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Abstract

Background Fasudil and ozagrel are drugs with the same indications for the treatment of cerebral vasospasm in
Japan. However, there have been no definitive conclusions on the clinical efficacy of fasudil hydrochloride and ozagrel
sodium monotherapy or their combination. Therefore, we aimed to investigate the effectiveness of the combined
administration of fasudil hydrochloride and ozagrel sodium in Japanese patients with subarachnoid hemorrhage
(SAH).

Methods This cross-sectional study used Diagnosis Procedure Combination data to assess patients who were
hospitalized with SAH and received fasudil hydrochloride or ozagrel sodium between April 2016 and March 2020
(n=17,346). The participants were divided into three groups based on the treatment received: fasudil hydrochloride
monotherapy (F group, n=10,484), ozagrel sodium monotherapy (O group, n=465), and fasudil hydrochloride

and ozagrel sodium combination therapy (FO group, n=6,397). The primary outcome was in-hospital mortality.
Multivariable adjusted logistic regression analysis (significance level, 5%) was used for data analyses.

Results The results of the multivariable analysis, adjusted for factors considered to impact prognosis, showed that
the adjusted odds ratio (OR) with the F group as the reference for in-hospital mortality was 0.94 in the FO group (95%
confidence interval [CI]: 0.81-1.08, p=0.355), with no differences compared to the F group.

Conclusion Fasudil hydrochloride and ozagrel sodium had different mechanisms of action, suggesting a synergistic
effect of combination therapy. However, a comparison of fasudil hydrochloride monotherapy and combination
therapy of fasudil hydrochloride and ozagrel sodium showed no difference in the prognostic effect. Therefore, it was
suggested that fasudil hydrochloride monotherapy may be sufficient.
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Background

Subarachnoid hemorrhage (SAH) can be categorized as
either traumatic or non-traumatic. Aneurysmal SAH
(aSAH) is the most common form of non-traumatic
SAH, accounting for 85% of all reported cases of SAH [1].
The incidence of aSAH is reported to be 1.6-fold higher
in women than in men and generally peaks between 50
and 60 years of age, although it can also occur in younger
individuals [1]. Cerebral vasospasm has been reported to
occur at a frequency of 30-70%, mainly 4—14 days after
the onset of aSAH [2]. In addition, no improvement in
in-hospital mortality after aSAH onset has been observed
globally (19-20% in 2021) and in the USA (13.7% in 2006
to 13.1% in 2018) [3]. In Japan, the rate of favorable out-
comes after SAH did not change from 2000 to 2019 [4].
Therefore, improved treatment options after the onset of
aSAH are required.

The calcium channel blocker nimodipine is approved
by the European Medicines Agency and USA Food and
Drug Administration, and its use is recommended for
the prevention of delayed ischemic deficit by the Euro-
pean Stroke Organization Guidelines for Management
of Intracranial Aneurysms and Subarachnoid Hemor-
rhage [5] and 2023 American Heart Association/Ameri-
can Stroke Association Guidelines for the Management
of Patients with Aneurysmal Subarachnoid Hemorrhage
[3]. However, nimodipine is not yet approved for use in
Japan.

Fasudil hydrochloride (a rho kinase inhibitor) [6] and
ozagrel sodium (a thromboxane synthase inhibitor) [7]
have been approved in Japan as therapeutic agents for
cerebral vasospasm after SAH. According to the Stroke
Treatment Guideline 2021, Japan, the administration of
fasudil hydrochloride and ozagrel sodium as systemic
pharmacotherapy is a moderate recommendation (Grade
B, low level of evidence), and there are no strongly rec-
ommended treatments [8]. However, although it has the
same indication, reports on fasudil hydrochloride and
ozagrel sodium combination therapy are scarce. In mice,
the combination of fasudil hydrochloride and ozagrel
sodium has been reported to have an inhibitory effect on
cerebral infarction compared with single-agent adminis-
tration [9]. In the post-marketing surveillance of fasudil
hydrochloride, the combination of fasudil hydrochloride
and ozagrel sodium was well tolerated but did not result
in better efficacy than fasudil hydrochloride monother-
apy [10]. In addition, the combination therapy of fasudil
hydrochloride and ozagrel sodium has superior effective-
ness over ozagrel monotherapy [11]. Evidence on the effi-
cacy of both drugs as a monotherapy or in combination is
inconclusive.

Therefore, we conducted this cross-sectional study
using Diagnosis Procedure Combination (DPC)
data to investigate the effectiveness of the combined
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administration of fasudil hydrochloride and ozagrel
sodium in Japanese patients with SAH.

Methods

Data source

The nationwide DPC database collects administrative
claims and abstract data on discharges from more than
1200 acute care hospitals in Japan [12, 13]. The data
obtained include the unique hospital identifier, patient
administrative claims data, and information regarding
age, sex, diagnoses at admission (coded according to the
International Classification of Diseases, 10th Revision
[ICD-10]), medical history, medication (see Additional
file 1), treatment procedure, length of stay, Japan Coma
Scale (JCS) score at admission [14] (see Additional file
2), modified Rankin Scale (mRS) score at discharge, and
complications.

Study population

This was a cross-sectional study of DPC data from April
2016 to March 2020. We selected patients admitted with
SAH due to ruptured aneurysms (using the ICD-10
code associated with SAH: 160.0-9; see Additional file
3), because there are validation reports in acute hem-
orrhagic stroke patients using this code [15]. Patients
who underwent clipping or coiling treatment for SAH
were aged>18 years and were hospitalized for up to
7 days after the onset of SAH were included. Patients
who died within the first 24 h of admission, those with
unknown mRS scores before stroke and at discharge,
and those who did not receive fasudil hydrochloride or
ozagrel sodium were excluded. The included patients
were divided into three groups based on the treatment
received: fasudil hydrochloride monotherapy, ozagrel
sodium monotherapy, and fasudil hydrochloride and oza-
grel sodium combination therapy (F, O, and FO groups,
respectively). Combination therapy of fasudil hydrochlo-
ride and ozagrel sodium was defined as an overlap (not
switching) between the days of administration of both
drugs for more than 1 day. According to the package
insert, the typical dosing schedules for fasudil hydrochlo-
ride and ozagrel sodium are as follows: 30 mg of fasudil
hydrochloride is administered intravenously 2-3 times a
day for 14 days, and 80 mg per day of ozagrel sodium is
continuously administered intravenously for 14 days.

