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Post-insult valproate treatment potentially improved 
functional recovery in patients with acute middle  
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Abstract: Animal stroke models suggest that valproate has multiple neuroprotective mechanisms against ischemic 
brain damage. This study investigated whether valproate improves functional recovery in patients with acute middle 
cerebral artery (MCA) infarction. This was an open-label controlled trial. Three to 24 hours after acute MCA infarc-
tion, patients were assigned to either the valproate group (n = 17) or the non-valproate group (n = 17). The valproate 
group received intravenous valproate (400 mg) at enrollment, and then every 12 hours for three days, followed by 
oral valproate (500 mg) every 12 hours for three months. Neurological function, laboratory data, and brain magnetic 
resonance imaging were examined at stroke onset, and at two-week and three-month follow-up. No significant dif-
ferences were observed between the groups with regard to demographics or baseline characteristics. All patients 
were elderly, had a high pretreatment score on the NIH stroke scale (NIHSS), and slow stroke lesion growth with a 
final large infarct volume at two-week follow-up. At the three-month follow-up, functional outcome between pre- and 
post-treatment had improved significantly in the valproate group (NIHSS, p = 0.004; modified Rankin scale (mRS), p 
= 0.007; Barthel index (BI), p = 0.001). No such improvement was noted in the NIHSS or mRS for the non-valproate 
group, though mild improvement was seen on the BI (p = 0.022). This open-label trial is the first to demonstrate that 
valproate treatment markedly improves functional outcome in patients with acute MCA infarction. 
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Introduction 

Ischemic stroke is the most common stroke 
incident. Increasing evidence suggests that 
expansion of the cerebral infarct size of no-
reflow by secondary injury recruits the periph-
eral zones into the ischemic core; this is due to 
a triggered ischemic cascade that includes 
ionic imbalance, excitotoxicity, excessive neu-
roinflammation, and oxidative stress [1, 2]. 
Current therapies for acute ischemic stroke are 
aimed at early recanalization of the occluded 
cerebral vessel to minimize brain damage and 
to modify the ischemic cascade pathway in 
order to rescue injured neurons. Thrombolysis 

with recombinant tissue plasminogen activator 
(rtPA) is presently the only approved therapy for 
acute ischemic stroke, and eligible patients 
treated with rtPA show better neurological per-
formance [3, 4]. However, rtPA thrombolysis is 
not an ideal therapy because of the narrow 
therapeutic window and the strict patient selec-
tion requirements. To date, no clinically neuro-
protective drug for stroke has yet proven effec-
tive [5, 6]. Thus, there is a clear clinical urgency 
to develop novel and effective neuroprotective 
drugs or new strategies to improve current 
treatment for patients experiencing acute isch-
emic stroke [7, 8]. 
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Sodium valproate is a simple eight-carbon 
branched-chain fatty acid. It is a widely used 
and effective drug for the treatment of seizures 
and bipolar mood disorder, as well as for 
migraine prophylaxis [9-12]. Although its under-
lying therapeutic mechanisms remain unclear, 
a growing body of evidence from animal stroke 
models suggests that valproate comprises mul-
tiple mechanisms that contribute both neuro-
protective and neurotrophic effects against 
ischemic stroke (for a review, see [13-15]). 
Well-established data have demonstrated that 
post-insult treatment with valproate in rodent 
ischemic stroke models markedly reduces 
infarct volume and improves functional out-
come [16-20]. The mechanisms underlying 
these beneficial effects in experimental stroke 
models likely involve inhibition of histone 
deacetylases (HDACs), which induce key neuro-
protective molecules that suppress ischemia-
induced neuroinflammation, protect against 
blood-brain barrier disruption, and promote 
angiogenesis, thus facilitating functional recov-
ery. However, to date, no clinical trial has inves-
tigated the putative benefits of valproate in 
patients with acute ischemic stroke.

This open-label controlled study investigated 
patients with acute middle cerebral artery 
(MCA) infarction who received valproate as an 
add-on treatment between three and 24 hours 
after stroke onset, and for three months post-
insult. The primary objective of the study was to 
examine whether the patients receiving post-
insult treatment with valproate for three months 
showed reduced neurological deficits and 
decreased infarct volume.

