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Abstract
Background: The drug 3-n-butylphthalide (NBP) was developed and approved in 
China, where it has been used to treat ischemic cerebrovascular diseases. It is also 
considered to have a neuroprotective effect. This study aimed to evaluate whether 
NBP combined with endovascular treatment (EVT) can improve the clinical outcome 
and safety in patients with acute ischemic stroke (AIS) due to large vessel occlusion 
(LVO).
Methods: Data from three studies of patients treated with EVT for AIS due to LVO 
were combined in this study. Patients of LVO undergoing EVT were dichotomized 
into NBP and non-NBP subgroups. The primary efficacy outcome was the shift of 
the modified Rankin Scale (mRS) score at 90 days. The secondary efficacy outcome 
included favorable functional outcomes, functional independence, and excellent 
outcome (defined as an mRS score of 3 or less) at 90 days. Safety outcomes included 
mortality within 90 days and symptomatic intracranial hemorrhage (sICH) within 48 h.
Results: A total of 1820 patients undergoing EVT were included in this study; 628 
(37.5%) patients received NBP treatment, whereas 1138 (62.5%) did not. After 
adjusting for multiple factors, NBP was associated with the improvement of functional 
outcomes at 90 days (adjusted common odds ratio [OR]: 1.503; 95% confidence 
interval (CI): 1.254–1.801; p < 0.001). NBP was associated with a higher rate of 90-
day favorable outcomes (adjusted OR: 1.589; 95% CI: 1.251–2.020; p < 0.001) and a 
lower rate of 90-day mortality (adjusted OR: 0.486 [95% CI: 0.372–0.635]; p < 0.001). 
sICH occurred in 74 of 682 (10.9%) patients in the NBP group and 155 of 1126 (13.8%) 
patients in the non-NBP group; no statistical difference was detected (adjusted OR: 
0.787 [95% CI: 0.567–1.092]; p = 0.152).
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1  |  INTRODUC TION

Endovascular treatment (EVT) has made great progress in recent 
years as the first-line treatment for acute intracranial large vessel 
occlusion (LVO).1 Despite successful recanalization rates exceeding 
80%, many patients still experience clinical deterioration and tend 
to have a poor prognosis after successful reperfusion; a phenome-
non called futile recanalization (FR).2 A meta-analysis from five fa-
mous randomized controlled trials (EXTEND-IA, MR CLEAN, SWIFT 
PRIME, ESCAPE, and REVASCAT) found that the incidence of FR 
after EVT was 54%.3 Neuroprotective agents to protect the cere-
brum from secondary injury and minimize the incidence of disability 
have been the focus of stroke research. Unfortunately, almost all 
previous attempts at developing neuroprotectants for AIS have not 
shown clinical benefits.4,5

Numerous experimental studies have confirmed the effects of 
butylphthalide (NBP) in protecting mitochondrial function, improving 
microcirculation dysfunction, attenuating inflammatory responses, 
and reducing oxidative stress in stroke models.6–8 Since synthesized 
NBP (Dl-3-n-butylphthalide) was approved for the treatment of AIS 
in China in 2002, several studies have shown that NBP can reduce 
cerebral ischemic damage and improve functional outcomes of pa-
tients with AIS without EVT.9–11 However, the efficiency and safety 
of NBP combined with EVT in patients with LVO remain unclear.

Using a combined nationwide database from three studies, we 
aimed to evaluate whether NBP combined with EVT could improve 
functional outcomes in patients with LVO.

