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Objective : Rapid dissolution of blood clots reduces vasospasm and hydrocephalus after subarachnoid hemorrhage (SAH), and locally
administered fibrinolytic drugs (LAFDs) could facilitate the dissolution. However, the efficacy of LAFDs remains controversial. The aim of
this meta-analysis was to determine the efficacy of LAFDs for vasospasm and hydrocephalus and in clinical outcomes.

Methods : From PubMed, EMBASE, and Cochrane database, data were extracted by two authors. Meta-analysis was performed using a
random effect model. Inclusion criteria were patients who had LAFDs with urokinase-type or recombinant tissue-plasminogen activator
after SAH in comparison with medically untreated patients with fibrinolytic drugs. We only included randomized controlled trials (RCTs)
in this analysis. The outcomes of interest were vasospasm, hydrocephalus, mortality, and 90-day unfavorable functional outcome.

Results : Data from eight RCTs with 550 patients were included. Pooled-analysis revealed that the LAFDs were significantly associated
with lower rates of vasospasm (LAFDs group vs. control group, 26.5% vs. 39.2%; odds ratio [OR], 0.48; 95% confidence interval [Cl], 0.32—
0.73); hydrocephalus (LAFDs group vs. control group, 26.0% vs. 31.6%; OR, 0.54; 95% Cl, 0.32-0.91); and mortality (LAFDs group vs. control
group, 10.5% vs. 15.7%; OR, 0.58; 95% Cl, 0.34-0.99). The proportion of 90-day unfavorable outcomes was lower in the LAFDs group (LAFDs
group vs. control group, 32.7% vs. 43.5%; OR, 0.55; 95% Cl, 0.37-0.80).

Conclusion : This meta-analysis with eight RCTs indicated that LAFDs were significantly associated with lower rates of vasospasm and
hydrocephalus after SAH. Thus, LAFDs could consequently reduce mortality and improve clinical outcome after SAH.
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INTRODUCTION plications including cerebral vasospasm and hydrocephalus
are documented as significant risk factors of poor clinical out-

Aneurysmal subarachnoid hemorrhage (SAH) can cause comes after SAH”. Thus, vasospasm and hydrocephalus are
disability and has a 30-40% mortality rate”. Secondary com- major concerns regarding prevention of secondary morbidity
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and mortality.

The clot volume of the intraventricular and intracisternal
hemorrhage after aneurysm rupture has been suggested as an
independent risk factor for predicting the occurrence of vaso-
spasm and hydrocephalus’”. Moreover, rapid clot clearance
rate is considered to play an important role in reducing the in-
cidence of vasospasm and hydrocephalus. Plasminogen acti-
vator induces the formation of fibrin degradation products by
converting plasminogen to plasmin and contributes to the
thrombolytic process™. Representative fibrinolytic drugs such
as recombinant tissue-plasminogen activator (rt-PA) and uro-
kinase-type plasminogen activator (UK) can be administered
locally to accelerate clot clearance via extraventricular drain-
age (EVD) or intrathecal catheter. Although many studies
have assessed the preventive efficacy of locally administered
fibrinolytic drugs (LAFDs) for vasospasm and hydrocephalus,

3,6,7,9,14,17,19,31 .
. Previously pub-

the results are not yet conclusive
lished meta-analyses for LAFDs also show limited evidence
1,26)

. Therefore, the

aims of this study were to determine the effectiveness of

because of inclusion of observational studies

LAFDs by performing a meta-analysis that only included ran-
domized controlled trials (RCTs).

MATERIALS AND METHODS

A study of this type, such as meta-analysis, does not require
informed consent or Institutional Review Board’s approval.
The authors applied a protocol designed prior to the study that
was in accordance with the Preferred Reporting Items for Sys-
tematic Reviews and Meta-analysis (PRISMA) guidelines
(Supplementary Table 1).

Data sources and searches

Two independent investigators (coauthors on this study)
searched PubMed, EMBASE, the Cochrane Central Register
of Controlled Trials, and relevant web sites using phased and
concrete search terms (Supplementary Method 1). The elec-
tronic search strategy was complemented by a manual screen-
ing of references cited in the included articles such as recent
reviews, editorials, and meta-analyses. There were no restric-

tions on the language of publication, study period, or sample size.
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Eligibility criteria and study selection

