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Abstract

Background—Recent studies examining the effect of prior antiplatelet therapy (APT) on outcome
in patients with spontaneous intracerebral hemorrhage (ICH) have shown conflicting results. The
effect of platelet infusion therapy (PIT) on outcome in APT patients with ICH is unknown.

Methods—We reviewed records of ICH patients admitted to a single hospital, excluding those with
INR >1.5. Baseline characteristics were compared by APT status in all patients and by PIT status in
the subgroup of patients on APT. We used multivariate analyses to generate propensity and
prognostic scores for exposures (APT and PIT) and outcomes (favorable outcome and hospital death),
respectively. We examined the associations between exposures and outcomes and adjusted these for
propensity and/or prognostic scores. We then validated our findings with a sensitivity analysis.

Results—Of 368 patients identified, 121 (31.3%) were on APT, mostly aspirin. Patients on APT
were older and more likely to have vascular comorbidities than those not. The APT group also had
a higher initial Glasgow Coma Scale score (GCS) at presentation. In analyses adjusted for both
propensity and prognostic scores, APT was associated with a higher likelihood of hospital death (OR
2.4; 95% CI 1.1-5.6); PIT did not prevent hospital death (OR 1.2; 95% CI 0.3-5.5) or increase
favorable outcome (OR 1.4; 95% CI 0.4-5.4).

Conclusions—In ICH patients, APT is associated with an increased risk of hospital death. In the
subgroup of patients on APT, PIT did not prevent death or improve outcome.

Patients presenting with spontaneous intracerebral hemorrhage (ICH) are often on
antithrombotic therapy, more commonly antiplatelet therapy (APT) than anticoagulation
therapy [1]. Studies examining the effect of APT on ICH outcome have yielded conflicting
results [1-11], possibly reflecting differences in sample size, demographics, and statistical
analysis. The effect of platelet infusion therapy (PIT) on outcome in ICH patients on APT has
not been previously addressed. In this retrospective study at a single tertiary referral center,
we examined how APT related to hospital outcome in patients with ICH, and among those
using APT, how PIT related to hospital outcome.
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METHODS

We conducted a single-center retrospective study based on review of medical records. We
included 368 consecutive patients with non-traumatic spontaneous ICH and an INR <1.5
between May 2001 and September 2003, who were admitted to Harborview Medical Center,
a Joint Commission Primary Stroke Center that serves as a tertiary referral center for patients
with severe neurological diseases. Patients with a secondary cause for their hemorrhage, such
as ruptured aneurysm, primary ischemic stroke, trauma, AVM or tumor, were excluded.
Approximately 20% of all Seattle and surrounding King county residents with ICH are seen
at this hospital.

Data collection

Information was abstracted from medical records. Attributes were considered present if
specifically mentioned in the medical records; otherwise, they were considered absent.
Information collected included the following baseline characteristics: admission year, age,
gender, race, pre-hospital functional status, medical conditions and medications prior to
hospitalization. Medication use prior to admission was documented as antiplatelet,
antihypertensive and cholesterol lowering therapy. Antiplatelet therapy included aspirin,
clopidogrel and dipyridamole. Cardiac disease was defined as a previous history of myocardial
infarction, coronary artery bypass grafting or cardiac catheterization.

Information collected from around the time of admission included whether or not patients were
referred from an outside hospital and initial findings at Harborview. These included blood
pressure, heart rate and rhythm, temperature, Glasgow Coma Scale (GCS) score, serum glucose
level, and brain imaging characteristics. Platelet infusion therapy (PIT) for ICH patients on
APT was defined as administration of at least six units of platelets while in the emergency
room. Based on initial imaging reports, hemorrhage location was classified as supratentorial
or infratentorial, and the following findings were documented as present or not: obvious mass
effect, midline shift, ventricular extension, hydrocephalus, and herniation. In the subset of
patients where all three dimensions of the hemorrhage were specified in the report, volume
was calculated with the ABC/2 method [12].

Information collected from after the initial evaluations included: admission to the neurology

or neurosurgery service; endotracheal intubation; surgical intervention with ventriculostomy

or craniotomy; do-not-attempt-resuscitation (DNAR) status; and withdrawal of life-sustaining
treatments. We did not collect information on hematoma expansion. Outcomes were death and
functional status at discharge, which was abstracted from the medical chart and translated into
the modified Rankin score (mRS). Favorable outcome was defined as moderate disability or

better at time of hospital discharge corresponding to a mRS < 3.

This study was approved by the Human Subjects Research committee at the University of
Washington.

Statistical analysis

Clinical characteristics described in the previous section were compared between ICH patients
based on the exposures of interest, APT status in the entire cohortand PIT status in the subgroup
with APT use. Nonparametric and parametric statistics were used as appropriate.