Patients and methods

Study design

This prospective study was an open-label, con-
trolled-group trial evaluating the use of valpro-
ate (Depakine® (Sanofi, Paris, France)) in 
patients with acute MCA infarction. It was car-
ried out in the Department of Neurology, Tri-
Service General Hospital (Taipei, Taiwan) 
between July 01, 2006 and August 31, 2009. 
The study was approved by the hospital’s 
Institutional Review Board for Human Studies 
(Clinical Trials Registration: TSGHIRB Approval 
Number: 095-05-002), and that it conforms to 
the provisions of the Declaration of Helsinki 

Figure 1. Study patient selection. MCA, middle cerebral artery. MR, magnetic resonance. 
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and all patients provided written informed con-
sent before enrollment.

Selection of study patients and clinical charac-
teristics (Figure 1)

Eligible patients were experiencing the clinical 
symptoms of acute MCA infarction, and stroke 
onset time was between three and 24 hours of 
their arrival at the hospital. This was subse-
quently confirmed by brain magnetic resonance 
(MR) diffusion-weighted imaging (DWI). 

Exclusion criteria included radiological evi-
dence comparable to their previous clinical 
symptoms of disabling stroke, brain stroke pre-
cipitated during surgery or angiography, non-
MCA infarction, receiving therapeutic anticoag-
ulation, history of bleeding diathesis or illicit 
drug use, or other concomitant serious medical 
illness, including malignancy, uraemia, cirrho-

sis of the liver, sepsis, autoimmune disorders, 
evidence of cerebral vascular malformation, or 
a history of allergy to valproate.

An experienced neurologist explained the treat-
ment protocol to eligible patients or their rela-
tives, and obtained informed consents. At study 
enrollment, all patients were examined by an 
experienced neurologist. Pre-trial screening 
laboratory tests included systolic and diastolic 
blood pressure, body mass index, electrocar-
diogram, complete blood cell counts, serum 
electrolyte determinations, and blood biochem-
istry analyses. A clinical history was obtained 
for all patients based on a structured checklist 
that assessed major vascular risk factors, such 
as hypertension, diabetes, hypercholesterol-
emia, hypertriglyceridemia, coronary artery dis-
ease, atrial fibrillation, previous stroke, alcohol 
consumption, and smoking. A detailed neuro-
logical evaluation was also obtained using the 

Figure 2. Infarct volume scans of patients with MCA infarction. A series of infarct volume scans were semi-manually 
measured using AMIRA software. A. Representative image from a patient who received valproate treatment and 
had a reduced infarct volume at the two-week and three-month follow-up, as measured by T2-fluid attenuated inver-
sion recovery (FLAIR) imaging. B. Representative image from a patient who did not receive valproate treatment and 
demonstrated delayed stroke lesion growth at the two-week follow-up. 
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following stroke outcome scales: the National 
Institutes of Health Stroke Scale (NIHSS), the 
modified Rankin scale (mRS), and the Barthel 
index (BI). Patients were subsequently re-evalu-
ated two weeks and three months post-insult. 

Cranial magnetic resonance imaging (MRI) was 
performed on a 1.5-Tesla scanner (GE, Signa 
HDx, Milwaukee, USA) using a conventional 
spin-echo T1-weighted, T2-weighted sequence 
with a rectangular field of view, T2-FLAIR (fluid 
attenuated inversion recovery) imaging, and 
other sequences including DWI and time-of-
flight MR angiography. Brain MR volumetry for 
stroke lesion was conducted using DWI and 
T2-FLAIR data. Diffusion weighted imaging was 
performed using a single-shot echoplanar spin-
echo sequence with two 180° radiofrequency 
pulses to minimize eddy current warping. 
Twenty images per slice were acquired at b = 0 
s/mm2 followed by 20 at b =1000 s/mm2 in six 
directions (TR/TE 5000/80–110 ms, field of 
view 24 cm, matrix 128 × 128 zero-filled to 256 
× 256, 6-mm slice thickness, 1.2-mm gap). 
T2-FLAIR imaging was performed using TR/TE 
9000/120 to 140 ms, field of view 24 cm, 
matrix size 256 × 256, 5-mm thickness, 2-mm 
gap.

