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Prior antiplatelet therapy and outcome

following intracerebral hemorrhage

A systematic review
AL

ABSTRACT

Objectives: Antiplatelet therapy (APT) promotes bleeding; therefore, APT might worsen outcome
in patients with intracerebral hemorrhage (ICH). We performed a systematic review and meta-
analysis to address the hypothesis that pre-ICH APT use is associated with mortality and poor
functional outcome following ICH.

Methods: The Medline and Embase databases were searched in February 2008 using relevant
key words, limited to human studies in the English language. Cohort studies of consecutive pa-
tients with ICH reporting mortality or functional outcome according to pre-ICH APT use were
identified. Of 2,873 studies screened, 10 were judged to meet inclusion criteria by consensus of
2 authors. Additionally, we solicited unpublished data from all authors of cohort studies with
>100 patients published within the last 10 years, and received data from 15 more studies. Uni-
variate and multivariable-adjusted odds ratios (ORs) for mortality and poor functional outcome
were abstracted as available and pooled using a random effects model.

Results: We obtained mortality data from 25 cohorts (15 unpublished) and functional outcome
data from 21 cohorts (14 unpublished). Pre-ICH APT users had increased mortality in both univar-
iate (OR 1.41, 95% confidence interval [Cl] 1.21 to 1.64) and multivariable-adjusted (OR 1.27,
95% Cl 1.10 to 1.47) pooled analyses. By contrast, the pooled OR for poor functional outcome
was no longer significant when using multivariable-adjusted estimates (univariate OR 1.29, 95%
Cl1.09 to 1.53; multivariable-adjusted OR 1.10, 95% Cl 0.93 to 1.29).

Conclusions: In cohort studies, APT use at the time of ICH compared to no APT use was indepen-
dently associated with increased mortality but not with poor functional outcome. Neurology®
2010;75:1333-1342

GLOSSARY

APT = antiplatelet therapy; Cl = confidence interval; GOS = Glasgow Outcome Scale; ICH = intracerebral hemorrhage;
mRS = modified Rankin Scale; OR = odds ratio.

Aspirin or other antiplatelet therapy (APT) could worsen outcome from intracerebral hemor-
rhage (ICH) by promoting bleeding. Published observational studies of outcomes in pre-ICH
APT users have yielded conflicting results, however. Some suggest an increased risk of poor
outcome!” while others suggest no increased risk.*> If prior APT worsens outcome, then
restoration of normal platelet function could be a therapeutic target.

We hypothesized that pre-ICH APT use would be associated with increased mortality and
functional impairment following ICH, and tested this hypothesis by performing a systematic
review of the literature. To reduce the likelihood of publication bias, we additionally requested
information from established cohort studies that had not previously published on the associa-
tion between pre-ICH APT and clinical outcomes.

METHODS Search strategy, selection criteria, and data abstraction. Using the Meta-analysis of Observational Studies in
Epidemiology (MOOSE) criteria as a guide,® we searched for studies describing mortality or functional outcome of consecutive adults
with spontaneous ICH by APT use, excluding ICH due to identified secondary causes such as arteriovenous malformations or

thrombolysis. The following keywords were entered into Medline (OVID) and Embase: [intracerebral hemorrhage OR intracerebral
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hemorrhage OR hemorrhagic stroke OR hemorrhagic stroke]
AND [outcome OR mortality OR morbidity OR survival OR
death]. The search was limited to English-language human stud-
ies. The final search (February 15, 2008) yielded 2,873 articles.
A physician investigator (B.B.T'.) screened these articles by text,
abstract, and then full text (figure e-1 on the Neurology® Web
site at www.neurology.org). A permissive approach was used in
advancing studies further through the screening process, and any
uncertainties were reviewed by a second physician investigator
(E.E.S.). Reference lists were hand searched to identify addi-
tional relevant studies. Study quality was independently ap-
praised by 2 reviewers (B.B.T. and E.E.S.) using a framework
adapted from a recent systematic review.” Specifically, we only
included studies that 1) verified all cases by neuroimaging, 2)
included consecutive patients with primary ICH as eligible,
rather than select samples (to minimize selection bias), 3) re-
ported odds ratios (ORs) or probabilities of outcomes according
to APT use, 4) reported mortality, 5) reported functional out-
come using widely accepted validated scales, if functional out-
come was reported, and 6) included sufficient information to
judge the validity of the statistical methods. APT use was re-
corded based on medical history and chart review; no studies
reported independent verification by pharmacy records. We also
evaluated the degree of loss to follow up and whether confound-
ing was considered. Ten articles were selected for inclusion based
on this strategy (figure e-1).!>%12