The goals of the search were to identify articles that met the
following inclusion criteria : 1) prospective study design,
namely RCTs (with or without blinding); 2) participants with
ruptured aneurysmal SAH and treated with endovascular
coiling or conventional clipping; 3) trials with administration
of LAFDs, including rt-PA or UK, after aneurysmal repair;
4) injection administrations via intraventricular, intracister-
nal, intrathecal routes; and 5) a medically untreated group
with fibrinolytic drugs as the control. We excluded studies
based on the following criteria : 1) those with a retrospective
study design including observational, case-control, cohort
study, case series, or reports; 2) those with participants having
non-aneurysmal SAH or intracerebral hemorrhage; 3) trials
involving patients with local administration of a drug other
than rt-PA or UK; 4) those with intravenous route of adminis-
tration; and 5) those with control groups comprising subjects
with local administration of another drug other than rt-PA or
UK. Two investigators independently screened the titles and
abstracts, identified duplicates, reviewed full articles, and de-
termined their eligibility. In the event of discrepancy between
the reviewers, consensus was established through discussion

with the corresponding author.

Data extraction and quality assessment

Data were obtained independently in duplicate by two in-
vestigators. A standardized form was utilized to extract study
characteristics, study design, sample size, age, sex, and severity
index that was (calculated based on the World Federation of
Neurosurgical Societies score). In the case of studies using
other grading systems such as the Glasgow coma scale, and
Hunt-Hess grade, the investigators converted the data to com-
ply with the World Federation of Neurosurgical Societies score
considered to be most similar”. In addition, the authors re-
corded the Fisher’s grade, the surgical procedure of aneurys-
mal repair involving clipping or coiling, and any intervention
protocol including type, dose, route, and duration of the ad-
ministered drugs.

The authors established the outcomes including the inci-
dence of vasospasm and hydrocephalus, all-cause mortality
during hospital day (mortality), and poor clinical outcome at
postictal 90 days (unfavorable outcome). In this study, we de-
fined vasospasm as narrowing of any large vessel diameter by
>30% from the baseline, on digital subtraction angiography



and computed tomography”, and hydrocephalus as a perma-
nent shunt insertion in a patient with symptoms of neurologic
deteriorations including alteration of consciousness, motor
deficit, and gait disturbance™. The unfavorable outcome was
defined as Glasgow outcome scale of 1-3 and/or modified
Rankin score of 3—6”.

The quality of eligible studies was assessed using the Co-
chrane Collaboration’s tool for assessing the risk of bias (RoB)
for RCTs using the Review Manager (RevMan version 5.3
software; The Cochrane Collaboration, Oxford, UK). The two
authors assessed the study quality through RoB criteria in-
cluding selection, performance, detection, attrition, reporting,

and other biases.

Data synthesis

Statistical analysis was performed using Review Manager
and STATA/SE 15.0 (Stata Corp LP, College Station, TX,
USA). The outcomes including vasospasm, hydrocephalus,
mortality, and unfavorable outcome at 90 days were analyzed
using the random effect model with generic inverse variance
method, and were presented with the odds ratio (OR) and
95% confidence interval (CI) as a summary statistic. We ex-
cluded data presented as medians with interquartile range and
those that did not report the standard deviation values. Sub-
group analyses were conducted to explore the confounder of a
different type or route of administered drugs. The type con-
sisted of rt-PA and UK, while the route was divided into EVD
or intrathecal administration.

Statistical heterogeneity was estimated using the I’ statistic,
which measures the degree of inconsistency across studies in a
meta-analysis. I <25%, <50%, and >75% were considered to
indicate low, moderate, and severe heterogeneity, respectively.
The authors investigated publication bias by funnel plot asym-
metry and Egger’s and Begg’s tests. When visual asymmetry of
the funnel plot was suspected, the trim-and-fill method was
used to estimate an adjusted OR. Two-sided p-values <0.05
were considered to indicate statistical significance.

RESULTS

Search results
From the initial 636 candidate articles, 355 duplicated arti-

cles were excluded. Among the 281 remaining articles, 34 arti-
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cles were extracted for full article review. Finally, eight articles
that enrolled 550 patients met the inclusion criteria (Fig. 1).
The context of excluded articles is summarized in the Supple-
mentary Method 2. All eight articles reported vasospasm,
mortality, and unfavorable outcome, while hydrocephalus was
only documented in six. Intervention was carried out by rt-PA
administration in six and UK in two articles. In respect of ad-
ministration route, four studies performed the injection
through the EVD, and the other four adopted intrathecal
route. The major characteristics of the eight individual articles

are summarized in Table 1.