Outcome measures

The primary outcome was in-hospital mortality, and
the secondary outcome was the mRS score at discharge.
Functional independence was defined as mRS score<2.
When comparing different treatment options for cere-
bral vasospasm and their effect on poor outcomes (mRS
3—6 at discharge), fasudil hydrochloride was associated
with lower proportion of in-hospital mortality and poor
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outcomes at discharge [16]. Moreover, as cerebral vaso-
spasms have been reported to occur within approxi-
mately 2 weeks of the onset of aSAH [2], we considered
that the outcome at discharge was sufficient to verify the
therapeutic efficacy of the drug.

Patient age, sex, comorbidities, Charlson Comorbid-
ity Index (CCI), JCS score at admission, Glasgow Coma
Scale (GCS) score at admission, mRS score at discharge,
treatment method, aneurysm location, days from the
onset of SAH to admission, presence of ambulance
transport, presence of intensive care unit use, use of
mechanical ventilation, and concomitant medications
were analyzed. The GCS score was calculated by convert-
ing from the JCS score [17] (see Additional file 4). Age
was categorized as either <75 years or 275 years because
previous studies have shown that the clinical outcomes
of patients after aSAH greatly differed when the cut-off
age was set at 75 years [18]. Concomitant medications
were aggregated for representative medications admin-
istered to patients with subarachnoid hemorrhage who
were administered at the institution during their hospi-
tal stay. Diabetes mellitus (ICD-10 code: E10-14), hyper-
tension (I10-15), dyslipidemia (E785), cerebral infarct
(I63), and cerebral hemorrhage (I61) were evaluated as
complications at admission (see Additional file 3). Cere-
bral infarction (I63) and cerebral hemorrhage (161) were
evaluated as events that occurred during hospitalization
(see Additional file 3). For these ICD-10 codes, the accu-
racy was reported as it was used when scoring compre-
hensive stroke care capabilities [19]. Quan’s algorithm
was used for calculating the CCI [20]. Days from onset
of SAH to admission were categorized as either <3 days
or 4-7 days. The location of the ruptured cerebral aneu-
rysms was classified as either the anterior communicat-
ing artery, middle cerebral artery, internal carotid artery,
anterior cerebral artery, vertebral artery, basilar artery, or
others based on the ICD-10 codes. Hospital case volume
was classified into quartiles (Q1-Q4) based on the case
volume per 4 years of clipping or coiling for SAH.

Statistical analysis

For the comparison of patient backgrounds, the chi-
square test was used for categorical variables and the
one-way analysis of variance for continuous variables.
Statistical analysis was performed using multivariable-
adjusted logistic regression analysis (significance level,
5%). Additionally, subgroup analysis was performed as
sensitivity analysis and for the assessment of selection
bias for <75-year and >75-year subgroups, as well as
coiling and clipping treatment subgroups. The following
variables were evaluated as multivariable factors poten-
tially affecting prognosis: age, sex, treatment procedure
for SAH (clipping, coiling), starting time of treatment
(Day 1, Day 2, Day 3 and >Day 4), JCS score on admission
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(0, 1-digit code, 2-digit code, 3-digit code), mRS score
before onset of stroke, days from onset of SAH to admis-
sion (<3 days, 4-7 days), ambulance use, CCI (0, =1),
presence of comorbidities (hypertension, diabetes melli-
tus, dyslipidemia, cerebral infarct, cerebral hemorrhage),
concomitant medications (cilostazol, statins, edaravone,
antihypertensive drug, antiplatelet drug), use of a spe-
cific intensive care unit, use of mechanical ventilation,
and hospital case volume (<7, 8-17, 18-33, and >34
cases/4 years). Patient-specific information was submit-
ted as DPC data after anonymization at individual medi-
cal institutions. To examine the impact of patients with
multiple admissions, patient ID information for multiple
admissions in the same hospital during the period was
included as a factor for analysis. All statistical analyses
were performed using the RStudio (version 4.2) software
(R Foundation for Statistical Computing, Vienna, Aus-
tria, http://www.R-project.org). This study followed the
Strengthening the Reporting of Observational Studies in
Epidemiology (STROBE) guidelines.

Results

We identified 17,346 individuals with SAH (F group,
n=10,484; FO group, n=6,397; O group, n=465) at 756
hospitals based on the relevant ICD-10 code (Fig. 1).
The starting time and duration of treatment of fasudil
hydrochloride and ozagrel sodium are shown in Table 1.
These drugs were started on Day 3-5 after onset of SAH,
the frequent period for cerebral vasospasm, and the
treatment duration was 11.31+3.4 days in the F group,
10.1+3.7 days in the FO group, and 7.7+6.7 days in the
O group.

Table 2 summarizes the demographic characteristics
of patients in each group (see Additional file 5, including
the non-administration of fasudil hydrochloride and oza-
grel sodium). The mean age was 63.6 (standard deviation
[SD]: 14.4), 63.0 (SD: 14.4), and 64.4 (SD: 14.8) years in
the F, FO and O groups. The O group had fewer patients
who underwent clipping and a higher ratio of those who
underwent coiling than the F and FO groups (clipping: F
group 60.5%, FO group 57.5%, O group 46.0%; coiling: F
group 38.1%, FO group 40.8%, O group 53.1%, p<0.001).
The mRS scores from before admission did not differ
between the groups. Regarding hospital case volume, the
only notable difference was that the O group tended to
have fewer patients from high-volume centers. Regard-
ing concomitant medication use, fewer patients in the
O group concomitantly used cilostazol (F group, 48.1%;
FO group, 50.2%; O group, 23.2%, p<0.001) and statins
(F group, 37.9%; FO group, 40.0%; O group, 18.3%,
p<0.001), and more used edaravone (F group, 28.2%;
FO group, 34.5%; O group, 41.3%, p<0.001), than in the
other two groups.
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[ Subarachnoid hemorrhage patients in DPC database from April 2016 to March 2020 (n=69,713) J
N
Patients who underwent clipping or coiling and patients who received fasudil hydrochloride or ozagrel
sodium (n=18,442)
J
a . k
Exclusion (n=1,096)
+ <18 years (n=10)
» Patients who died within 24 hours (n=650)
« Day 8 of stroke or later and asymptomatic patients (n=5)
+ Patients with unknown modified Rankin Scale score pre-onset of stroke and at
" discharge (n=187)
+ Patients who did not receive a combination of fasudil hydrochloride and ozagrel
sodium (n=244)
9 P
A4
[ Study patients (n=17,346) }
v
F group FO group O group
(n=10,484) (n=6,397) (n=465)