To reduce the likelihood that publication bias would affect
our results, we contacted corresponding authors of articles which
had been excluded by full text review (mostly for not containing
APT data) but reported on =100 consecutive ICH patients and
were published within the past 10 years (figure e-2). Authors of
known cohort studies of ICH and experts in the field were also
contacted. Data from an additional 15 cohorts were obtained by
these methods."*” In many cases, authors contributed more pa-
tients than described in the original cohort, which was allowed as
long as these patients were collected and characterized according
to the same published methods. Study quality was evaluated us-
ing the same criteria cited above.

Univariate and multivariable-adjusted ORs for the effect of
APT on ICH outcome were extracted. When data were not
available or were not clear within the text, corresponding authors
were contacted. To harmonize definitions of poor functional
outcome across studies, we asked authors to analyze their data
using the following scale-specific definitions based, where possi-
ble, on previously published recommendations: modified
Rankin Scale (mRS) 4—6,% Barthel Index less than 60, or Glas-
gow Outcome Scale (GOS) 1-3. There is excellent agreement
between the mRS and Barthel Index scores for discrimination of
the functional severity of stroke (weighted k 0.85).%” Analysis of
our own data'' shows that GOS score 1-3 has excellent agree-
ment with mRS 4-6 (k 0.87). Because there is evidence that age
and previous disability may confound the relationship between
pre-ICH APT and outcome,* we requested that authors contrib-
uting multivariate analyses adjusted for both age and premorbid
disability, typically defined as mRS >1, if such data were avail-
able. We did not request that authors adjust for ICH-related
characteristics such as hematoma volume, intraventricular hem-
orrhage, or stroke severity, because such characteristics may in
turn have been influenced by pre-ICH APT, and because meth-
ods for measuring hematoma volume and stroke severity varied
considerably by study. Whenever possible, results are reported
excluding patients taking oral anticoagulants or oral anticoagu-
lants plus APT; studies that did not exclude such patients were
noted. The actual covariates for each multivariable analysis dif-
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fered by study, according to study design and available data, and

are listed in detail in the Results.

Statistical analysis. ORs and 95% confidence intervals (CI)
from each study were combined using random effects models
according to the method of DerSimonian and Laird, because
initial analyses using fixed models showed significant heteroge-
neity when pooling the univariate ORs (as assessed by the
I-squared measure and tested using the x> test). Effects in pre-
specified subgroups were determined. Prespecified meta-
regression was used to test for a linear relationship between the
OR for poor outcome following ICH and the percentage of pre-
ICH APT users taking either 1) nonaspirin APT or 2) multiple
APT. We inspected funnel plots of the ORs and performed Egg-
er’s test to assess for evidence of publication or reporting bias,
that is, bias that could arise if the author’s results influenced the
likelihood of reporting their data in the literature or for incorpo-
ration in this study. Statistical analyses were performed with

STATA version 9.2 (StataCorp LP, TX).

RESULTS Systematic review of published data.
Characteristics of the 10 studies for which the rela-
tionship between APT and ICH outcome had previ-
ously been published are presented in the table. The
relationship between APT and ICH outcome was the
primary focus of 5.1 Two studies found that APT
was an independent predictor of death,>® and 1
found that APT was associated with a combined end-
point of hematoma enlargement, surgery, or death
within 48 hours, but was not a determinant of death
alone.! By contrast, another study’ failed to find a
relationship between APT and either death or dis-
ability (defined as mRS >3) at hospital discharge.
Finally, another study® found significant relation-
ships between APT and death and disability (defined
as mRS >2) in univariate analysis, but not after con-
trolling for age and premorbid disability (defined as
prehospital mRS >1).