2  |  METHODS

2.1  |  Patient selection

Data from three EVT studies of patients with AIS due to LVO have 
included: the BASILAR study, which is a nationwide registry for 
acute basilar artery occlusion covering 47 stroke centers in China 
(http://www.chictr.org.cn，ChiCTR1800014759); the DEVT trial, 
which is a multicenter open-label randomized controlled trial with 
AIS due to anterior LVO from 33 stroke centers in China (http://
www.chictr.org.cn, ChiCTR-IOR-17013568); and a multicenter study 
on the safety and efficacy of intravascular therapy for AIS caused by 
LVO in China (http://www.chictr.org.cn, ChiCTR1800019538). The 
inclusion criteria were age ≥18 years, LVO of the posterior circulation 

or anterior circulation confirmed by head digital subtraction angi-
ography, magnetic resonance angiography (MRA), or computer to-
mography angiography (CTA), and receiving EVTs within 24 h of the 
estimated time of LVO. The exclusion criteria included premorbid 
modified Rankin Scale (mRS) of 3 or more, allergy to NBP, cerebral 
hemorrhage on presentation revealed by CTA or MRA, or missing 
data on NBP use, and severe liver/renal/heart/lung dysfunction.

2.2  |  NBP treatments

All patients received EVT, including intra-arterial therapy, medical 
treatment, balloon angioplasty, stenting, or combination therapy. 
Early application of NBP in patients after EVT was allowed. NBP 
was used at the discretion of the physician and started within 24 h of 
mechanical recanalization. If early NBP was administered, NBP so-
dium chloride injection (NMPA approval number: H20100041; CSPC 
Enbipu Pharmaceutical Corporation Ltd.) was administered intrave-
nously (standard: 100 ml, two times per day), slowly dripped over at 
least 50 min. The treatment was maintained for 14 days, and then 
NBP capsules (NMPA approval number: H20050299; CSPC Enbipu 
Pharmaceutical Corporation Ltd.) were orally administrated (stand-
ard: 100 mg*2, three times per day) from day 15 to day 90.

2.3  |  Data collection and assessment

Demographic information and baseline clinical characteristics of 
all eligible patients were extracted from the combined database, 
including age, sex, history of hypertension, diabetes mellitus, 
dyslipidemia, coronary artery disease, atrial fibrillation, current 
smoking status, blood pressure at admission, and National Institutes 
of Health Stroke Scale (NIHSS) scores at admission. Stroke subtypes 
were classified according to the Trial of Org 10172 in Acute Stroke 
(TOAST). The time from stroke onset to groin puncture and time 
from stroke onset to revascularization was also recorded. The time 
of stroke onset was the last time the patient had been seen in a 
normal state. Baseline ischemic injury in the anterior circulation was 
assessed according to the Alberta Stroke Program Early Computed 
Tomography (ASPECT) score; injury in the posterior circulation 
was assessed according to the ASPECT score, as adjusted for the 
posterior circulation. The quality of reperfusion was evaluated using 
the modified Thrombolysis in Cerebral Infarction (mTICI) score on 

Conclusion: Among patients with AIS due to LVO, NBP combined with EVT is 
associated with better functional outcomes and reduced mortality risk without 
increasing the risk of sICH.
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the final angiogram. Collateral vessel status was assessed by the 
American Society of Interventional and Therapeutic Neuroradiology/
Society/Society of Interventional Radiology (ASITN/SIR) collateral 
vessel grading system.

2.4  |  Outcomes

The primary efficiency outcome was the mRS score at 90 days, rang-
ing from 0 (no symptoms) to 6 (death). Follow-up examinations were 
performed in outpatient visits or by phone calls by neurologists 
blinded to the treatment information in the participating centers. 
Secondary outcomes included a favorable functional outcome (de-
fined as an mRS score of 0–3), functional independence (mRS score 
of 0–2), and an excellent outcome (mRS score of 0–1). The safety 
outcomes included symptomatic intracranial hemorrhage (sICH) 
within 48 h and mortality within 3  months of EVT. The sICH was 
assessed based on follow-up CT or MRI according to the Heidelberg 
Bleeding Classification.

2.5  |  Statistical analysis

For continuous variables, the Kolmogorov–Smirnov test was per-
formed to test the normality first. The continuous variables were 
described as mean (standard deviation) and median (quartile) accord-
ing to the normality distribution. We used the Chi-squared or Fisher 
exact test for categorical variables and the Student's t-test or Mann–
Whitney U test for continuous variables according to their normal-
ity of distribution to compare baseline characteristics and outcomes 
between the NBP and non-NBP groups.

