

Abbreviations: mRS, modified Rankin Scale; DM, diabetes mellitus; BP, blood pressure; IQR, interquartile range; NIHSS, the National Institute of Health Stroke Scale; GCS,
Glasgow Coma Scale; ICA, internal carotid artery; MCA, middle cerebral artery; MPV, mean platelet volume; PDWV, platelet distribution width; TOAST, Trial of ORG 10172
in Acute Stroke Treatment.

The results indicated that a lower PDW at admission The correlation of MPV with the risk or prognosis of
was associated with poor outcome at 3 months in AIS  stroke has been studied much more extensively than the effect
patients. The association remained after controlling potential ~ of PDW. The relation between MPV and stroke outcome
confounders. remains controversial. Two studies performed prior to 1995

Table 2 Clinical outcomes of patients after intravenous thrombolysis

Clinical outcomes Total population mRS0-2 mRS3-6 p-value
(n=74) (n=40) (n=34)

ENI within 24 h, n (%) 22 (29.7) 17 (42.5) 5(14.7) 0.009

sICH, n (%) I (14.9) 4 (10) 7 (20.6) 0.202

Other bleeding, n (%) 15 (20.3) 7(17.5) 8 (23.5) 0.572

Mortality in hospital, n (%) 34.1) 0(0) 3(8.8) 0.055

Length of hospital stay (days), median [IQR] 13 [9-16] Il [8.5-15] 13 [10-17] 0.059

Abbreviations: mRS, modified Rankin Scale; ENI, early neurological improvement; sICH, symptomatic intracerebral hemorrhage.
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found no relation, but 2 subsequent studies by Butterworth
and Bath'! and Greisenegger et al'?> found that an elevated
MPV was related to a worse outcome in AIS patients.
Moreover, Peng et al® reported that an elevated MPV was
related to a poor outcome in AIS patients after mechanical
thrombectomy.

There have been only 2 studies on the relation between
PDW and carotid artery lesions: one suggested that PDW was
a predictor of the severity of carotid artery plaques,” while
the other found that a higher PDW would increase the risk
of developing symptomatic carotid artery plaques.® Little
is known about the connection between PDW at admission
and stroke outcome after intravenous thrombolysis treat-
ment, although it has been confirmed that both MPV and
PDW increase during platelet activation.”?* MPV and PDW
provide different angiology information. Several studies
have suggested that PDW is a more sensitive marker of the
variability in platelet size and provides more comprehensive
information about platelet reactivity than does MPV.7:8:27.28
PDW may be influenced by increases in the size and number

100 -
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Figure 2 ROC curve of PDW in predicting a poor outcome of AlS patients.
Notes: AUC: 0.689 (95% CI 0.568-0.809); p=0.005.

Abbreviations: ROC, receiver operating characteristics; PDW, platelet distribution
width; AUC, area under the curve; AlS, acute ischemic stroke.

of platelets and by the presence of pseudopodia.’ The pres-
ent study identified an obvious difference in PDW between
poor- and good-outcome patients, but not in MPV. To the
best of our knowledge, the present study represents the first
investigation of the relationship between PDW and stroke
outcome after intravenous thrombolysis.

The mechanism underlying how PDW influences AIS
patients under intravenous thrombolysis is unclear. One
conceivable explanation is that PDW level may indicate
different types of thrombi. Elevated PDW may reflect that
a new thrombus is being formed with higher production of
larger active platelets,’® while lower PDW may suggest that
an old thrombus was previously formed. The activated plate-
lets aggregate around the fibrin matrix in the formation of the
structural framework of a blood clot. The reticular structure
of a new thrombus is looser than that in an old thrombus.
Therefore, intravenous thrombolysis with r-tPA may help
dissolving fibrin clots in a new thrombus easily compared
with an old thrombus. It can be inferred that patients who
have a new thrombus with higher PDW may respond better
to intravenous thrombolysis therapy and exhibit a better
recovery of neurological function.

Previous studies suggest that a high PDW indicates a
higher risk of adverse vascular events, whereas the current
study found a positive correlation between PDW and stroke
outcome. Possible explanations for this discrepancy are the
inclusion of different patients and different times of blood

Table 3 Multivariable logistic regression analysis for PDW of
outcome after stroke

Risk factors OR 95% ClI p-value
Age 1.04 0.98-1.10 0.198
Baseline NIHSS score 1.18 1.03—-1.34 0.015
Fasting glucose (mmol/L) 1.38 1.03—-1.85 0.029
PDW <16.05 (%) 6.68 1.69-26.49 0.007

Abbreviations: PDW, platelet distribution width; OR, odds ratio; Cl, confidence
interval; NIHSS, the National Institute of Health Stroke Scale.
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sampling. The population in this study was admitted to hospi-
tal within 6 h of stroke onset, and blood samples were drawn
promptly upon their arrival at hospital. In contrast, Koklu
et al’ obtained blood samples twice with a 15-day interval
before stroke onset in patients with carotid artery stenosis.
Physiological process may lead to variations of PDW over
time. The patients in the studies of Reddy et al® and Ulucan
et al* had acute coronary syndrome, and so their treatment
strategy may differ considerably from the thrombolytic
therapy used in the present study. Furthermore, blood samples
in the study of Ulucan et al® were taken within 24 h after the
onset of acute coronary syndrome, while the time when blood
samples were collected by Reddy et al® was unclear.

The present study was subject to some limitations. First,
the study had a retrospective cohort design, and data collec-
tion could not be preplanned or controlled in a strict manner.
Second, because of the relatively small number of patients
in the study, some significant confounding factors might not
have been included in the multivariable logistic regression
model. Third, the absence of any relationships between PDW
and other clinical outcomes (ENI, bleeding, or mortality) in
the multivariable analysis in this study might have been due
to too few patients experiencing these outcomes, thereby
reducing the statistical power. Finally, information about
the dynamic alteration of PDW during hospitalization was
not available. Future studies should focus on the changes in
PDW with time after thrombolytic therapy and how they are
related to clinical outcome in AIS patients.

Conclusion

The results obtained in this study suggest the new hypothesis
that PDW plays a positive role in influencing the functional
outcome of AIS after intravenous thrombolysis. An admitted
AIS patient should be closely monitored in order to deter-
mine whether to apply intravenous thrombolysis treatment.
A prospective study involving a larger number of patients is
needed to confirm the results obtained in this study.
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