In another 5 studies, data on APT were included
as a potentially relevant covariate in analyses of other
predictors of ICH outcome (table). One study evalu-
ated APT as a potential contributor to hospital mor-
tality in ICH, and found it was nonsignificant in
either univariate analysis or multivariable analysis
controlling for age, sex, and other factors.'? The
other 4 studies presented only univariate analyses and

failed to find associations between APT and outcome

(table).81!

Combined analysis of previously published and un-
published data on APT and outcome. Characteristics
of all the study cohorts, including the cohorts where
APT and outcome data were not published in the
literature but were contributed by the study authors,
are presented in the table. Overall, the studies varied
in both design and size. Inclusion criteria were pri-
mary ICH (n = 20),13>10171927 supratentorial ICH
(n = 4),28218 or ICH identified by billing codes
(n = 1).* Two cohorts excluded patients admitted

Copyright © by AAN Enterprises, Inc. Unauthorized reproduction of this article is prohibited.



( Table Characteristics of the 10 studies for which the relationship between APT and ICH outcome had previously been published® ]
APT users Overall
taking APT users Overall Definition poor

Published or Study Mean Male, Pre-ICH non-ASA taking>1 Time of mortality, of poor outcome,
Reference Year unpublished population No. age,y % APT, % APT, % APT, % assessment % outcome %
5 2007 Published Single center 457 749 58.0 206 0 0 Discharge 23.2 mRS4-6 58.2
4 2006 Published Multicenter 1,483 714 517 29.7 NR NR Discharge 22.7 mRS4-6 65.5
8 2002 Published Single center 169 712 544 185 0 0 Discharge 29.0 mRS4-6 59.8
9 2007 Published Single center 100 678 57.0 11.0 18.2 91 14 days 11.0 - -
10 2002 Published Multicenter, 338 74.0° 56.0 21.9 NR NR 30 days 35.8 = =
population-based
2 2005 Published Single center 387 716 552 242 8.5 0 30days 26.3 mRS4-6 521
11 2004 Published Single center 775 714 533 377 51 4.1 90 days 33.2 GOS1-3 456
3 2006 Published Single center, 182 67.4 495 242 22.7 18.2 90 days 26.9 GOS1-3 582
population-based
1 2005 Published Single center 251 66.0 606 227 421 15.8 28 days 12.4 mRS4-6 55.4
12 1999 Published Single center 783 613 60.9 4.3 NR NR Discharge 11.0 — —
13 2007 Unpublished Multicenter 178 650 520 26.0 13.2 9.4 90 days 44.6 mRS4-6 67.2
14 2007 Unpublished Multicenter, 375 727 441 192 NR NR 90 days 40.0 mRS4-6 55.1
population-based
15 2005 Unpublished Single center 160 705 519 331 NR NR 90 days BBy mRS4-6 57.1
16 2006 Unpublished Multicenter, 799 693 432 306 19.6 9.4 90 days 439 mRS4-6 716
population-based
17 2007 Unpublished Single center, 336 624 438 196 10.0 4.5 Discharge 25.3 — —
population-based
18 2004 Unpublished Multicenter 265 70.7 553 16.2 NR NR 90 days 21.9 mRS 4-6 42.6
19 2007 Unpublished Single center 315 739 502 330 125 8.7 Discharge 38.7 — -
20 2006 Unpublished Single center 129 66.8 705 116 46.7 13.3 Discharge 8.5 mRS4-6 50.4
21 2003 Unpublished Single center 757 66.1 619 16.1 13.1 0.8 90 days 39.6 GOS1-3 60.6
22 2004 Unpublished Multicenter, 487 69.0 431 306 29.8 29.8 28 days 35.1 mRS4-6 711
population-based
23 2007 Unpublished Single center 183 66.3 628 9.8 31.6 15.8 30 days 4.4 mRS4-6 57.9
24 2002 Unpublished Single center 216 643 513 185 7.5 5.0 Discharge 25.5 GOS1-3 56.5
25 2004 Unpublished Single center 121 65.0 523 7.4 233 32k Discharge 33.1 = =
26 2000 Unpublished Single center 333 695 658 147 20.4 4.1 90 days 36.0 mRS4-6 53.2
27 2002 Unpublished Multicenter, 331 656 576 202 NR NR 90 days 41.4 Bl <60 63.9