Univariable analysis was first performed to identify potential 
confounding factors. The final entered factors included those with 
at least marginal significance (p < 0.1) between the NBP and the non-
NBP group and those associated with functional outcomes in previ-
ous studies.

The shift toward mRS improvement by one score between the 
NBP and non-NBP groups was analyzed using multivariable ordinal 
logistic regression, adjusting for the following variables: age, sex, 
smoking status, hypertension, hyperlipidemia, systolic blood pres-
sure at admission, diabetes mellitus, baseline NIHSS and ASPECT 
score, ASITN/SIR grade, time from stroke onset to revascularization, 
TOAST classification, intravenous thrombolysis (IVT), occlusion sites 
(anterior circulation/posterior circulation), mTICI score, and the use 
of antihypertensive drugs. For other dichotomized outcomes, binary 
logistic regression was performed, adjusting for the same confound-
ing factors. For sensitivity purposes, we used the nearest-neighbor 
matching algorithm and set a caliper width of 0.2 to perform 1:1 
propensity score matching. The key variables in our database were 
excluded from the analysis; therefore, missing values were not 
imputed.

Statistical analysis was performed using SPSS (version 23.0; IBM 
SPSS Statistics). The figures were drawn using Microsoft Office 

Excel 2019. We set p < 0.05 as the significance level, and all hypoth-
esis tests were two-sided.

3  |  RESULTS

3.1  |  Baseline characteristics

A total of 1820 patients were included in this study. The median (inter-
quartile range) age was 66 (57–74) years, the baseline NIHSS score was 
17 (12–24), and 1150 (63.5%) of the patients were women. The rate of 
IVT was 25.8%, and 84.1% (1524/1812) of patients achieved success-
ful reperfusion (mTICI 2b-3). There were 628 (37.5%) and 1138 (62.5%) 
patients in the NBP and non-NBP groups, respectively. Compared 
with the non-NBP group, patients in the NBP group had a lower base-
line NIHSS score (16 [11–22] vs. 18 [13–26] p < 0.001), lower systolic 
blood pressure levels on admission (145 [128–160] vs. 150 [132–166], 
p  =  0.001), lower onset to groin puncture time (315 [230–450] vs. 
301 [221–413], p  =  0.020), lower incidence of hypertension (51.5% 
vs. 62.5%), and a significant difference in ASITN/SIR grade (e.g., 0–1: 
42.7% vs. 50.2%, p = 0.006). Other baseline characteristics did not 
differ significantly between the groups (p > 0.05) (Table 1).

3.2  |  Primary efficacy outcome

The median mRS at 90 days was 3 (2–5) in the NBP group and 4 (2–6) 
in the non-NBP group (p < 0.001). The common odds ratio (cOR) for 
improved functional outcomes with NBP was 1.491 (95% confidence 
interval [CI]: 1.254–1.801) after adjustment for confounding factors 
(Figure 1 and Table 2).

3.3  |  Secondary efficacy outcome

At 90 days, 378 (55.4%) patients in the NBP group compared with 
486 (42.7%) patients in the non-NBP group had a favorable func-
tional outcome (adjusted OR: 1.589, 95% CI: 1.251–2.020, p < 0.001; 
Table 2), 287 (42.1%) patients in the NBP group compared with 381 
(33.5%) patients in the non-NBP group had functional independence 
(adjusted OR: 1.307, 95% CI: 1.031–1.658, p = 0.027; Table 2), and 
193 (28.3%) patients in the NBP group compared with 244 (21.4%) 
patients in the non-NBP group had excellent functional outcome 
(adjusted OR: 1.362, 95% CI: 1.052–1.763: p = 0.019; Table 2).