All patients met the inclusion criteria estab-
lished by brain MRI including MCA moderate 
stenosis to occlusion (> 50%) and a corre-
sponding DWI hyperintensity representing the 
core of the infarct at entry. Brain FLAIR imaging 
was used to assess final stroke lesion volume 
at two weeks and again at three months post-
insult. Head MRI scans were performed not 
only to delineate the volume of the stroke 
lesion, but also to exclude intracranial hemor-
rhage, cerebral vascular malformation, menin-
goencephalitis, or brain tumor. Irregular infarct 
area on each axial slice was semi-manually 
delineated and segmented based on threshold-
ing in combination with region-growing tech-
niques within the AMIRA software (VSG Inc., 
Burlington, MA, USA). The final infarct volume 
was estimated and visualized by the volume 
rendering technique (see Figure 2). All MRI 
scans were read by two investigators blind to 
treatment assignment and clinical outcomes, 
but not to the time point of MRI examination. 

During the period of clinical trial, a total of 1227 
acute stroke patients have been screened. A 
total of 1193 patients were excluded, as 294 

were with onset time over 24 hours, 231 with 
unknown onset time, 167 with cerebral small 
vessel disease or non-MCA infarction, 110 with 
intracerebral hemorrhage, 101 with transient 
ischemic accident, 61 with previous symptom-
atic stroke and recurrence, 28 with severe 
medical illness, 21 with acute thrombolytic 
therapy, 18 with subarachnoid hemorrhage, 
142 without immediate brain MR study, and 20 
without volition. Thus, only thirty-four eligible 
patients were alternatively assigned to the val-
proate or non-valproate groups in sequence. 
These subjects received standard treatment 
for acute cerebral infarction. Seventeen pa- 
tients receiving no treatment of valproate were 
used as the control. The remaining patients in 
the valproate group received intravenous (IV) 
administration of valproate (Depakine®, Sanofi; 
400 mg) starting at the time of enrollment and 
then every 12 hours for three days, followed by 
oral valproate (500 mg) every 12 hours for 
three months. All patients in the valproate 
group were checked for liver function and blood 
valproate levels at two weeks after treatment 
began, and again at three months. 

Outcome measures

For all patients, neurological function, labora-
tory data, and brain MRI were assessed at 
onset, at two weeks post-insult, and at three 
months post-insult. The efficacy criterion was 
defined as the results of functional outcomes 
measured by NIHSS, mRS, and BI, as well as 
the infarct volume obtained by brain MRI. All 
the evaluators have been certified for measur-
ing the scores of functional outcomes. Primary 
end point for assessing efficacy was 90 days 
after the stroke event. Safety variables includ-
ed vital signs and laboratory data of all sub-
jects. Laboratory data were monitored and fur-
ther evaluated. Adverse events were also 
recorded throughout the study. 

Statistical analysis

Categorical variables were expressed as num-
bers and percentages and compared using a 
Fisher’s exact test. Continuous variables were 
calculated as mean ± standard deviation and 
compared using Mann-Whitney U tests between 
the valproate and non-valproate groups. Paired 
t-tests were used to compare treatment effects 
within the same group of patients by comparing 
pre-treatment and three months post-treat-
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ment data. In addition, the ordinal scales of 
NIHSS, mRS, and BI were also quoted as medi-
an and interquartile range. Statistical analyses 
were performed using SPSS version 19 (SPSS, 
Chicago, IL, USA). 

Results

Table 1 shows the basic clinical characteristics 
for all 34 patients with acute MCA (20 M, 14 F), 
who were equally distributed into the valproate 
or non-valproate groups. No significant differ-
ences were observed between the groups for 
any demographic or baseline characteristics, 
including mean age of onset (71.47 ± 12.32 
years vs 72.71 ± 9.12 years) or NIHSS scores at 
admission (17.65 ± 8.21 vs 17.35 ± 8.61). 
Functional outcomes and laboratory data are 
documented in Table 2. Four patients died dur-
ing the study period, two from each treatment 
group. In addition, four patients withdrew from 
the study; one from the valproate group and 
three from the non-valproate group. The with-
drawal was most likely due to severe disability 
(NIHSS > 20) that prevented participation in a 
subsequent follow-up study. 