population-based

Abbreviations: APT = antiplatelet therapy; Bl = Barthel Index; GOS = Glasgow Outcome Scale; ICH = intracerebral hemorrhage; mRS = modified Rankin
Scale; NR = not reported.
2 Study sample sizes may exceed those in the cited references because study authors were contacted and encouraged to submit additional patient data as
long as these patients were collected and characterized according to the same published methods.

b This study reported median age.

later than 24 hours after symptom onset,?'?* 2 ex-
cluded patients with prior stroke,? 1 excluded pa-
tients “diagnosed with amyloid angiopathy,”* and 1
excluded patients with multiple ICH, prior ICH,
pre-ICH disability, or need for surgery.®® We con-
tacted study authors to request cohort data excluding
patients taking anticoagulation and ultimately re-
ceived data from 23 cohorts that specifically ex-
cluded patients on anticoagulation,!'>#911:13-27
while one cohort included patients on anticoagula-
tion,'” and one cohort included patients on antico-
agulation but controlled for its use in the
multivariable model of mortality.!?

There was no evidence of publication bias in
the 10 previously published studies (p = 0.34 for
mortality and p = 0.54 for poor outcome, by Egg-
er’s test) or when considering all 25 studies (p =
0.24 for mortality and p = 0.49 for poor outcome)
(figure 1).

The weighted mean age across all studies was 68.9
years (range 61.3-74.9 years for individual cohorts)
and 54.3% of patients were male (range 43.1%—
70.5%). APT was commonly used prior to ICH
(weighted mean proportion 22.9%, range 4.3%-—
37.7%). The weighted mean proportion of APT us-
ers taking nonaspirin APT, either alone or in
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[ Figure 1 Funnel plots
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Funnel plots of univariate odds ratios for mortality (A) and poor functional outcome (B).
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combination with aspirin, was 15.9% (range 0%-—
46.7%). The weighted mean proportion taking more
than one APT was 8.3% (range 0%-33.3%).

All 25 cohorts (9,910 patients) contributed data
for the univariate mortality analysis (table), and 21
cohorts (8,419 patients) provided data for the multi-
variable mortality analysis.!-4811-1618-242627 Among
those providing multivariate data, all models ad-
justed for age, 7 adjusted for premorbid disabil-
ity, 131516181927 3 adjusted for sex,"'3! 1 adjusted
for diabetes,?' and 1 adjusted for smoking, vascular
risk factors, ischemic heart disease, previous cerebro-
vascular disease, and warfarin use.!? The pooled uni-
variate OR for mortality for the entire cohort was
1.41 (95% CI 1.21 to 1.64, » < 0.001) (figure 2).
The pooled multivariable adjusted OR for mortality
was attenuated at 1.27 (95% CI 1.10 to 1.47, p =
0.001) (figure 2). Elimination of the single cohort
that did not exclude warfarin-treated patients'? made
no substantial difference in the estimates (data not
shown).

There were 19 cohorts (7,458 patients) that con-
tributed data for the univariate analyses of poor func-
tional outcome!>®1113-16:18.20-2426.27 and 17 studies
(6,693 patients) that contributed data for the
multivariable-adjusted analysis.?##:11:13-16.18.20-24,26.27
All models adjusted for age, 6 adjusted for premorbid
disability,#131>1618:27 and 1 adjusted for sex and dia-
betes.? The pooled univariate OR for poor functional
outcome was 1.29 (95% CI 1.09 to 1.53, p = 0.002)
(figure 3). The pooled adjusted OR for poor func-
tional outcome was 1.10 (95% CI 0.93 to 1.29, p =
0.32) (figure 3).