3.4  |  Safety outcomes

Overall, sICH occurred in 229 (12.7%) patients: 10.9% in the NBP 
group and 13.8% in the non-NBP group (adjusted OR: 0.787, 
p = 0.152), and mortality in the NBP group was 21.7%, which was 
significantly lower than the 36.7% mortality rate in the non-NBP 
group (adjusted OR: 0.486, p < 0.001, Table 2).
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3.5  |  Propensity score matching analysis

Baseline characteristics achieved balance in the NBP and non-
NBP groups after 1:1 propensity score matching (Table  1). The 
median mRS at 90 days in the NBP group was 3 [1–5], which was 
also significantly lower than that of 4 [2–6] in the non-NBP group 
(p < 0.001). Proportions for 0–1, 0–2, and 0–3 of the mRS at 90 days 
in the NBP group were still significantly higher than those in the 
non-NBP group (respectively, 28.0% vs. 22.0%, p = 0.016; 42.2% vs. 
33.7%, p = 0.003; 55.4% vs. 44.7%, p < 0.001).

3.6  |  Subgroup analysis

As shown in Figure 2 and Supplementary Figures S2–S9, there was 
a consistent effect on 90-day functional outcomes in favor of NBP 
across any of the prespecified subgroups (defined according to age, 
sex, baseline NIHSS, baseline ASPECT score, onset to recanalization 
time, occlusion site, mTICI, and intravenous thrombolysis). The in-
teraction analysis also showed no evidence of heterogeneity in the 
efficacy of NBP (p for interaction >0.05).

4  |  DISCUSSION

This is the largest registry to explore the efficacy and safety 
of NBP in patients with AIS due to LVO undergoing EVT in the 
Chinese population. We found that among patients with AIS-LVO, 

NBP was significantly associated with a reduction in mortality and 
improvements in functional outcomes at 90 days.

Butylphthalide can act on multiple pathological pathways in the 
ischemic tissue and improve the nerve function of patients with AIS. 
A meta-analysis of 12 studies involving 1160 patients with ischemic 
stroke also demonstrated that the combination of NBP and anti-
ischemic stroke drugs used in patients with AIS had a better ther-
apeutic effect than standard drugs alone.13 However, whether NBP 
combined with EVT can improve the clinical prognosis and neurolog-
ical function of patients with LVO remains unclear.

In this study, patients in the NBP group had higher rates of 90-
day favorable outcomes and functional independence and a lower 
mortality rate than patients in the non-NBP group. Furthermore, 
all prespecified exploratory subgroups based on age, sex, base-
line NIHSS, baseline ASPECT score, and intravenous thrombolysis 
showed results in favor of NBP use, which means that NBP may be 
a promising neuroprotective agent in the future. Previous studies 
have shown that NBP is a neuroprotective drug with multiple func-
tions. (1) Reconstructing microcirculation: first, NBP can inhibit ar-
achidonic acid levels and increase prostaglandin I2 (PGI2) and nitric 
oxide (NO) content in the vascular endothelial cells of the ischemic-
impaired area. PGI2 and NO are factors that can expand cerebrum 
vessels and improve perfusion in ischemic areas.8,11,12 Second, NBP 
can increase the expression of vascular endothelial growth factor, 
which increases microvessel density, maintains microvessel integ-
rity, and opens collateral circulation, thus improving brain perfusion 
in the infarcted area.9,13 (2) Protecting mitochondrial function: NBP 
could enhance Na+-K+-ATPase and Ca2+-ATPase activity, which 