Fig. 1 Study flowchart. DPC, Diagnosis Procedure Combination; F group, fasudil hydrochloride monotherapy; FO group, fasudil hydrochloride and oza-
grel sodium combination therapy; O group, ozagrel sodium monotherapy

Table 1 Starting time and treatment duration of fasudil hydrochloride and ozagrel sodium

F group FO group O group
Starting time Mean +SD 35425 42425 48459
of treatment (day) Median 30 30 30
Treatment Mean +5SD 11.3£34 10.1+3.7 77+6.7

duration (day) Median 120 110 90
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Table 2 Baseline characteristics of patients in the F, FO, and O groups

F group FO group O group p-value
(n=10,484) (n=6,397) (n=465)
Age, years, mean (SD) 63.6 (14.4) 63.0 (14.4) 64.4(14.8) 0.005
Age group 0.020
<75 years, n (%) 7779 (74.2) 4854 (75.9) 335(72.0)
>75 years, n (%) 2705 (25.8) 1543 (24.1) 130 (28.0)
Sex, n (%) 0.143
Male 3157 (30.1) 1938 (30.3) 160 (34.4)
Female 7327 (69.9) 4459 (69.7) 305 (65.6)
Location of aneurysms, n (%)
ICA 2921 (27.9) 1856 (29.0) 132 (284) 0272
MCA 2456 (23.4) 1412 (22.1) 83(17.8) 0.005
AcomA 2528 (24.1) 1646 (25.7) 113 (24.3) 0.060
PcomA 160 (1.5) 109 (1.7) 13 (2.8) 0.087
BA 397 (3.8) 250(3.9) 0(6.5) 0.015
VA 713 (6.8) 418 (6.5) 43(9.2) 0.078
Other 1578 (15.1) 854 (13.4) 65 (14.0) 0.009
Treatment modality, n (%) <0.001
Clipping 6347 (60.5) 3679 (57.5) 214 (46.0)
Coiling 3997 (38.1) 2611 (40.8) 247 (53.1)
Clipping and coiling 40(1.3) 107 (1.7) 4(0.9)
Ambulance use, n (%) 9069 (86.5) 5593 (87.4) 383 (82.4) 0.005
Days from onset of SAH to admission, n (%) <0.001
<3days 10,155 (96.9) 6248 (97.7) 442 (95.1)
4-7 days 329 (3.1) 149 (2.3) 23 (4.9)
ICU admission, n (%) 4842 (46.2) 2921 (45.7) 216 (46.5) 0.788
Artificial ventilation, n (%) 6359 (60.7) 3928 (614) 243 (52.3) <0.001
Length of hospital stay (SD) 48.1 (46.9) 48.7 (40.0) 454 (39.3) 0.256
Hospital case volume quartiles, cases/4 years, n (%) <0.001
1-7 428 (4.1) 247 (3.9) 35(7.5)
8-17 1278 (12.2) 972(152) 119 (25.6)
18-33 2938 (29.0) 6(23.7) 119 (25.6)
>34 5840 (55.7) 3662 (57.2) 192 (41.3)
JCS score at admission, n (%) 0.248
0 2041(19.5) 1271 (19.9) 104 (22.4)
1-digit code 2897 (27.6) 1768 (27.6) 129 (27.7)
2-digit code 2496 (23.8) 1593 (24.9) 106 (22.8)
3-digit code 3050 (29.1) 1765 (27.6) 126 (27.1)
GCS, n (%) 0.053
15 3788 (36.1) 2308 (36.1) 187 (40.2)
14 614 (5.9) 363 (5.7) 23 (4.9)
13 536 (5.1) 368 (5.8) 23 (4.9
12—-7 3266 (31.2) 2080 (32.5) 135(29.0)
6-3 2280 (21.7) 1278 (20.0) 97 (20.9)
mRS score before onset of stroke, n (%) <0.001
0 7810 (74.5) 4767 (74.5) 320 (68.8)
1 1189 (11.3) 792 (12.4) 74(15.9)
2 431 (4.1) 267 (4.2) 32(6.9)
3 286 (2.7) 138 (2.2) 14 (3.0)
4 310(3.0) 167 (2.6) 6(1.3)
5 458 (4.4) 266 (4.2) 19 (4.1)
Charlson Comorbidity Index, n (%) <0.001
0 6640 (63.3) 4247 (66.4) 310 (66.7)

>1 3844 (36.7) 2150 (33.6) 155(33.3)
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Table 2 (continued)
F group FO group O group p-value
(n=10,484) (n=6,397) (n=465)
Comorbidities, n (%)
Hypertension 5995 (57.2) 3645 (57.0) 287 (61.7) 0.135
Diabetes 1027 (9.8) 607 (9.5) 45(9.7) 0.807
Hyperlipidemia 1237 (11.8) 775(12.1) 43(9.2) 0.176
Cerebral infarction 617 (5.9) 471 (74) 38(8.2) <0.001
Cerebral hemorrhage 341 (3.3) 702.7) 15(3.2) 0.089
Concomitant medication, n (%)
Cilostazol 5041 (48.1) 3209 (50.2) 108 (23.2) <0.001
Statins 3976 (37.9) 2558 (40.0) 85(183) <0.001
Edaravone 2961 (28.2) 2208 (34.5) 192 (41.3) <0.001
Catecholamine 778 (74) 537 (84) 51(11.0) 0.003
Antihypertensive drug 9164 (87.4) 5631 (88.0) 347(74.6) <0.001
Antiplatelet drug 2627 (25.1) 1924 (30.1) 179 (38.5) <0.001