Study heterogeneity was found for univariate
analyses (p = 0.02) but not for multivariable analy-
ses (p > 0.15) (figures 2 and 3). To explore sources
of heterogeneity among studies, multiple prespeci-

Neurology 75 October 12,2010

fied subgroup analyses were performed using the
multivariate-adjusted ORs (figure 4). Adjusted ORs
for mortality and poor outcome were similar across
most groups (p > 0.05), with the exception that the
adjusted odds of poor outcome with APT was higher
in studies that measured disability at 30 days com-
pared to hospital discharge (p = 0.05). Using meta-
regression, we found that for each 5% absolute
increase in the percentage of nonaspirin APT the ad-
justed OR for mortality for APT, compared to no
APT, increased by 0.06 (95% CI —0.01 t0 0.13, p =
0.08), and the adjusted OR for poor functional
outcome increased by 0.09 (95% CI 0.00 to 0.18,
p = 0.04). For each 5% absolute increase in the per-
centage taking more than one APT the adjusted OR
for mortality for APT, compared to no APT, in-
creased by 0.04 (95% CI —0.06 to 0.13, p = 0.45),
and the adjusted OR for poor functional outcome
increased by 0.12 (95% CI 0.01 to 0.23, p = 0.04).

DISCUSSION APT prior to ICH was common, and
there was an association between APT and death and
poor functional outcome in univariate analyses. The
relationship with increased mortality was attenuated
such that the effect size was relatively modest, and
the relationship with increased poor functional out-
come was reduced to nonsignificance after adjust-
ment for age and other factors. The increased
mortality may be related to the antithrombotic effect
of APT, which could lead to increased bleeding. We
were not able to confirm this hypothesis in the cur-
rent study because follow-up ICH volumes were not
present for most studies.

We found statistical evidence of heterogeneity of
the univariate OR estimates, likely reflecting differ-
ences in the populations and methods used. None-
theless, pooling of the OR estimates seems justified

Copyright © by AAN Enterprises, Inc. Unauthorized reproduction of this article is prohibited.



[ Figure 2 Odds ratios for mortality

A OR for mortality in APT users %
Study OR (95% ClI) Weignt
Barton (2007) -—-ll—-o--— 1.99(1.04,382) 368
Bejot (2007) e 166 (0.99,2.78) 4.93
Caso (2007) ————— 1.01(059,1.73) 470
Christensen (2005) —_—t— 1.29 (0.66, 2.53) 3.52
Flaherty (2006) ——— 178(132,242) 795
Foerch (2006} — 1.39(1.07,1.80) 869
Ghandehari (2007} — 114 (062,209 403
Hallewy (2002) —_— 1.08(0.47,248) 256
Kirnura (2007) | ! 7.27 (1.71, 30.96) 0.99
Leira (2004) —_— 110(0.51,2.39) 2.87
Myint (2007) e — 133(082,214) 535
Nagakane (2006) — - 3.31(0.77,14.20) 0.98
Nilsson (2002) —_— 112(0.66,1.91) 477
Passero (2003) — 166(1.12,2.45) 654
Roguer (2005) | ——— 2.77(1.38,5.59) 3.32
Rosand (2004) — 0.96(0.70,1.33) 7.65
Saloheimo (2006) e —— 2.74(1.33,563) 318
Sivenius (2004) e 1.41(0.82,217) 6.01
Sorimachi (2007) E - 6.40 (1.39, 29.44) 0.90
Szezudlik (2002) —— 1.33(0.62,283) 295
Togha (2004) — 1,69 (0.43,6.67) 1.09
Toyoda (2005) e 2.08 (0.93, 4.65) 2.70
Vernmos (2000) 0.93(0.49,1.76) 3.77
Wolfe (2002) 1.02(059,1.76) 461
Wong (1999) 0.48(0.20,119) 229
overall (-squared = 39.8%, p=0.022) < 1.41(1.21, 1.64) 100.00
MOTE: Weights are from random effects analysis :