RoB of included studies

The RoB assessment of RCTs is presented in an organized
table (Fig. 2). Among the eight RCTs, two clearly specified the
method of random sequence generation and allocation con-
cealment, including computerized software and use of sealed
envelope. While the remaining six RCTs conducted random-
ization, they lacked a complete and adequate statement re-
garding concealment. Although these RCTs represented an
unclear RoB, the endpoints of this study, objective findings,
and the measurement of outcomes were unlikely to be influ-
enced by the blinding. Only one study with a high RoB with
respect to attrition and reporting bias was reported. Other
than these two items, no high RoB was observed in any of the
other studies. Supplementary Table 2 presents concrete sup-

port for judgment of RoB criteria.

Comparison of vasospasm and hydrocephalus

The conducted rates of vasospasm incidence in the pooled
analysis were 26.5% in LAFDs group and 39.2% in control
group. Integrating the results of all eight RCTs showed that
the LAFDs was significantly associated with a reduced risk of
vasospasm without obvious heterogeneity (pooled OR, 0.48;
95% CI, 0.32-0.73; p=0.366; I’=0.0%) (Fig. 3A). Distinct pub-
lication bias was not identified, supported by visual symmetry
of the funnel plot and the Egger’s and Beggs tests (Supplemen-
tary Fig. 1A).

The rates of incidence for hydrocephalus in the pooled
analysis was 26.0% in LAFDs group and 31.6% in control
group. Combined results of all eight RCTs showed that the
LAFDs were significantly associated with lower rates of hy-
drocephalus (pooled OR, 0.54; 95% CI, 0.32—0.91; p=0.441;
1’=0.0%) (Fig. 3B). The authors detected visual asymmetry in
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Fig. 1. Flow diagram for the selection of relevant studies.

the funnel plot and applied the trim-and-fill correction (Sup-
plementary Fig. 1B). In comparison to the pooled OR, the ad-
justed OR showed no obvious heterogeneity (adjusted OR,
0.51; p=0.392).

Comparison of mortality and unfavorable outcome

The observed rates of mortality in pooled analysis were
10.5% in LAFDs group and 15.7% in control group. A pair-
wise meta-analysis with eight RCTs showed that LAFDs were
significantly related with lower rates in mortality without sta-
tistical heterogeneity (pooled OR, 0.58; 95% CI, 0.34-0.99;
$=0.992; I’=0.0%) (Fig. 3C). Publication bias was not identi-
fied regarding the symmetrical funnel plot supported by the
Egger’s and Begg's tests (Supplementary Fig. 1C).

The analysis revealed that the individual rate of unfavorable
outcome was 32.7% in LAFDs group and 43.5% in control
group. A pairwise analysis of all eight RCTs showed that
LAFDs were significantly associated with the higher rates in
unfavorable outcome with low heterogeneity (pooled OR,
0.55; 95% CI, 0.37-0.80; p=0.134; I°=37.0%) (Fig. 3D). Al-
though visual asymmetry was observed in funnel plot, the ad-
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justed OR showed no significant differences as compared with
pooled OR owing to the trim-and-fill correction (adjusted
OR, 0.47; p=0.330) (Supplementary Fig. 1D).

Subgroup analysis

Subgroup analysis was performed by the type and route of
administered drugs (Fig. 4). There were no statistical differ-
ences regarding the type of drugs (rt-PA vs. UK) prescribed
for the vasospasm (pooled RR, 0.26 vs. 0.63; p=0.366); hydro-
cephalus (pooled RR, 0.31 vs. 0.81; p=0.441); mortality (pooled
RR, 0.71 vs. 0.53; p=0.180): and unfavorable outcome (pooled
RR, 0.81 vs. 0.31; p=0.134). In addition, the route of adminis-
tration not affect all outcomes. All subgroup analyses showed

that there was no significant heterogeneity.

DISCUSSION

Vasospasm on angiography is typically detected in about
66% of patients with aneurysmal SAH within 3-14 days fol-

lowing initial rupture”. Blood clots in the intraventricular and
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Kramer et al.” (2014) § 0.40(0.03,6.18) 16 2/6 474
Heterogeneity (1%=0.0%, p=0.992) <> 0.58 (0.34, 0.99) 29/275 40/255 100.00
© 01 02 0510 25 100