NIHSS, mRS, and BI—at either the two-week or 
three-month follow-up. Further statistical anal-
ysis for the estimate of patient numbers need-
ed to treat by using Stata 9.0 sample-size and 
power determination demonstrated that each 
group needs the patient numbers of 53 in the 
item of NIHSS, 184 in mRS, 256 in BI and 169 
in infarct volume for reaching 95% statistical 
power. Serum valproate levels in the valproate 
group were within the therapeutic range at 
week two (64.60 ± 25.19; N: 50-100 mcg/mL) 
and month three (61.53 ± 24.87) of follow-up. 
Similarly, no significant change in infarct vol-
ume was observed between the valproate and 
non-valproate groups, as measured at either 
the two-week or three-month follow-up. In the 
valproate group, no differences were observed 
in serum levels of glutamate oxaloacetate 
transaminase and glutamate pyruvate trans-
aminase at the two-week or three-month fol-
low-up compared with baseline measures. 

Notably, a comparison of all functional out-
comes within the individual groups found sig-
nificant improvements between onset and the 
three-month follow-up for those patients in the 

Table 1. Demographic and baseline characteristics in patients 
with acute middle cerebral artery infarction in the valproate 
and non-valproate groups 

Variables Valproate  
(n = 17)

Non-Valproate  
(n = 17) P

Age, y (mean ± SD) 71.5 ± 12.3 72.7 ± 9.1 0.74
Sex, M:F 9:8 11:6 0.72
Infarction side, R:L 8:9 8:9 1.00
Body mass index, kg/m2 23.4 ± 6.6 23.6 ± 3.0 0.92
SBP at ER, mmHg 172 ± 28 165 ± 29 0.50
DBP at ER, mmHg 94 ± 36 86 ± 19 0.43
Onset to treatment time, hr 8.5 ± 4.4 11.2 ± 4.6 0.16
Medical history, n (%)
    Hypertension 15 (88.2) 11 (64.7) 0.17
    Diabetes Mellitus 4 (23.5) 5 (29.4) 1.00
    Hyperlipidemia 5 (29.4) 6 (35.3) 1.00
    CAD 2 (11.8) 3 (17.6) 1.00
    Atrial fibrillation 11 (64.7) 10 (58.8) 1.00
    Hyperuricemia 3 (17.6) 4 (23.5) 1.00
    Ever smoking 7 (41.2) 4 (23.5) 0.46
    Previous stroke/TIA 1 (5.9) 4 (23.5) 0.17
Patients received stroke treatment immediately after pretrial brain MR scans 
were completed. CAD, coronary artery disease; DBP, diastolic blood pressure; 
ER, emergency room; F, female; L, left; M, male; R, right; SBP, systolic blood 
pressure; TIA, transient ischemic attack; y, year. Statistically significant differ-
ence was evaluated using Fisher’s exact test for the categorical variables and 
Mann-Whitney U test for continuous variables between the tested groups.

For all patients, changes in infarct 
volume were measured by a series 
of brain MRI scans including brain 
DWI at study entry and T2-FLAIR 
imaging at two weeks and three 
months post-stroke (see Figure 2). 
Eight (47.7%) patients from the val-
proate group and 10 (58.8%) from 
the non-valproate group showed 
an increase in lesion volume at 
the two-week follow-up, but there 
were no significant differences in 
infarct volume between the two 
groups (Table 2). The delayed in- 
crease observed here in infarct 
volume after cerebral ischemia 
echoes previous reports, which 
found that irreversible damage 
occurs relatively rapidly in the core 
of severe ischemia, but that dam-
age in peripheral regions of less 
severe ischemia may develop over 
the course of many hours or even 
days [21-24]. 

In Table 2, no significant differ-
ence was observed between the 
valproate and non-valproate gro- 
ups with regard to functional out-
come measures—including the 
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valproate group (NIHSS: 17.0 ± 2.3 vs. 9.6 ± 
2.3, p = 0.004; mRS: 4.3 ± 0.3 vs. 3.1 ± 0.5, p 
= 0.007; Figure 3A and 3B; BI: 11.1 ± 4.0 vs. 
48.9 ± 10.7, p = 0.001; Figure 3C) as no signifi-
cant change of infarct volume (Figure 3D). 
Although no such improvements were seen in 
the non-valproate group for the NIHSS and 
mRS scales, at the three-month follow-up, BI 
scores had improved significantly in the non-

valproate group (9.2 ± 3.5 vs. 37.1 ± 12.3, p = 
0.022); however, this improvement was signifi-
cantly more pronounced in the valproate group 
(Figure 3C). 