F group: fasudil hydrochloride, FO group: combination of fasudil hydrochloride and ozagrel sodium, O group: ozagrel sodium

AcomA: anterior communicating artery, BA: basilar artery, GCS: Glasgow Coma Scale, ICA: internal carotid artery, ICU: intensive care unit, JCS: Japan Coma Scale,
MCA: middle cerebral artery, mRS: modified Rankin Scale, PcomA: posterior communicating artery, SD: standard deviation, VA: vertebral artery

Concomitant medications: All medications were administered during hospitalization

Antihypertensive drug: Antihypertensive agents (Aspirin, Dipyridamole, Ticlopidine, Clopidogrel and Prasugrel) used for acute treatment after subarachnoid

hemorrhage

The proportion of in-hospital mortality was 6.0% in the
F group, 5.7% in the FO group, and 12.9% in the O group
(p<0.001, Table 3) and, thus, it tended to be higher in the
O group than in the F and FO groups. The proportion
of patients with mRS score<2 at discharge was 52.4% in
the F group, 51.9% in the FO group, and 49.5% in the O
group (p=0.403); although this was not significantly dif-
ferent between the groups, it tended to be lower in the O
group (Table 3).

The results of the multivariable analysis adjusted
for factors considered to have an impact on progno-
sis showed that the adjusted odds ratio (OR) with the F
group as the reference for in-hospital mortality was 0.94
in the FO group (95% confidence interval [CI]: 0.81—
1.08, p=0.355), with no differences compared to the F
group. That for the O group was 2.05 (95%CI: 1.50-2.80,
»<0.001) and tended to be higher in the O group com-
pared to that in the F group (Table 4). The adjusted OR
for the proportion of mRS score<2 at discharge was 0.93
in the FO group (95% CI: 0.86—1.00, p=0.054). That for
the O group was 0.95 (95% CI: 0.76-1.18, p=0.625) and
tended to be lower in the O group compared to that in
the F group (Table 5).

Patients who underwent both clipping and coiling were
excluded.

Subgroup analyses were performed to assess whether
age and treatment procedures affect clinical outcomes
after SAH (Tables 3 and 6; see Additional files 6 and 7).
We also performed subgroup analyses for cilostazol
to investigate the impact of concomitant medications
(Tables 3 and 6; see Additional file 8). With regard to in-
hospital mortality, the adjusted OR for ages<75 years

was 0.87 in the FO group (95% CI: 0.73-1.04, p=0.133)
and 2.25 in the O group (95% CI: 1.53-3.31, p<0.001)
and for ages>75 years was 1.02 in the FO group (95% CI:
0.81-1.29, p=0.839) and 1.67 in the O group (95% CL:
0.97-2.86, p=0.065). With regard to the proportion of
patients with mRS score<2 at discharge, the adjusted OR
for ages<75 years was 0.92 (95% CI: 0.84-1.00, p=0.047)
and 1.07 (95% CI: 0.82-1.39, p=0.622) and for ages>75
years was 0.95 (95% CI: 0.81-1.11, p=0.506) and 0.63
(95% CI: 0.39-1.03, p=0.064) in the FO and O groups,
respectively. Therefore, the results obtained for each age
subgroup were similar to the overall results.

For the subgroup analysis based on treatment pro-
cedures, the adjusted OR for in-hospital mortality for
clipping was 1.04 in the FO group (95% CI: 0.86-1.26,
p=0.686) and 1.11 in the O group (95% CIL: 0.61-2.04,
p=0.731) and for coiling was 0.83 in the FO group (95%
CI: 0.67-1.03, p=0.084) and 2.75 in the O group (95%
CI: 1.86-4.06, p<0.001). Regarding the proportion of
patients with mRS score<2 at discharge, the adjusted
OR for clipping was 0.95 (95% CI: 0.86—1.04, p=0.260)
and 1.08 (95% CI: 0.78-1.49, p=0.652) and for coiling
was 0.92 (95% CI: 0.81-1.03, p=0.160) and 0.82 (95%
CI: 0.60—-1.11, p=0.202) in the FO and O groups, respec-
tively. Therefore, the in-hospital mortality when coiling
was used as the treatment procedure was greater than
that of clipping.

For the subgroup analysis based on concomitant medi-
cation of cilostazol, the adjusted OR for in-hospital
mortality for concomitant medication of cilostazol was
1.13 in the FO group (95% CI: 0.90-1.43, p=0.290) and
1.85 in the O group (95% CI: 0.84—4.04, 0.124) and for
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Table 3 Crude outcomes in the F, FO, and O groups

F group FO group O group p-value
All,N 10,484 6,397 465
In-hospital mortality, n (%) 626 (6.0) 366 (5.7) 60 (12.9) <0.001
mRS score < 2 at discharge, n (%) 5,496 (52.4) 3,320 (51.9) 230 (49.5) 0.403
Age <75 years
N 7,779 4,854 335
In-hospital mortality, n (%) 378 (4.9) 226 (4.7) 41(12.2) <0.001
mRS score < 2 at discharge, n (%) 4,810 (61.8) 2,915 (60.1) 206 (61.5) 0.135
Age =75 years
N 2,705 1,543 130
In-hospital mortality, n (%) 248 (9.2) 140 (9.1) 19 (14.6) 0.105
mRS score <2 at discharge, n (%) 686 (25.4) 405 (26.2) 24 (18.5) 0.144
Clipping procedure subgroup
N 6,347 3,679 214
In-hospital mortality, n (%) 328 (5.2) 197 (5.4) 13(6.1) 0.795
mRS score <2 at discharge, n (%) 3,299 (52.0) 1,887 (51.3) 105 (49.1) 0.597
Coiling procedure subgroup
N 3,997 2,611 247
In-hospital mortality, n (%) 289 (7.2) 164 (6.3) 47 (19.0) <0.001
mRS score <2 at discharge, n (%) 2134 (534) 1384 (53.0) 123 (49.8) 0.542
Concomitant medication of cilostazol
N 5041 3209 108
In-hospital mortality, n (%) 204 (4.0) 143 (4.5) 8(74) 0.174
mRS score <2 at discharge, n (%) 2782 (55.2) 1774 (55.3) 58(53.7) 0.948
Non-concomitant medication of cilostazol
N 5443 3188 357
In-hospital mortality, n (%) 422 (7.8) 223 (7.0) 52 (14.6) <0.001
mRS score <2 at discharge, n (%) 2714 (49.9) 1546 (48.5) 172 (48.2) 0.428