F I G U R E  1  Distribution of the modified 
Rankin Scale (mRS) at 90 days of the 3-n-
butylphthalide (NBP) group and the non-
NBP group. The distribution of the mRS 
score of primary outcomes and mortality 
in both groups among all patients 
treated with endovascular treatment 
are presented in (A). The distribution of 
the mRS score of primary outcomes and 
mortality in the propensity score matching 
data set are presented in (B).
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regulates the transportation of Na+ and K+ across the nerve cells, 
maintains cell volume and neuronal excitability, and prevents mito-
chondrial swelling.14–16 Moreover, NBP can enhance the activity of 
cytochrome c, which modulates electron transfer in the mitochon-
drial redox reactions of the respiratory chain, protecting the struc-
ture and function of the mitochondria.17,18 Thus, NBP improves the 
cellular tolerance to ischemic stroke, leading to an overall improve-
ment in postischemic neurological impairment. (3) Inhibiting inflam-
matory responses and antioxidant stress: first, NBP can exert its 
anti-inflammatory effect by upregulating the expression of hepato-
cyte growth factor and downregulating the expression of Toll-like 
receptor 4.19,20 Second, NBP reduces oxidative stress by increasing 
superoxide dismutase activity in the cerebral ischemic area, reduc-
ing reactive oxygen species and malondialdehyde levels.21,22 Third, 
NBP can reduce the level of phosphorylated ERK, thereby inhibiting 
the inflammatory response and demonstrating an important neuro-
protective effect.23

Patients with basilar artery occlusion (BAO) present with par-
ticularly severe symptoms on admission compared with those with 
anterior LVO. From our baseline differences, patients with BAO 
were younger, more often male, had a higher baseline NIHSS score 

and a lower ASPECTS score, and so on (Supplementary Table S1), 
which is consistent with previous studies.24 Although patients with 
BAO had a worse outcome, after adjusting for baseline differences, 
there was no heterogeneity between BAO and acute anterior LVO 
regarding the mRS score and mortality at 90 days (Tables S2 and S3 
and Figure S1), which further validates our results. On the basis of 
mechanical recanalization, NBP may have a potential protective ef-
fect on neurovascular units, thus improving the prognosis both in 
patients with BAO or anterior LVO.

Our study was innovative because it targeted a population with 
AIS due to LVO undergoing EVT, which is relatively common and con-
sistently predicts poor outcomes. Therefore, it is important to timely 
treat these events. Successful reperfusion via EVTs promotes the 
likelihood of a good functional outcome, and neuroprotective drugs 
may be more effective when complete reperfusion is achieved.25 
Therefore, we chose patients who underwent EVT. Excitotoxicity, 
oxidative stress, and inflammation have been identified as key fac-
tors in ischemic cell death within the penumbra. Given the failures of 
single-target neuroprotective drug studies, NBP, a multi-target drug, 
is promising for improving clinical outcomes. Multitarget drug action 
may be key in achieving neuroprotection.

F I G U R E  2  Subgroup analysis of modified Rankin Scale (mRS) at 90 days of the 3-n-butylphthalide (NBP) group and the non-NBP group. 
A forest plot shows the odds of improvement of one point on the modified Rankin scale at 90 days, favoring the NBP group across all 
prespecified subgroups except mTICI 0-2a. The thresholds for age, NIHSS, ASPECTS, mTICI, and onset to recanalization time were chosen 
at the median. ASPECTS, Alberta Stroke Program Early Computed Tomography Score; mTICI, modified Thrombolysis in Cerebral Infarction; 
NIHSS, National Institute of Health stroke scale
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There are still a few important limitations to our study. First, 
as an observational study, bias in patient selection and treatment 
procedures was inevitable. Although confounding factors could be 
adjusted by propensity score matching or multivariate logistic anal-
yses, systematic differences between treatment groups still existed. 
Second, the works of the literature suggest that the hypoperfusion 
intensity ratio,26 the level of collateral flow,27 and net water uptake28 
and so on are all useful imaging biomarkers that are associated with 
treatment effects in acute stroke. Unfortunately, such useful infor-
mation was lacking in our study. Therefore, relevant markers will be 
added to our study in the future to further testify to the neuropro-
tective effect of butylphthalide on LVO patients. In addition, the 
best time window for neuroprotection is 4–6 h after stroke onset, 
so whether NBP should be administered before EVT may be consid-
ered in future studies.

5  |  CONCLUSION

In conclusion, NBP may improve 90-day functional outcomes and 
reduce mortality risk in patients with LVO treated with EVT. Further 
randomized clinical trials are necessary to confirm the NBP results.
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