I | | I I
0.25 0.50 1.0 20 40 8.0

B Adjusted OR for mortality in APT users i

Study OR (95% CI) Weight

Barton (2007} 188(088,400) 322

Blejot (2007) 125(073,214) 586

Christensen (2005) 099(048,203) 3350

Flaherty (2006) 142(102,197) 1098

Foerch (2006) 142(081,155) 1142

Hallevy (2002) 108(047,250) 268

Kimura (2007) 362(083,1580) 094

Leira (2004) 110(0.50,240) 302

Myint (2007) - 119(069,207) 548

Nagakane (2006) 2 ~+ 347(073,1367) 085

Passero (2003) E— 150(1.01,222) 877

Roguer (2005) | — 242(117,500) 346

Rosand (2004) —_— 100(073,137) 1155

Saloheima (2006) | — 232(108,498) 316

Sivenius (2004) —— 137(089,213) 770

Sorimachi (2007) - -+ > 559(119,2630) 085

Szezudik (2002) _—— 113(052,246) 307

Toyoda (2005) B —— 145(067,313) 342

Yemmos (2000) —_— 093(049,178) 420

Wolfe (2002) —= 080(D45,142) 510

Wiang (1999) + - 042(013,132) 148

Overall (l-squared = 208%, p=0192) é 1.27 (1.10,1.47) 10000

MOTE: Weights are from random effects analysis i

| T
025 050 1.0

N

T |
20 40

8.0

-

APT better

APT worse

Unadjusted (A) and multivariable-adjusted (B) ORs for mortality in pre-ICH antiplatelet therapy (APT) users compared to

nonusers. Cl = confidence interval; ICH = intracerebral hemorrhage; OR = odds ratio.
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[ Figure 3 Odds ratios for poor functional outcome

A OR for poor outcome in APT users %
Study OR (95% Cl) ~ "Weaht
Barton (2007) + 212(103,436) 399
Bejot (2007) —_— 136(080,2298) 596
Caso (2007) —_— 073(046,118) 682
Christensen (2003) + 312(132,738) 308
Flaherty (2006) —— 185(116,235) 8359
Foerch (2008) —— 1200095153 1070
Hallewy (2002) -+ 077 (036,165 370
Leira (2004) + 098(048,187) 412
NMagakane (2008) ~ 114(039,338) 214
Passero (2003) —— 153(1.01,232) 7453
Roguer (2005) —+ 1E8(086,328) 443
Rosand (2004) — 103(073,145) 876
Saloheimo (2008) + 118(0.54,257) 357
Sivenius (2004) —_— 239(1.39,412) 574
Sarimachi (2007) . - > 278(088,880) 191
Szczudik (2002) - 119(059,240) 415
Toyoda (2005) —_— 087(048157) 518
Yemmos (2000) _ 068(037,125) 501
Wolfe (2002) —_— 170(089,326) 4861
Overall (l-squared = 44 7%, p = 0.019) <> 1.29(1.09,1.53) 100.00
NOTE: VWeights are from random effects analysis
T T T T T
0.25 0.50 1.0 20 4.0 8.0
B Adjusted OR for poor outcome in APT users .
Study OR (95% Cl) ~ W=iaht
Barton (2007) | P 120(059.244) 440
Bejot (2007) + 099057, 172) 651
Christensen (2005) . . 2.17 (0.85. 5.50) 275
Flaherty (2006) —~—— 137(094,201) 1068
Fosrch (2008) %— 097 (073,128 1441
Hallewy (2002) - 075(024,163) 372
Leira (2004) ~ _ 060(0.20,120) 457
Nagakane (2008) - 008(0532,303) 196
P assero (2003) S — 147 007.223) 967
Roquer (2005) - 113 (065,230) 436
Rasand (2004) +— 0.81 {057, 1.17) 11.24
Saleheimo (2008) - 142([065.308) 378
Sivenius (2004) — 193(1.11,338) 640
Sorimachi (2007 . < 238(0.73,7.78) 1.79
Szezudlik (2002) o 004(044,202) 381
Memmos (2000) - - 085(034,122) 521
Wiolfe (2002) —s 112(056,223) 480
Overall (lsquared = 25.9%, p = 0.157) @ 100.00
NOTE: Weights are from random effects analysis
T T T T T
0.25 0.50 1.0 2.0 4.0 8.0
< >
APT better APT worse