F group: fasudil hydrochloride, FO group: combination of fasudil hydrochloride and ozagrel sodium, O group: ozagrel sodium

mRS: modified Rankin Scale

non-concomitant medication of cilostazol, it was 0.85 in
the FO group (95% CI: 0.71-1.02, p=0.075) and 1.98 in
the O group (95% CI: 1.39-2.81, p<0.001). For the pro-
portion of patients with an mRS score<2 at discharge,
the adjusted OR for concomitant medication of cilostazol
was 0.99 (95% CI: 0.89-1.11, p=0.887) and 1.00 (95%
CI: 0.63-1.60, p=0.996), and that for non-concomitant
medication of cilostazol was 0.84 (95% CI: 0.75-0.93,
p=0.001) and 0.92 (95% CIL: 0.70-1.20, p=0.539) in the
FO and O groups, respectively. Therefore, the in-hospital
mortality when cilostazol was not used as the concomi-
tant medication was greater than that when the concomi-
tant medication was cilostazol.

Discussion

This cross-sectional study involved 17,346 patients with
aSAH who underwent clipping or coiling procedures and
subsequently received fasudil hydrochloride (F group),
ozagrel sodium (O group), or a combination of both (FO
group). The primary endpoint of in-hospital mortality
and the secondary endpoint of mRS<2 at discharge did
not differ between the F group and the FO group. This
finding was like that reported by Suzuki et al. [10], that

the combination of fasudil hydrochloride and ozagrel
sodium was well tolerated but did not provide superior
efficacy to that of fasudil monotherapy.

When comparing the FO and O groups, no difference
was found in the proportion of mRS<2 at discharge.
However, in-hospital mortality tended to decrease in the
FO group. Using symptomatic cerebral vasospasm and
low-density areas in the brain as indicators, Nakashima
et al. reported a comparative study of ozagrel sodium
monotherapy and ozagrel sodium and fasudil hydrochlo-
ride combination therapy [11]. In this report, it is consid-
ered that the combination therapy of ozagrel sodium and
fasudil hydrochloride is more effective than using only
ozagrel sodium in treating patients at risk of vasospasm
after aneurysmal subarachnoid hemorrhage. Despite
the different outcome measures, our results suggest that
the combination of ozagrel sodium and fasudil hydro-
chloride has a prognostic impact compared with ozagrel
monotherapy.

The main pharmacological effect of fasudil hydro-
chloride is vasodilation due to the inhibition of rho
kinase; ozagrel sodium primarily inhibits platelet aggre-
gation and vascular smooth muscle contraction due
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Table 4 Effect of treatment drugs on in-hospital mortality of patients with subarachnoid hemorrhage—univariable and multivariable
analysis results

Univariable analysis Multivariable analysis
Odds ratio 95% Cl p-value Odds ratio 95% Cl p-value

In-hospital mortality F group Reference Reference

FO group 095 083-1.08 0424 094 081-1.08 0355

O group 233 1.76-3.10  <0.001 2.05 1.50-280  <0.001
Age <75 years Reference Reference

>75 years 1.96 1.72-223 <0001 2.00 1.74-231 <0001
Sex Male Reference

Female 0.93 0.82-1.07 0313 0.84 0.73-097  0.021
Treatment modality Clipping Reference Reference

Coiling 141 1.24-1.59 <0.001 1.31 1.11-1.53 <0.001

Clipping and coiling 1.12 0.66-189  0.686 1.04 0.59-183  0.880
Starting time of treatment Day 1 Reference Reference

Day 2 0.56 0.43-0.73 <0.001 0.65 049-0.87  0.004

Day 3 043 032-0.56  <0.001 0.52 038-0.70  <0.001

Day=>4 051 0.39-0.67 <0.001 0.51 0.38-0.69 <0.001
Ambulance use 1.84 147-2.32 <0.001 1.19 093-152  0.158
Time between SAH and admission Under 3 days Reference Reference

4-7 days 0.46 0.26-0.75 0.004 0.74 043-1.27 0281
ICU admission 1.06 093-1.20 0388 093 081-1.06 0271
Artificial ventilation 6.14 5.05-754  <0.001 4.46 361-551 <0.001
Hospital case volume quartiles, case/4 years 1-7 Reference Reference

8-17 0.85 062-1.15 0284 0.74 053-1.02  0.067

18-33 0.66 049-0.88  0.005 0.56 041-0.77 <0.001

>34 0.65 0.50-0.86  0.002 0.50 0.37-0.67 <0.001
JCS score at admission 0 Reference

1-digit code 151 1.16-1.97  0.002 1.30 099-1.72  0.058

2-digit code 2.06 1.58-267  <0.001 149 1.13-1.96  0.004

3-digit code 5.72 453-724  <0.001 3.15 2.45-4.05 <0.001
mRS score at admission 0 Reference Reference