Favours fibrinolytics Favours control
Study OR (95% Cl) Treatment Control Weight (%)
Findlay et al.” (1995) L 1.05(0.43, 2.53) 14/51 13/49 13.29
Hamada et al (2003) _,__ 0.32(0.11,0.96) 5/53 14/57 16.88
Lietal.® (2005) e 0.30 (0.14,0.64) 15/68 32/66 3497
Yamamoto et al.*" (2010) _.__ 0.60 (0.20, 1.79) 19/40 12/20 1160
Eicker et al.” (2012) _.#_ 0.21(0.05,0.90) 6/16 14/19 11.05
Litrico etal.® (2013) f 0.64 (0.05,8.62) 91 7/8 2.04
Etminan et al.” (2013) —_— 151 (0.54,4.24) 19/30 16/30 810
Kramer et al.” (2014) i 1.00 (0.10, 9.61) 3/6 3/6 207
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Favours fibrinolytics Favours control

Fig. 3. Efficacy of locally administered fibrinolytic drugs in the prevention of outcomes. Tests for heterogeneity are described using I and p value. A : Vasospasm.
B:Hydrocephalus. C: Mortality. D : Unfavorable clinical outcome at 90 days. OR : odds ratio, CI : confidence interval.
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intracisternal areas after hemorrhage induces vasoconstriction
and results in angiographic narrowing. Released oxyhemoglo-
bin and blood-breaking products derived from the clot induce
the oxygen-free reactions, and cause inflammation and endo-
thelial injury, which in turn lead to endothelin-1 and nitric
oxide expression. These cytokines result in vasospasms by way
of microthrombi, vascular constriction, and extracellular ma-
trix inflammation. Thus, thickness, density, location, and du-
ration of the clot were indicated as risk factors for vaso-
spasm””. Clot volume and clearance rate were also reported as
independent predictors of vasospasm in previous studies.
Reilly et al.” indicated the initial clot volume and declined
rate as significant predictors of vasospasm. Hanggi et al."” also
reported that accelerated clot clearance with intrathecal lavage
reduced the incidence of vasospasms. Plasminogen activator
was presumed to facilitate the thrombolytic process, which
induces clot-lysis™. Accordingly, LAFDs, including rt-PA or
UK via EVD or intrathecal administration has been proposed
as a postoperative treatment modality to prevent vasospasm
accelerating the clot clearance rate™”. Various studies have
been conducted to investigate the efficacy of LAFDs. Eicker et
al.” studied 35 patients who underwent surgery with aneurys-
mal SAH. Among them, 16 patients received four, 12-hourly

5-mg rt-PA doses via EVD. The clot clearance rate was signifi-
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cantly higher in patients with rt-PA treatment than in those
(48.3% vs. 21.3%, p=0.003). Kawamoto et al."” reported the ef-
ficacy of cisternal irrigation with UK. Hamada et al.”” de-
signed an RCT including 110 patients who underwent cister-
nal irrigation with UK and showed a significantly low
incidence of vasospasm. In the current study, we performed
pooled analysis to compare the incidence of vasospasm be-
tween in the LAFD group and control group. Our results
showed that patients treated with LAFDs were significantly
associated with the lower incidence rates of vasospasm
(LAFDs group vs. control group, 26.5% vs. 39.2%; OR, 0.48;
95% CI, 0.32—0.73). Therefore, we believe that LAFDs seems
likely to play an important role in reducing the risk of vaso-
spasm through the acceleration of clot clearance.

The incidence of hydrocephalus after SAH ranges from 15%
to 20% and is considered a major source of morbidity and
mortality following SAH'”. Ventricular involvement occurs in
30% of SAH cases””, and intraventricular hemorrhage (IVH)
is known as an independent predictor of hydrocephalus after
SAH™*". From the pathophysiologic perspective, the occur-
rence of [VH-induced hydrocephalus is understood to develop
via two mechanisms-an obstructive hydrocephalus from [IVH
and blood clot by inhibiting the outflow of cerebrospinal fluid
(CSF) following SAH, and a compromised reabsorption of

I Interaction F Interaction
Study Patient Relative risk (95% CI) (%) pvalue Study Patient Relative risk (95% Cl) (%)  pvalue
Vasospasm Mortality
Type 0.366 Type 0180
rt-PA 6 286 HH 0.0 rt-PA 6 286 i 0.0
UK 2 244 —— 0.0 UK 2 244 P 0.0
Delivery 0.426 Delivery 0.814
EVD 4 126 i 0.0 EVD 4 126 P 0.0
Intrathecal 4 404 HH 0.0 Intrathecal 4 404 —a— 0.0
Hydrocephalus Unfavorable outcome
Type 0.441 Type 0134
rt-PA 6 286 HEH 6.7 rt-PA 6 286 —a— 6.7
UK 2 244 —— 0.0 UK 2 244 —a— 0.0
Delivery 0.893 Delivery 0159
EVD 4 126 —— 36.8 EVD 4 126 s 36.8
Intrathecal 4 404 i 422 Intrathecal 4 404 —a— 422
01 10 100 01 10 100
@ Favours fibrinolytics Favours control Favours fibrinolytics Favours control