Unadjusted (A) and multivariable-adjusted (B) ORs for poor functional outcome in pre-ICH antiplatelet therapy (APT) users

compared to nonusers. Cl = confidence interval; ICH = intracerebral hemorrhage; OR = odds ratio.
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[ Figure 4 Outcomes in specific subgroups

A Adjusted estimates of mortality

Adjusted estimates of poor outcome

p for interaction Subgroups p for interaction
-- (ref) Hospital discharge _: ) : Hospital discharge -- (ref)
0.11 28-30 days S T Time of assessment M e 2830 days 0.05
0.75 0 days ™ == 90 days 0.90

. mRS 4-6 - (ref)
Definition of poor outcome - GOS 1-3 Sé;
e Bl <60 2
0.96 Yﬁos T APT relationship published ¥ 1l ‘,{135 0.54
- (ref) Single center i Single center =
0.66 Mglti-center - . Study sample i Multi-center 0. rg N
0.80 Population-based i ®— = Population-based 0.16
East Asian = ; : ™ East Asian
0.36 Not East Asian - Geographic location L Not East Asian 0.47
0.34 All locations | —m— . . - . All locations 1
" Supratentorial only ——®%—— ICH inclusion criteria — & Supratentorial only 0.1
0.36 Yh?os =l Controlled for pre-ICH disability - \':!%s 0.99
05 10 20 40 80 05 10 20 40 80
APT better APT worse APT better APT worse
Odds ratio Odds ratio

Adjusted odds ratios for mortality (A) and poor functional outcome (B), in pre-ICH antiplatelet user compared to nonusers, according to prespecified study
subgroups. APT = antiplatelet therapy; Bl = Barthel Index; GOS = Glasgow Outcome Scale; ICH = intracerebral hemorrhage; mRS = modified Rankin Scale;
Ref = reference category.

for several reasons. We restricted study entry to co-
hort studies recruiting consecutive patients to mini-
mize selection bias and ensure more homogenous
study design. We analyzed mortality as one of the
outcomes; mortality can be determined with high in-
terrater reliability and therefore should be less sus-
ceptible to ascertainment bias related to study design.
Most importantly, statistical evidence of heterogene-
ity was no longer found when pooling multivariable-
adjusted OR, suggesting that some of the
heterogeneity of the univariate OR was caused by
differences in the prevalence of confounding factors
rather than differences in study methods. Therefore
these data suggest that normal variation in the effect
estimates, rather than heterogeneity of the study
methods or populations, appears to be the primary
reason for the varying results seen in individual pub-
lished studies.

With one exception we failed to find differences
between prespecified subgroups in the adjusted effect
of APT on outcome (figure 4), including no differ-
ence when comparing population-based studies with
the others. The exception was that studies of
1-month functional outcomes reported a greater ef-
fect of APT on poor functional outcome than studies
reporting outcomes at hospital discharge (p» = 0.05),
although this finding is based on only 2 studies mea-
suring functional outcome at 1 month. Given that
APT was not associated with poor functional out-

come in studies evaluating outcome at discharge or
90 days, this result may be a chance finding.

Because combination APT appears to be associated
with a high incidence of intracranial hemorrhage in
some populations,®>* we used meta-regression to deter-
mine whether the cohort-specific percentage of combi-
nation APT or nonaspirin APT was related to poor
outcome. We found some evidence that the rate of
combination APT and nonaspirin APT was associated
with the adjusted OR for poor functional outcome, but
not mortality. These analyses should be interpreted
with caution because of the relatively small number of
combination therapy and nonaspirin users and the lack
of dosage information. Further research is necessary to
determine the risk from combination APT therapy,
particularly given expanding indications for its use.