1 1.09 090-1.33 0371 0.96 0.78-1.18  0.688

2 1.05 0.77-1.45 0.744 1.00 0.72-140 0997

3 1.46 1.03-2.08  0.036 1.38 0.95-200  0.096

4 143 1.02-201  0.038 131 091-1.87  0.143

5 245 1.95-3.07 <0.001 149 1.17-1.89  0.001
Comorbidities
Charlson Comorbidity Index >1 1.06 093-121 0356 0.96 083-1.12 0614
Hypertension 0.71 0.63-0.81 <0.001 0.71 0.63-0.81 <0.001
Diabetes 1.17 095-142  0.125 1.12 090-1.39 0322
Hyperlipidemia 0.69 0.55-0.85 0.001 1.06 0.84-134  0.608
Cerebral infarction 0.86 0.66-1.12 0277 0.90 0.68-1.20  0.468
Cerebral hemorrhage 233 1.78-3.02  <0.001 143 1.07-1.90 0016

F group: fasudil hydrochloride, FO group: combination of fasudil hydrochloride and ozagrel sodium, O group: ozagrel sodium
Cl: confidence interval, ICU: intensive care unit, JCS: Japan Coma Scale, mRS: modified Rankin Scale, SAH: subarachnoid hemorrhage
F group values were used for reference

Multivariable factors for analysis: age, sex, treatment procedure for SAH, Japan Coma Scale score on admission, mRS score before onset of stroke, days from onset
of subarachnoid hemorrhage to admission, starting time of treatment, ambulance use, Charlson Comorbidity Index, presence of comorbidities, concomitant
medications, use of a specific intensive care unit, use of mechanical ventilation, and hospital case volume

to the inhibition of thromboxane synthase. In dogs, 1is not involved in maintaining the chronic phase of cere-
fasudil hydrochloride, but not ozagrel sodium, has been  bral vasospasm after SAH and that protein kinases, par-
reported to markedly ameliorate arterial stenosis dur- ticularly myosin light chain kinase and protein kinase
ing the chronic phase of cerebral vasospasm [21]. These C, are involved in the pathology of arterial stenosis dur-
findings suggest that thromboxane A2 synthase (TXA2) ing the chronic phase of cerebral vasospasm [21]. The



Magara et al. Journal of Pharmaceutical Health Care and Sciences (2024) 10:49 Page 9 of 13

Table 5 Effects of treatment drugs on good clinical outcome (MRS score <2 at discharge) among patients with subarachnoid

hemorrhage—univariable and multivariable analysis results

Univariable analysis Multivariable analysis
Odds ratio 95% Cl p-value Odds ratio 95% Cl p-value

mRS score <2 at discharge F group Reference Reference

FO group 098 092-1.04 0484 093 086-1.00  0.054

O group 0.89 0.74-107 0211 0.95 076-1.18  0.625
Age <75 years Reference Reference

>75 years 0.22 020-023  <0.001 0.18 0.17-020  <0.001
Sex Male Reference Reference

Female 0.78 0.73-0.83 <0.001 1.06 0.98-1.15 0117
Treatment modality Clipping Reference Reference

Coiling 1.06 1.00-1.13 0.050 1.14 1.05-1.25 0.003

Clipping and coiling 0.79 062-101  0.062 0.75 0.56-1.00  0.052
Starting time of treatment Day 1 Reference Reference

Day 2 1.08 092-1.27 0361 113 093-138 0213

Day 3 1.03 088-1.22  0.695 1.08 089-1.32 0438

Day=>4 0.80 0.68-094  0.006 0.89 0.73-1.08  0.241
Ambulance use 047 042-0.51 <0.001 0.71 0.64-0.80 <0.001
Time between SAH and admission Under 3 days Reference Reference

4-7 days 1.75 1.46-2.11 <0.001 0.97 0.78-1.20  0.757
ICU admission 095 090-1.01  0.091 0.99 092-1.06 0770
Artificial ventilation 0.36 033-038  <0.001 049 046-0.53  <0.001
Hospital case volume quartiles, case/4 years 1-7 Reference Reference

8-17 1.14 0.97-1.35 0117 138 1.13-1.69  0.001

18-33 1.24 1.05-1.45 0.008 1.52 1.26-1.83 <0.001

>34 1.16 1.00-1.35 0.053 1.55 1.29-1.85 <0.001
JCS score at admission 0 Reference Reference

1-digit code 047 043-0.52 <0.001 0.55 0.49-0.61 <0.001

2-digit code 032 029-035  <0.001 040 036-045  <0.001

3-digit code 0.11 0.10-0.12  <0.001 0.14 0.13-0.16  <0.001
mRS score at admission 0 Reference

1 0.72 066-0.79  <0.001 0.90 080-1.00  0.054

2 0.64 0.55-0.75 <0.001 0.70 0.59-0.84 <0.001

3 0.40 0.33-0.49 <0.001 043 0.34-0.55 <0.001

4 0.53 044-064  <0.001 0.63 0.50-0.77  <0.001

5 0.28 024-034  <0.001 044 0.37-0.54 <0.001
Comorbidities
Charlson Comorbidity Index >1 0.86 0.81-092  <0.001 1.01 093-109  0.846
Hypertension 1.05 0.99-1.11 0117 1.08 1.00-1.15 0.042
Diabetes 0.59 0.53-065  <0.001 061 054-0.70  <0.001
Hyperlipidemia 137 1.25-1.51 <0.001 1.14 1.02-1.28  0.019
Cerebral infarction 1.10 098-1.24 0121 1.13 0.97-1.31 0.105
Cerebral hemorrhage 0.31 0.25-038  <0.001 048 038-060  <0.001

F group: fasudil hydrochloride, FO group: combination of fasudil hydrochloride and

ozagrel sodium, O group: ozagrel sodium

Cl: confidence interval, ICU: intensive care unit, JCS: Japan Coma Scale, mRS: modified Rankin Scale, SAH: subarachnoid hemorrhage

