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Abstract

Background: Previous studies reported that red cell distribution width (RDW) was related to acute ischemic stroke (AIS). Endovascular
treatment (EVT) still faces a huge challenge: futile recanalization. The goal of our study was to investigate the relationship between
futile recanalization and RDW in AIS patients receiving EVT. Methods: We retrospectively identified 188 AIS individuals with anterior
circulation occlusion throughout EVT and obtained complete or near-total recanalization. The subjects were classified into futile re-
canalization group by their 3-month modified Rankin scale (mRS) score >3. The predictive value of RDW was calculated using receiver
operating characteristic (ROC) curves, area under the curve (AUC) values, and logistic regression approaches. Results: One hundred
and eleven (59.0%) patients were defined as futile recanalization. The RDW was observed as an novel factor of futile recanalization in
the multivariate regression model ([OR, odd-ratio] = 5.233, 95% [CI, confidence interval] = 2.656—10.307; p < 0.001). According to the
ROC, the model integrating RDW with other risk factors had a relatively higher AUC compared than the RDW alone model (0.944 vs
0.798; p < 0.001) via DeLong’s test. Conclusions: Higher RDW is associated with poor functional outcome in anterior circulation AIS

patients undergoing EVT at 3 months.
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1. Introduction

Acute ischemic stroke (AIS) is a leading cause of dis-
ability and mortality worldwide [1]. Clinical trials have
proved that endovascular treatment (EVT) improves func-
tional outcomes for large arterial occlusion patients regard-
less of prior intravenous thrombolysis (IVT) [2—4]. The
patient’s prognosis with similar characteristics may differ
substantially. Indeed, futile recanalization, defined as poor
clinical outcome despite early recanalization of an occluded
artery, remains a significant challenge [5]. It could be as-
sociated to microvascular injury, poor collateral circulation
and brain autoregulation [6].

As the peripheral blood index, red cell distribution
width (RDW) is well-known to be a risk marker for ves-
sel wall injury and cardiovascular disease [7,8]. Increased
RDW correlates with increased risk for carotid atheroscle-
rosis, which in turn promotes the incidence of stroke [9].
High RDW was found to be related to unfavorable out-
comes in AIS patients [10]. So far, the relationship between
poor outcome and RDW in AIS patients through complete
recanalization remains unclear [11]. Therefore, this work
aims to study whether RDW could be a risk indicator for
futile recanalization in AIS patients following EVT.

2. Materials and Methods
2.1 Study Design

Between January 2018 and December 2021, we in-
vestigated 289 consecutive AIS patients treated with EVT
alone or IVT with EVT at Taizhou People’s Hospital. Af-
ter mechanical thrombectomy, the modified Thrombolysis
in Cerebral Infarction (mTICI) scores of 2b—3 were deter-
mined as recanalization [12]. A total of 211 patients were
included in our cohort.

Inclusion criteria for patients

(1) Occlusion of a major anterior circulation artery,
together with anterior cerebral artery (ACA), middle cere-
bral artery first segment (MCA M1), MCA second segment
(MCA M2), internal carotid artery (ICA), ICA terminus
(ICA-T), (2) Age over 18 years, (3) The pretreatment mod-
ified Rankin Scale (mRS) score of 0-2.

Exclusion criteria for patients

Patients were excluded who had an active internal
hemorrhage, hematologic diseases or active bleeding in-
dications, heart failure, cerebral aneurysm, recent cerebral
hemorrhage, and intracranial tumor. We also excluded par-
ticipants with insufficient clinical and follow-up informa-
tion.

Upon admission, laboratory data of patients were ac-
quired, including white blood cells (WBC), platelets (PLT),
red blood cells (RBC), and red cell distribution width
(RDW). Risk factors such as demographic characteristics,
history of stroke or transient ischemic attack (TTA), pre-
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existing comorbidities (such as diabetes, hyperlipidemia,
hypertension, atrial fibrillation, coronary heart disease) as
well as serum glucose and blood pressure were collected
at baseline while onset to recanalization time (OTR) were
documented at hospital records [13]. Using the Alberta
Stroke Program Early CT Score (ASPECTS) on head com-
puted tomographic angiography (CTA), the extension of
ischemic lesion was assessed [14]. The neurological im-
pairment proportion was estimated using the NIH Stroke
Scale (NIHSS) score [15]. According to the Trial of ORG
10172 in Acute Stroke Treatment (TOAST) classification,
subtypes of stroke were determined [16].