Fig. 4. Subgroup analysis : comparison of the efficacy of locally administered fibrinolytic drugs with respect to type and route of delivery. Interaction p<0.05 indi-
cates significant difference between the two groups. A : Vasospasm, hydrocephalus. B : Mortality, unfavorable outcome. Cl : confidence interval, rt-PA : recombi-
nant-type plasminogen activator, UK: urokinase-type plasminogen activator, EVD : extraventricular drainage.
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CSF with subarachnoid granulations. Acute hydrocephalus is
enhanced by direct blockade of the CSF pathways by blood-
breaking products derived from an intraventricular clot; this
non-communicating hydrocephalus usually presents in an
acute setting. The latter is generally observed in the chronic
setting by inflammation-mediated adhesions that inhibit the
reuptake of CSE. Wilson et al.”” reported that the presence of
IVH was strongly associated with hydrocephalus and unfa-
vorable outcome. The authors suggested that a combination of
acute obstruction of CSF and chronic inflammation of granu-
lations or choroid plexus results in hydrocephalus following
SAH. Therefore, rapid removal of IVH and its products is con-
sidered to play an important role in preventing hydrocephalus;
accordingly, the efficacy of LAFDs in clot-lysis for treating hy-
drocephalus after SAH has been investigated in previous stud-
ies™"""*Given these findings, rapid elimination of IVH fol-
lowing SAH have been presumed to reduce the occurrence of
hydrocephalus, and previous studies have reported a reduction
in hydrocephalus risk with intraventricular rt-PA administra-
tion”**. Our results were in line with the previous studies.
Pooled-analysis with eight RCTs also presented that clot lysis
using LAFDs identifies a 46% decrease in the absolute risk of
hydrocephalus occurrence compared to the control (OR, 0.54;
95% CI, 0.32-0.91).

Vasospasm and hydrocephalus are strongly associated with
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increased rates in mortality and unfavorable outcome
systematic review of literature, Dorsch” noted that patients
with vasospasm showed a significantly high risk of mortality
as comparison to those without. Hydrocephalus is also con-
sidered an independent risk factor for other unfavorable out-
comes and death due to ventricular enlargement and in-
creased intracranial pressure™. Giraldo et al.”” reported that
the presence of hydrocephalus was a significant risk factor. In
the systematic review by Karamanakos et al."”, hydrocephalus
was determined as an independent risk factor for delayed
mortality following SAH. In the present meta-analysis, signif-
icant association with lower rates of mortality (OR, 0.58; 95%
CI, 0.34—-0.99) and unfavorable outcome (OR, 0.55; 95% CI,
0.37—-0.80) were indicated. In conclusion, LAFDs can be used
to lowering the incidence rates of vasospasm or hydrocepha-
lus, and would be consequently reduce the mortality rates and
unfavorable outcome.

Our study has some limitations. First, this analysis was con-

ducted with the inconsistent protocol of the included studies
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(e.g., consistent regimen for dose, duration, and timing of ini-
tiation for each study). Additionally, the different included
populations (e.g., the proportion of low or high Hunt-Hess
grade) could not be limited. Although the included trials doc-
umented randomized or controlled characteristics of design,
the differences in treatment protocols and populations be-
tween individual groups may have confounded estimates of
the efticacy on postoperative fibrinolytic drugs. Second, it is
possible that unmeasured factors such as the operator’s skill
may have acted as a confounder, which could affect the out-
come. The safety of LAFDs were still debated due to the po-
tential of inducing adverse effects such as hemorrhage or neu-
rotoxicity”. In contrast, there was a report that LAFDs, not
intra-arterial, seem to be safe through the intraventricular in-
jection'. However, owing to the lack of recorded results, the
authors were unable to extract sufficient data from the includ-
ed studies regarding these complications. Thus, a systematic
review for the safety of fibrinolytic drugs following SAH
should be conducted in the near future. Because the relatively
small or medium size of included studies, in addition, more
multicenter, larger-scale, and prospective studies would likely
clearly establish the relationship between LAFDs and the

aforementioned outcomes.

CONCLUSION

The present meta-analysis and systematic review with eight
RCTs identified that administration of LAFDs seemed to be
effective in reducing the incidence rates of vasospasm and hy-
drocephalus. Thus, LAFDs could consequently reduce the

mortality rates and improve the clinical outcome after SAH.
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