F group values were used for reference

Multivariable factors for analysis: age, sex, treatment procedure for SAH, Japan Coma Scale score on admission, mRS score before onset of stroke, days from onset
of subarachnoid hemorrhage to admission, starting time of treatment, ambulance use, Charlson Comorbidity Index, presence of comorbidities, concomitant

medications, use of a specific intensive care unit, use of mechanical ventilation, and

cytoprotective effects of fasudil hydrochloride on delayed
neuronal death in gerbil hippocampi were compared
with those of nimodipine, a calcium channel blocker, and
ozagrel sodium, a TXA?2 inhibitor; in the study, fasudil
hydrochloride significantly reduced the loss of nerve cells

hospital case volume

in the ischemic control group, whereas nimodipine and
ozagrel sodium did not [22]. These results suggest that
ozagrel sodium exerts a synergistic effect by inhibiting
the contraction of vascular smooth muscle and arterial
stenosis in the chronic phase of cerebral vasospasm is
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Table 6 Effects of treatment drugs on in-hospital mortality or good clinical outcome (mRS score < 2 at discharge) among patients
with subarachnoid hemorrhage—multivariable analysis subgroup (age, treatment procedure, and concomitant medication of
cilostazol) results

<75years 275 years
Odds ratio 95% Cl p-value Odds ratio 95% Cl p-value
In-hospital mortality F group Reference Reference
FO group 0.87 0.73-1.04 0.133 1.02 0.81-1.29 0.839
O group 2.25 1.53-3.31 <0.001 1.67 0.97-2.86 0.065
mRS score <2 at discharge F group Reference Reference
FO group 092 0.84-1.00 0.047 0.95 0.81-1.11 0.506
O group 1.07 0.82-1.39 0.622 0.63 0.39-1.03 0.064
Clipping Coiling
Odds ratio 95% Cl p-value Odds ratio 95% Cl p-value
In-hospital mortality F group Reference Reference
FO group 1.04 0.86-1.26 0.686 0.83 0.67-1.03 0.084
O group 1.1 0.61-2.04 0.731 2.75 1.86-4.06 <0.001
mRS score <2 at discharge F group Reference Reference
FO group 0.95 0.86-1.04 0.260 0.92 0.81-1.03 0.160
O group 1.08 0.78-1.49 0.652 0.82 0.60-1.11 0.202
Concomitant medication of cilostazol Non-concomitant medication of cilostazol
Odds ratio 95% Cl p-value Odds ratio 95% Cl p-value
In-hospital mortality F group Reference Reference
FO group 1.13 0.90-143 0.290 0.85 0.71-1.02 0.075
O group 1.85 0.84-4.04 0.124 1.98 1.39-2.81 <0.001
mRS score <2 at discharge F group Reference Reference
FO group 0.99 0.89-1.11 0.887 0.84 0.75-0.93 0.001
O group 1.00 0.63-1.60 0.996 0.92 0.70-1.20 0539

F group: fasudil hydrochloride, FO group: combination of fasudil hydrochloride and ozagrel sodium, O group: ozagrel sodium
Cl: confidence interval, mRS: modified Rankin Scale, SAH: subarachnoid hemorrhage
F group data were used for reference

Multivariable factors for subgroup analysis by age: sex, treatment procedure for SAH (clipping, coiling), Japan Coma Scale score on admission, mRS score before
onset of stroke, days from onset of subarachnoid hemorrhage to admission (within the 3rd day of onset, within the 4th day of onset to the 7th day of onset), starting
time of treatment, ambulance use, Charlson Comorbidity Index (0, > 1), presence of comorbidities (hypertension, diabetes mellitus, dyslipidemia, cerebral infarction,
cerebral hemorrhage), concomitant medications (cilostazol, statins, edaravone, antihypertensive drug, antiplatelet drug), use of a specific intensive care unit, use of
mechanical ventilation, and hospital case volume

Multivariable factors for subgroup analysis by treatment procedure: sex, age, Japan Coma Scale score on admission, mRS score before onset of stroke, days from onset
of subarachnoid hemorrhage to admission (within the 3rd day of onset, within the 4th day of onset to the 7th day of onset), starting time of treatment, ambulance
use, Charlson Comorbidity Index (0, 1), presence of comorbidities (hypertension, diabetes mellitus, dyslipidemia, cerebral infarction, cerebral hemorrhage),
concomitant medications (cilostazol, statins, edaravone, antihypertensive drug, antiplatelet drug), use of a specific intensive care unit, use of mechanical ventilation
and hospital case volume

Multivariable factors for subgroup analysis by concomitant medication of cilostazol: sex, age, treatment procedure for SAH (clipping, coiling), Japan Coma Scale
score on admission, mRS score before onset of stroke, days from onset of subarachnoid hemorrhage to admission (within the 3rd day of onset, within the 4th day
of onset to the 7th day of onset), starting time of treatment, ambulance use, Charlson Comorbidity Index (0, > 1), presence of comorbidities (hypertension, diabetes
mellitus, dyslipidemia, cerebral infarction, cerebral hemorrhage), concomitant medications (statins, edaravone, antihypertensive drug, antiplatelet drug), use of a
specific intensive care unit, use of mechanical ventilation and hospital case volume

inhibited by concomitant fasudil hydrochloride adminis-
tration. Moreover, when comparing the F group and the
O group, in-hospital mortality tended to be higher in the
O group, and the proportion of discharge mRS<2 tended
to be lower in the O group. The proportion of patients
without moderate and severe cerebral vasospasm after
single-agent fasudil hydrochloride administration was
62% [6], and the proportion of patients without symp-
tomatic cerebral vasospasm after single-agent oza-
grel sodium administration was reported to be 54% [7].
However, there were no reports of direct comparisons
between fasudil hydrochloride monotherapy and ozagrel

sodium monotherapy, suggesting that the prognostic
impact of both drugs should be further investigated.

As shown in Table 1, the starting time of treatment
tended to be slightly later in the FO and O groups than in
the F group. Therefore, the multivariate analysis was per-
formed by incorporating the starting time of treatment as
a multivariate analysis factor, and there was no effect on
worse prognosis for small differences in the starting time
of treatment.

Notably, a reminder statement regarding the risk of
cerebral hemorrhage is provided in the “Important Pre-
cautions” section of the package insert for both fasudil
hydrochloride and ozagrel sodium. Consequently, we
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evaluated cerebral hemorrhage as an event occurring
during hospitalization, and its incidence was not signifi-
cantly different between the three groups.