CT scans were examined during the hospitalization,
the therapy was changed if hemorrhagic transformation
(HT) was observed [17]. Through standardized telephone
surveys, the follow-up data was gathered.

According to the mRS score at 3 months after EVT,
the subjects were classified into the successful recanaliza-
tion group (good prognosis, mRS score 0-2) and the fu-
tile recanalization group (poor prognosis, mRS score 3—6)
[18,19].

This study was approved by our hospital’s ethics com-
mittee, and informed consent requirement was waived ow-
ing to the retrospective nature.

2.2 Statistical Analysis

The SPSS 21.0 (IBM Corp, Armonk, NY, USA) was
applied to analyze the statistical data in the present study,
and p < 0.05 was regarded as significant statistically. To
describe the normal distribution for continuous variables,
the means + standard deviation (SD) were utilized; and
were examined through ANOVA analysis. Non-normally
distributed continuous variables, on the other hand, were
reviewed through Mann—Whitney U-test and stated as me-
dian (interquartile range [IQR]). The chi-square test was ap-
plied for categorical variables comparison. Binary stepwise
logistic regression analysis was performed to find the in-
dependent predictors, which comprised variables with a p
< 0.05 in univariate analysis. The predictive value of the
models using RDW alone and RDW paired with additional
parameters was measured through receiver-operating char-
acteristic (ROC) curves. The area under the curve (AUC)
was used to calculate the optimum cut-off values. MedCalc
9.0 (MedCalc Software Ltd, Ostend, Belgium) was used for
comparisons of ROC curve AUC values.

3. Results

Following excluding 23 patients, the present work had
188 subjects (Fig. 1), with 70 median years old (IQR 60—
77), while 39.4% were female patients. The mean RDW
value was 13.0 £ 1.26. The median baseline NIHSS score
was 16 (IQR 10-19). Almost 51.9 % (86/188) had good
collateral flow (ASPECTS 8-10) to a certain degree [20].
The sites of obstruction including: ICA in 66 patients
(35.1%), ICA-T in 4 patients (2.1%), MCA M1 in 86 pa-

tients (45.7%), MCA M2 in 31 patients (16.5%), and ACA
in 1 patient (0.5%). Overall, 111 out of 188 (59.0%) pa-
tients finally had poor functional outcome at 3 months. All
patients’ clinical and baseline characteristics are given be-
low in Table 1.

patients meeting the inclusion
criteria: n=211

Excluded:
®  concomilan aneurysm and/or
arteriovenous malformation, n =8
intracranial tumor, n =7

Missing clinical/imaging/follow-up
data,n=13

Blood samples showed poor quality, n
=3

[Patiems finally included in the study: n ]
188

Fig. 1. Flowchart of inclusion and exclusion.

Age (p = 0.017), ASPECTS 8-10 (p < 0.001), the
NIHSS score (p < 0.001), and HT (»p < 0.001), as well
as the subtype of stroke (p = 0.012), were all substantially
different when comparing the two groups. In comparison
with the significant recanalization group, the futile recanal-
ization patients exhibited higher systolic blood pressure (p
=0.007), blood glucose (p =0.011), and RDW value (13.4
+ 1.33 vs 12.5 £ 0.72; p < 0.001). The OTR time was not
substantially associated with a 3-month futile recanalization
(» =0.591).

The binary logistic regression analyses included vari-
ables with a p < 0.05 in the univariate analysis, as shown in
Table 2. Systolic blood pressure (odds ratio (OR), 1.028;
95% confidence interval (CI), 1.008-1.049; p = 0.028),
hemorrhagic transformation (OR, 5.701; 95% CI, 1.991-
16.324; p = 0.001), NIHSS score (OR, 1.106; 95% CI,
1.017-1.203; p=0.019), ASPECTS 8-10 (OR, 0.045; 95%
CI, 0.016-0.128; p < 0.001) were all important risk factors.
The higher RDW (OR =5.233, 95% CI: 2.656-10.307, p <
0.001) patients, even after complete recanalization, there is
a considerably increased probability of a poor 3-month out-
come.