Discussion

This open-label controlled study is the first to 
explore the clinical use of valproate in patients 

Table 2. Functional outcome and laboratory data in patients with acute middle cerebral artery infarc-
tion in the valproate and non-valproate groups
Time to check/Variables Valproate Non-Valproate P
At onset, n 17 17
Sex, M:F 9:8 11:6
Outcome scales Mean ± SD Median (IQR) Mean ± SD Median (IQR)
    NIHSS 17.7 ± 8.2 16.0 (14.5) 17.4 ± 8.6 16.0 (11.0) 0.92
    mRS 4.4 ± 1.0 5.0 (1.0) 4.1 ± 1.3 5.0 (1.0) 0.55
    BI 10.6 ± 14.4 0.0 (22.5) 8.8 ± 11.5 5.0 (20.0) 0.70
Infarct volume, cm3 55.0 ± 51.5 94.7 ± 86.8 0.12
Laboratory data
    GOT, U/L 34.0 ± 30.7 31.6 ± 12.7 0.77
    GPT, U/L 27.5 ± 21.4 27.9 ± 15.0 0.95
Two-week follow-up, n 16† 17
Sex, M:F 9:7 11:6
Outcome scales Mean ± SD Median (IQR) Mean ± SD Median (IQR)
    NIHSS 15.3 ± 10.1 14.5 (19.8) 16.4 ± 11.2 13.0 (22.5) 0.78
    mRS 3.8 ± 1.8 4.5 (2.5) 4.0 ± 1.3 4.0 (1.5) 0.64
    BI 24.7 ± 33.0 15.0 (30.0) 31.2 ± 36.9 10.0 (55.0) 0.60
Infarct volume, cm3 110.7 ± 137.1 106.5 ± 84.5 0.92
Laboratory data
    Valproate level, mcg/mL 64.6 ± 25.2
    GOT, U/L 40.7 ± 37.9
    GPT, U/L 36.8 ± 42.9
Three-month follow-up, n 14‡ 12§

Sex, M:F 8:6 9:3
Recanalization 4 (28.6%) 3 (25%)
Outcome scales Mean ± SD Median (IQR) Mean ± SD Median (IQR)
    NIHSS 9.6 ± 8.6 6.5 (17.0) 16.3 ± 12.3 15.5 (22.0) 0.12
    mRS 3.1 ± 1.8 3.5 (3.3) 3.7 ± 1.7 4.5 (3.0) 0.40
    BI 48.9 ± 39.9 35.0 (83.8) 37.1 ± 42.7 15.0 (87.5) 0.47
Infarct volume, cm3 91.1 ± 118.1 126.3 ± 76.6 0.39
Laboratory data
    Valproate level, mcg/mL 61.5 ± 24.9
    GOT, U/L 32.7 ± 18.4
    GPT, U/L 29.9 ± 21.6
† = one death. ‡ = two deaths and one withdrawal. § = two deaths and three withdrawals. BI, Barthel index; F, female; GOT, 
glutamate oxaloacetate transaminase; GPT, glutamate pyruvate transaminase; IQR = Interquartile Range; M, male; mRS, modi-
fied Rankin scale; NIHSS, National Institutes of Health Stroke Scale. Statistically significant differences were evaluated using 
Fisher’s exact test for the categorical variables and Mann-Whitney U test for continuous variables between the valproate and 
non-valproate groups.
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with acute MCA infarction. Two notable findings 
emerged. First, at three months post-stroke, no 
difference was observed in either functional 
outcome or infarct volume between patients 
who received valproate in addition to standard 
care, and those who received standard care 
alone. However, at the three-month follow-up, 
patients in the valproate group demonstrated 
remarkable improvements on all three func-
tional outcome measures (NIHSS, mRS, and 
BI). In contrast, improvements in functional out-
come were rather trivial for patients in the non-
valproate group. These preliminary data from 
this small group of patients with acute MCA 
infarction suggest that valproate’s neuropro-
tective effects may translate successfully from 
preclinical studies to clinical settings, and may 
provide a much-needed future treatment for 
acute ischemic stroke. 