A limitation of the reviewed studies is that data on
cardiovascular comorbidities, limitation of care orders,
and concomitant medications were not always collected
or were not collected in a standardized fashion. Thus
the effect estimates were not adjusted for all potentially
conceivable confounders and should be interpreted
with appropriate caution. APT users are expected to
have more ischemic cardiovascular disease and might
have worse outcomes as a result of these comorbidities,
independent of the amount of intracerebral bleeding.
Limitation of care orders might have been more fre-
quently used in the APT group, if pre-ICH APT was
considered a poor prognostic sign. Treatment practices
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may have varied according to the presence or absence of
pre-ICH APT. The reporting of previous cardiovascu-
lar and cerebrovascular disease, concomitant medica-
tions, limitation of care orders, and treatment protocols,
including whether these data were reported at all, varied
substantially by study and therefore we were not able to
obtain effect estimates controlling for these factors. We
did ask study authors to provide adjusted estimates con-
trolling at minimum for age and previous disability (if
such information was available), because these charac-
teristics have been previously shown to confound the
relationship between APT and ICH outcome.? We
could not report information on ICH size, ICH
growth, presence of intraventricular hemorrhage,
or stroke severity, because these data were not sys-
tematically collected with comparable methods
across the studies. Increased bleeding and increased
stroke severity are probable consequences of APT and
are therefore more appropriately considered mediating
factors between APT and worse outcome, rather than
confounders.

Because we could not control for all possible con-
founders we cannot rule out residual confounding
such that the true adjusted effect of APT may be less
than reported here. Further, we cannot completely
exclude the possibility of bias, although tests of pub-
lication bias were negative. The obtained estimates
may be viewed as the probable upper bounds of the
adjusted odds of poor outcomes associated with
APT, however. In other words, we consider it un-
likely that the true effect of APT on worse outcome
following ICH is greater than that reported here.
The pooled adjusted estimates of the APT effect may
be fairly accurate, however, for the following reasons.
Previous mortality prediction models in ICH have
shown that the strongest determinants of ICH out-
come are age, ICH size, intraventricular hemorrhage,
and clinical stroke severity, with a lesser effect of car-
diovascular comorbidities.?**> Therefore cardiovas-
cular comorbidities may not have strongly
confounded these results. Limitation of care orders
are independently associated with worse outcome;
however, use of such orders is not known to be
strongly associated with the presence or absence of
APT. There are no proven specific therapies to im-
prove outcome following ICH, or to antagonize
APT-related bleeding, therefore treatment practices
may not have a large effect on the estimates. Finally,
we were able to provide estimates adjusted for age
and prior disability. Since increased age is associated
with cardiovascular comorbidities and use of limita-
tion of care orders, controlling for age may have ac-
counted for some, but certainly not all, of their effect
on outcomes. Prior disability is unlikely to be a sig-
nificant confounder because a subgroup analysis
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showed that similar estimates were obtained in the
studies that provided ORs adjusted for prior disabil-
ity, compared to those that did not (figure 4).

Additional limitations of our study include those in-
herent to any meta-analysis. To mitigate publication
bias, we sought out unreported cohorts for inclusion
and reviewed funnel plots comparing cohort sizes with
effect estimates. Study quality was evaluated using pub-
lished criteria as a guide.” No studies reported correla-
tion with pharmacy records; therefore some APT could
have been inaccurately reported or missed.

Although this systematic review suggests there is
only modestly increased mortality in patients taking
pre-ICH APT, and little or no increase in poor func-
tional outcomes, there are a substantial number of
ICH patients taking pre-ICH APT who could be at
risk. Whether the mortality associated with pre-ICH
APT can be ameliorated by therapies designed to re-
store normal platelet function is uncertain and would
require relatively large trials to demonstrate, given
the modest increase in risk. Prevention of ICH, by
careful attention to risk factors such as hypertension,
may be a more easily implemented strategy to reduce
the morbidity from APT-associated ICH.
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