As shown with ROC analysis (Fig. 2), the RDW was
found as a respective predictor of futile recanalization, hav-
ing an AUC of 0.798 and an optimal cut-off value of 13.25
(specificity 87% and sensitivity 60%). Variables discov-
ered through regression analysis were incorporated into an
integrated model. The combined model had a significantly
higher AUC compared with the RDW alone model (0.944
vs 0.798; p < 0.001). Thus, it was more effective signifi-
cantly.
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Table 1. Detailed Baseline and Clinical Features of the Patients.

Variables Total (n=188) Futile Recanalization (n=111) Successful Recanalization (n="77) p value
Demographics
Age (median, IQR) 70 [60-77] 71 [64.5-77.5] 68 [52-75] 0.017
Females, n (%) 74 (39.4) 43 (38.7) 31(40.3) 0.834
Medical history
Current smoker, n (%) 34 (18.1) 16 (14.4) 18 (23.4) 0.116
Drinking, n (%) 28 (14.9) 15 (13.5) 13 (16.9) 0.523
Hypertension, n (%) 105 (55.9) 67 (60.4) 38 (49.4) 0.135
Diabetes mellitus, n (%) 30 (16.0) 20 (18.0) 10 (13.0) 0.354
Hyperlipidemia, n (%) 75 (39.9) 43 (38.7) 32 (41.6) 0.698
Coronary heart diseases, n (%) 20 (10.6) 13 (11.7) 7(9.1) 0.567
Atrial fibrillation, n (%) 99 (52.7) 62 (55.9) 37 (48.1) 0.292
Previous stroke or TIA, n (%) 31 (16.5) 19 (17.1) 12 (15.6) 0.781
Clinical assessment on admission
systolic blood pressure (mean, SD) 143 £23.4 146 + 23.81 140 £21.8 0.007
dyastolic blood pressure (mean, SD) 85+ 13.6 89 + 13.65 83+ 133 0.066
Glucose, mmol/L, median (IQR) 7.0 [6.4-8.1] 7.0 [6.6-9.2] 6.8 [5.8-7.6] 0.011
NIHSS SCORE, median (IQR) 16 [10-19] 16 [14-20] 12 [8-16] <0.001
ASPECTS 8-10, n (%) 80 (42.6) 19 (17.1) 61(79.2) <0.001
OTR time (min) (mean + SD) 420 +212.5 420 + 188.8 400 + 243.9 0.591
Occlusion site 0.131
ICA, n (%) 66 (35.1) 43 (38.7) 23 (29.9)
ICA-T, n (%) 4(2.1) 1(0.9) 3(3.9)
MCA M1, n (%) 86 (45.7) 53 (47.7) 33 (42.9)
MCA M2, n (%) 31 (16.5) 14 (12.6) 17 (22.1)
ACA, n (%) 1(0.5) 0(0.0) 1(1.3)
Stroke etiology 0.012
Atherosclerotic, n (%) 78 (41.4) 48 (43.2) 30(39.0)
Cardioembolic, n (%) 96 (51.2) 60 (54.1) 36 (46.8)
Undetermined or others, n (%) 14 (7.4) 327 11 (14.3)
Laboratory data
WBC (mean, SD) 8.20 £ 2.76 8.04 +2.96 8.32 +2.45 0.508
Neutrophils (mean, SD) 6.43 +2.85 6.62 +3.10 5.80 £ 2.40 0.179
Lymphocytes (mean, SD) 1.01 £ 0.84 0.85 +£0.71 1.19 £ 0.97 0.019
Monocytes (mean, SD) 0.39 +0.24 0.33 £0.24 0.41+£0.24 0.057
RBC (mean, SD) 441 4+ 0.69 434 +0.76 4.42 +0.58 0.579
PLT (mean, SD) 166.5 + 68.06 160.0 + 66.92 171.0 & 70.01 0.592
RDW (mean, SD) 13.0 +1.26 13.44+1.33 125+ 0.72 <0.001
Prior IVT, n (%) 0.669
YES 47 (25.0) 29 (26.1) 18 (23.4)
NO 141 (75.0) 82(73.9) 59 (76.6)
Hemorrhagic transformation, n (%) <0.001
YES 77 (41.0) 59 (53.2) 18 (23.4)
NO 111 (59.0) 52 (46.8) 59 (76.6)
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Table 2. Association between baseline characteristics and futile recanalization.