In the present study, we conducted a subgroup analysis
to investigate the effects of age; our findings showed that
mortality was higher and the proportion of mRS score<2
was lower in the =75-year group than in the <75-year
group. Age has also been reported to be an independent
risk factor for poor functional outcomes due to aneurysm
rupture [23], and differences in functional outcomes at
discharge have been shown between non-elderly and
elderly groups [16]. Although the effect of treatment with
cerebral vasospastic agents on in-hospital mortality did
not differ between the <75-year and >=75-year groups,
the results of the present study are consistent with those
of these previous studies. As the in-hospital mortality
OR in the ozagrel sodium group was greater for ages<75
years than that for ages>75 years, combination therapy
with ozagrel sodium and fasudil hydrochloride, rather
than ozagrel monotherapy, should be considered more
appropriate for patients aged <75 years.

This study showed that coiling was performed more
often in the O group than in the other groups (Table 3),
and subgroup analysis revealed that clipping had a bet-
ter effect on clinical outcomes than coiling, which was
also one of the factors associated with a higher in-hos-
pital mortality. Kurogi et al. reported that patients with
ruptured aneurysms who received coiling as a rebleed-
ing prevention procedure showed a significantly higher
proportion of in-hospital mortality than patients who
received clipping (coiling, 12.4% vs. clipping, 8.7%; OR,
1.3) [24]. Similar to the report by Kurogi et al., the higher
proportion of coiling procedures in the O group was con-
sidered a factor associated with higher proportion of in-
hospital mortality.

This study showed that for the aneurysm location, the
ratio of posterior circulation was higher in the O group
(basilar artery: F group 3.8%, FO group 3.9%, O group
6.5%; vertebral artery: F group 6.8%, FO group 6.5%, O
group 9.2%, Table 2). In accordance with these results,
Gottsche et al. reported that patients with an aneurysm
of the posterior circulation had a worse functional out-
come than those with an anterior circulation aneurysm
[25]. We also showed that the O group had a lower per-
centage of individuals with a high case volume (hospital
case volume quartiles, cases/4 years: F group 55.7%, FO
group 57.2%, O group 41.3%, Table 2). Correspondingly,
Kurogi et al. reported that in patients who underwent
coiling, a high case volume (>9 cases/year) was associ-
ated with reduced in-hospital mortality and short-term
adverse outcomes [26]. Therefore, aneurysm location
and hospital case volume were considered to be factors
associated with the higher in-hospital mortality in the O

group.
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In addition to fasudil hydrochloride and ozagrel
sodium, various other drugs have been used to treat cere-
bral vasospasm [2].

This study showed that the concomitant use of cilo-
stazol, an antiplatelet agent, was lower in the O group
than in the F and the FO groups (F group 48.1%, FO
group 50.2%, O group 23.2%, Table 2). For the results
of subgroup analysis, the effect on in-hospital mortality
was also greater in the absence of cilostazol than in the
presence of cilostazol in the treatment procedure (OR of
in-hospital mortality in the O group: concomitant medi-
cation of cilostazol 1.85, non-concomitant medication of
cilostazol 1.98, Table 6). In accordance with these find-
ings, a systematic review examining the effects of cilo-
stazol on cerebral vasospasm showed significantly lower
incidences of symptomatic cerebral vasospasm, severe
cerebral vasospasm, cerebral infarction, and unfavor-
able outcomes in patients who received cilostazol than
in those who did not [27]. Therefore, the low ratio of the
concomitant use of cilostazol in the O group was consid-
ered one of the contributing factors for the high propor-
tion of in-hospital mortality in the O group.

Our results also indicate that the use of statins was
lower in the O group than in the F and FO groups. A
systematic review examining the effects of statins on
cerebral vasospasm indicated that statins reduce the
incidence of delayed ischemic neurological deficits due
to cerebral vasospasm, but do not significantly improve
functional outcomes [28]. Therefore, further investiga-
tions are required to elucidate the effects of concomi-
tant statins on the proportion of in-hospital mortality in
patients with SAH.

This study has several limitations. First, in the sub-
group analysis to examine the effects of age and treat-
ment procedure, in-hospital mortality and proportion
of mRS<2 at discharge in the subgroups were similar to
those in the overall analysis. However, in the O group,
the adjusted OR was higher in the <75-year subgroup
and the coiling subgroup, and further studies are deemed
necessary to clarify these trends. Second, the DPC data-
base comprises data from during the hospital stay. Thus,
we were unable to assess long-term outcomes after dis-
charge and adopted the mRS score at discharge as an
endpoint. Third, the DPC database does not include the
Hunt-Hess scale and World Federation of Neurological
Surgeons grade data, which are indicative of the severity
of SAH. Therefore, SAH severity was adjusted accord-
ing to the JCS score. Fourth, the DPC database does not
include information regarding the presence or absence
of cerebral vasospasm; consequently, efficacy in treating
cerebral vasospasm could not be evaluated. As fasudil
hydrochloride and ozagrel sodium are therapeutic agents
for cerebral vasospasm, a more detailed discussion may
be possible by evaluating its incidence. Fifth, the inability
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of the DPC database to capture patients’ multiple-hos-
pital visits limits the adequate collection of data on con-
comitant medications and comorbidities. Lastly, as the
DPC database covers many stroke treatment hospitals in
Japan, our findings can be generalized to Japanese institu-
tions. However, nimodipine use has become the standard
of care in most countries in the USA and EU. Therefore,
our findings may not be generalizable to these or other
countries with distinct healthcare resources and systems.

Conclusions

Fasudil hydrochloride and ozagrel sodium had different
mechanisms of action, suggesting a synergistic effect of
combination therapy. However, a comparison of fasudil
hydrochloride monotherapy and combination therapy
of fasudil hydrochloride and ozagrel sodium showed no
difference in the prognostic effect. Therefore, it was sug-
gested that fasudil hydrochloride monotherapy may be
sufficient. Future studies should be conducted to further
investigate the therapeutic effects of ozagrel sodium and
fasudil hydrochloride alone, in combination, or com-
bined with other agents.

Abbreviations
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