Age, pre-treatment NIHSS scores, and final 
infarct size have typically been regarded as 
three major determinants of functional out-
come in patients with acute ischemic stroke. 

Specifically, stroke outcome is significantly 
worse in the elderly because these patients 
tend to have higher rates of in-hospital medical 
complications [25]. In addition, a study of 
Medicare beneficiaries with acute ischemic 
stroke found a strong relationship between 
increasing NIHSS score and mortality at 30 
days [26]. A substudy of the Echoplanar Imaging 
Thrombolytic Evaluation Trial (EPITHET) showed 
initial growth in cerebral infarct volume in 
untreated acute ischemic stroke victims, as 
well as a significant correlation between func-
tional outcome scale scores and lesion volume 
[27]. Similarly, Yoo and colleagues found that 
final infarct volume is a critical determinant of 
functional outcome three months post-insult 
[24]. 

In the present study, all recruited patients with 
acute MCA infarctions were elderly, had a high 
pre-treatment NIHSS score (76.5% of patients 
had an NIHSS > 10), had large infarct volumes 
at admission, and had delayed increase in 
infarct volume at the two-week follow-up. The 

Figure 3. Effects of valproate treatment on functional stroke outcome and infarct volume. Comparisons of functional 
stroke outcomes (A-C) and infarct volume (D) were made at the three-month follow-up for patients in the valproate (n 
= 14) and non-valproate (n = 12) groups. Significant improvements were seen for on all scale scores for the valpro-
ate group (A) National Institutes of Health stroke scale (NIHSS), (B) modified Rankin scale (mRS), and (C) Barthel 
index (BI). No such improvement was seen in the non-valproate group for the NIHSS and mRS, and only modest im-
provement was seen in the BI scale (A-C). Meanwhile, no significant change of infarct volume (D) was found as com-
parison of the stroke lesion in FLAIR imaging between the two-week and three-month of follow up at both individual 
group. Vertical bars represent standard errors of the means. Statistical significance was determined by paired t-test. 
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severity of these clinical indicators suggests 
that the recruited patients were a broadly 
homogenous population with acute MCA infarc-
tion, severe neurological deficits, and a predict-
ed poor prognosis if not administered aggres-
sive therapy. None of the patients received rtPA 
thrombolytic therapy within the optimum time 
frame. As noted above, brain MRI at the two-
week and three-month follow-ups also observed 
stroke lesion growth; valproate had no treat-
ment effect on lesion growth, nor reperfusion 
was observed compared to patients in the non-
valproate group (Table 2). This persistent inabil-
ity to reduce infarct volume in acute stroke vic-
tims may be attributable to the relatively 
delayed administration of valproate (three to 
24 hours after ischemia), a notion supported by 
preclinical results suggesting that the optimal 
time window for valproate to reduce infarct vol-
ume is about three hours after ischemic onset 
[18]. 

The goal of treatment for patients with acute 
ischemic stroke is to restore blood flow to the 
affected area of the brain as soon as possible, 
and to rescue the penumbral zone from brain 
ischemic damage [28]. Thrombolytic therapy 
with rtPA is the current standard of treatment 
for acute ischemic stroke patients who present 
within three hours of symptom onset. The ben-
efits of thrombolytic treatment slowly decrease 
with time [29, 30], and if recanalization occurs 
too late to benefit ischemic brain tissues, it may 
exacerbate tissue injury by promoting reperfu-
sion injury, excessive brain edema, and hemor-
rhagic transformation. These harmful conse-
quences underscore the need to develop 
neuroprotective therapies for stroke patients 
who are not eligible to receive rtPA thrombolytic 
therapy or post rtPA thrombolytic therapy. To 
our knowledge, the current study suggests that 
a neuroprotective agent that demonstrated 
effectiveness in preclinical setting of cerebral 
ischemia models also potentially has clinical 
efficacy in patients with acute ischemia stroke, 
but more studies are needed.