Variables OR 95% CI B8 p value
Systolic blood pressure 1.028 1.008-1.049 0.028 0.007
Hemorrhagic transformation ~ 5.701  1.991-16.324  1.741 0.001
RDW 5233  2.656-10.307 1.655  <0.001
NIHSS SCORE 1.106  1.017-1.203 0.101 0.019
ASPECTS 8-10 0.045  0.016-0.128  -3.104 <0.001
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Fig. 2. ROC curve of RDW-combined, without RDW and
RDW alone model.

4. Discussion

The clinical impact of EVT in treating AIS patients
has been documented; however, not all fully recanalized pa-
tients will be capable of achieving premorbid functionality.
Futile recanalization eventually brings physical disability as
well as broader pressure to stroke survivors. The prediction
of recanalization is pivotal to select patients prior to EVT. In
clinical settings, RDW is a readily available and easily as-
sessed blood parameter. Several studies have linked higher
RDW levels with ischemic stroke morbidity and mortality
[21-23]. In addition, recent investigations have revealed
the importance of RDW as a risk marker of long-term sur-
vival in AIS patients receiving IVT [24]. In our prior study,
we observed the association between RDW and the 1-year
prognosis of anterior circulation ischemic stroke patients
following EVT, yet, the respect to futile recanalization re-
mains unclear.

This retrospective observational research showed that
RDW could independently contributed to 3-month poor
outcome. The model integrating RDW with other risk
markers plays a significant role in determining unfavorable
functional outcome in AIS patients with successful recanal-
ization.

Different factors have been found to increase the
risk of the stroke prognosis such as hyperglycemia, ox-
idative stress, inflammation, or alterations in brain perfu-
sion [11,25]. Abnormal elevated RDW indicates the dam-

age of microcirculatory blood flow being implicated as
a key pathological feature of stroke [26]. This may ac-
count for its association with the severity of vascular le-
sions partially, which results in futile recanalization fol-
lowing EVT. The association of oxidation with RDW has
also been found in an animal model [27]. An imbalance
between anti-oxygen implicated in ischemic stroke lesions
and the oxygen-free radical production systems causes lipid
peroxidative damage [28]. The level of RDW was asso-
ciated with C-reactive protein (CRP) level in a large pop-
ulation study, suggesting RDW’s fundamental function in
increasing inflammatory stress [29]. In turn, inflammation
may influence erythrocyte deformability, erythrocyte circu-
latory half-life, and erythropoiesis, promoting anisocytosis
and increasing RDW level [30]. Interestingly, our study ob-
served no statistical difference in WBC counts between two
groups. The latent link of inflammation and oxidative stress
with RDW may explain the results.

Consistent with our results, RDW in the futile recanal-
ization group were significantly higher than in the success-
ful recanalization group. In addition, the logistic regression
analysis observed RDW as a risk indicator of poor progno-
sis in AIS patients following EVT. These findings support
the notion that inflammation plays a central contributor to
the stroke pathology and can influence the clinical progno-
sis [31].

According to ROC curves analysis, we found that the
admission RDW had a significant prognostic ability of poor
3-month outcome, having an AUC of 0.798 and the opti-
mal cut-off value of 13.25 (specificity 87% and sensitivity
60%). The primary novel creation was developing a model
that combined the RDW with other risk factors. The inte-
grated model outperformed the RDW-only model in terms
of predictive value. It could be helpful to take RDW value
into account during the preoperative evaluation.

This study was based on actual clinical practice, nev-
ertheless, it has also some limitations. The retrospective
single center data collection could have influenced the re-
sults, the discriminative value of RDW in terms of speci-
ficity and sensitivity was relatively low. Besides, no dy-
namic changes in RDW were seen, suggesting that the evo-
lution of RDW values over time rather than at a single time,
maybe more predictive of prognosis in patients after EVT.
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5. Conclusions

In this study, we demonstrated that RDW is an inde-
pendent indicator of futile recanalization in anterior circula-
tion AIS patients following EVT. Further prospective lon-
gitudinal multicenter trials should be performed to corrob-
orate these findings.
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