Valproate has a long record of safe and effec-
tive use in treating patients with bipolar mood 
disorder as well as seizures. In addition, a wide 
variety of CNS disease model studies—includ-
ing those for stroke—have observed that val-
proate has remarkable neuroprotective proper-
ties, leading some to suggest that its use could 

be expanded to treat other brain disorders (for 
a review, see [13-15, 19]). It is generally beli- 
eved that valproate’s neuroprotective effects 
stem from its ability to inhibit class I and class 
IIa HDACs to modulate gene transcription (for a 
review, see [14]). In animal ischemic stroke 
models using middle cerebral artery occlusion 
(MCAO), post-insult valproate treatment robust-
ly suppresses MCAO-induced neuroinflamma-
tion in the brain [15]; this, in turn, is reminis-
cent of valproate’s anti-inflammatory effects 
via inhibiting microglial activation in cellular 
models [31, 32]. Post-stroke valproate also pro-
tects against MCAO-induced brain edema and 
disruption of blood-brain barrier by HDAC inhibi-
tion-mediated blockade of NF-kB activation 
and MMP-9 overexpression [16]. In addition, 
valproate stimulates MCAO-induced angiogen-
esis by inducing vascular endothelial growth 
factor (VEGF) and MMP-2/9, thereby increasing 
cerebral blood flow and functional recovery in 
rats. Relatedly, the HDAC inhibitor sodium 
butyrate, which is structurally and functionally 
similar to valproate, promotes neurogenesis 
after MCAO by activating the brain-derived neu-
rotrophic factor (BDNF) signaling pathway, thus 
contributing to behavioral improvements in a 
rodent model [33]. Indeed, valproate appears 
to induce a number of key neurotrophic and 
neuroprotective molecules, such as BDNF, 
VEGF, glial cell line-derived neurotrophic factor 
(GDNF), heat shock protein-70, and brain cell 
lymphoma 2 (Bcl-2), among others, by tran-
scriptional activation through HDAC inhibition 
[16, 17, 20, 32-34]. It is conceivable that these 
molecular events identified in preclinical stud-
ies may be involved in the improvement of func-
tional outcome demonstrated in the present 
clinical setting.

One strength of this study was that strict selec-
tion criteria—including clinical characteristics 
and brain MRI—were used to recruit patients 
from a broadly homogenous population with 
severe neurological deficits and with predicted 
worse stroke outcomes. However, a key limita-
tion is the small sample size. As a result, the 
data comparing the valproate and non-valpro-
ate groups could not reach statistical signifi-
cance at the three-month follow-up. The esti-
mate of patient numbers needed to treat in the 
study by using Stata 9.0 sample-size and power 
determination is necessary to recruit at least 
106 patients (53 patients for each valproate 
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and non-valproate group) for reaching 95% sta-
tistical power. However, the estimated 106 pati- 
ents with acute MCA infarction may need to be 
recruited from a large cohort in excess of 4000 
stroke patients in order to test the clinical sig-
nificance of valproate in the treatment of acute 
MCA infarction in a future full-scale clinical trial. 
Another limitation is that the investigators scor-
ing the neurobehavioral outcomes were not 
blind to treatment group, which might increase 
study bias. Future double-blind studies with 
much larger sample sizes that increase statisti-
cal power will further help to clarify the causal 
benefits of valproate treatment in stroke out-
come. Although investigators were blind to 
infarct volume measurement, it should also be 
noted that the reliability of semi-manual outlin-
ing of infarct size in brain MRI, which has better 
infarct visualization in the period of acute 
stroke, lacks a gold standard for lesion mea-
surement. Additional validation is required for 
methods that compare pre- and post-treatment 
acute stroke measures. Fully automated soft-
ware to measure lesion volumes may produce 
fewer sources of error. 

Conclusion

This pilot study is the first to show that valpro-
ate treatment in patients with acute MCA 
infarction improved functional outcome at 
three-month follow-up compared to baseline. 
Our results highlight the clinical utility of valpro-
ate as a potential neuroprotective agent, either 
alone or in combination with rtPA, for treating 
patients with acute ischemic stroke. Future 
clinical trials are warranted to test the useful-
ness of this agent. 
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