For a variable to confound an association, it must be related to both exposure and outcome. In
order to control for possible confounding, we generated multivariate models and calculated
propensity scores for exposures (APT status and PIT status) and prognostic scores for outcomes
(hospital death and favorable outcome). For the group of interest, logistic regression was used
with the dependent variable being one of these two exposures or two outcomes and the
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independent variables being all clinical characteristics significantly associated with the
dependent variable in bivariate analyses. Only those variables remaining significant (p < 0.05)
were retained in the logistic regression models and are listed in table 1. The C statistic, reflecting
the area under the Receiver Operator Characteristic (ROC) curve, is presented as a summary
measure of discriminative performance of the different models [13], with a C statistic of 1.0
indicating perfect performance. The models were used to generate for each patient propensity
scores for the two exposures and prognostic scores for the two outcomes. To examine
associations between exposures and outcomes, we used logistic regression with the outcome
(hospital death or favorable outcome) as the dependent variable and the exposure (APT status
or PIT status) as the independent variable. The strength and precision of association were
summarized with an odds ratio (OR) and 95% confidence interval (Cl), respectively. We
examined unadjusted models and models adjusted for propensity score, prognostic score, or
both.

In sensitivity analyses, we repeated the logistic regressions using the well-validated ICH Score
[14] instead of our prognostic score. The ICH Score could be calculated in 267 of the 368 ICH
patients (72%). Of note, our “obvious mass effect” variable agreed with the “> 30 cc” variable
from the ICH Score 84% of the time, with a kappa statistic of 0.67, which is interpreted as
substantial agreement.

All analyses were performed using Stata (version 10, StataCorp, College Station, TX).

We identified 368 eligible ICH patients of whom 121 (31.3%) were on APT. All but three,
who were taking clopidogrel alone, were on aspirin (118/121), either alone (105/121) or in
combination with clopidogrel (11/121) or extended release dipyridamole (2/121). Of the 121
patients on APT, 53 received PIT.

The results of the bivariate analyses for APT and PIT are summarized in table 2. Compared to
patients not on APT, those on APT were significantly older and had more comorbid conditions
but higher initial GCS scores. Compared to patients on APT who did not receive PIT, those
who received PIT were significantly more likely to be men, to have been transferred from an
outside hospital and to be admitted to the neurology service.

Results of the multivariate analyses are presented in the Figure for APT and PIT. The shifts in
point estimates following adjustment for propensity score, prognostic score, or both suggest
confounding was present. In the adjusted analyses, APT was not associated with favorable
outcome but instead was associated with an increased risk of death. Among patients on APT,
PIT was not associated with favorable outcome or hospital death after adjustment for both
prognostic and propensity score.

In sensitivity analyses, when we repeated the logistic regressions using the ICH Score [14]
instead of our prognostic score, results and conclusions were largely unchanged (data not
shown).

A third of all patients died during their hospital stay, and 80% of these had life-sustaining
measures withdrawn. Withdrawal did not significantly differ by APT status or by PIT status
among those on APT.

DISCUSSION

Having excluded patients with an INR of 1.5 or more, whether on anticoagulants or not, we
found that almost a third of patients (31.3%) in this study were on APT with all but three on
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aspirin, either alone or in combination with other antiplatelet agents. The results suggest that
patients with ICH are more likely to die in hospital if they were taking APT prior to the event.
The increased risk of death was evident only after adjusting for 1) factors related to the use of
APT and 2) factors related to outcomes. The change in risk with adjustment for these factors
indicates that they confounded the relationship between APT and hospital death in this study.
Among the patients on APT, PIT was not associated with improved outcomes.

Table 3 places our results in context with recent studies that examine the effect of APT on ICH
outcome. Our findings agree with a number of the earlier studies that suggested a worse clinical
outcome for ICH patients on prior APT [5-8,10].

Although these studies showed patients on APT to be older and with more premorbid conditions
than those not on APT, identification of and adjustment for possible confounders was only
done in a few [1,8]. In one study, adjustment for age and premorbid conditions led to a loss of
association between APT and outcome [1], while in the other study, mortality was still
increased in the APT group after adjusting for age, hypertension and alcohol use [8]. In the
other earlier studies [2-7,9-11], it is possible that adjustment for other confounders, factors
related to APT use and outcomes, may have yielded different results.

In hemorrhagic stroke, the effect of antiplatelet agents on bleeding time may contribute to
worse outcome. Reliable measures of platelet dysfunction would be useful in this setting but
are not reported in any of these studies, including ours.

The risk of hematoma expansion is increased with APT [6,7,10], and hematoma expansion is
related to a worse outcome [15]. The design of our study did not allow us to determine the
effect of APT use on hematoma expansion.

In our study, patients on APT presented with a significantly higher GCS score than those not
(tables 2 and 3), and there was a trend in the APT group toward better prognostic scores at time
of presentation (data not shown). These findings seem paradoxical in light of the significant
association between APT use and hospital death in the fully adjusted analyses (Figure). This
discrepancy, which was not described in any of the prior studies (table 3), may indicate that
confounding was present in the bivariate analyses. It could also suggest, however, that APT
use, despite its association with hospital death, is also independently associated with a less
severe clinical presentation. A potential physiological explanation could be that the anti-
inflammatory effects of aspirin predominate on initial presentation but are outweighed by the
anti-hemostatic properties during the later clinical phases of ICH, possibly contributing to
hematoma expansion and, thus, increased hospital death.

If APT is associated with a worse outcome in patients with ICH, treatments such as PIT would
be important to evaluate, especially given the large proportion of patients with ICH who are
on APT at presentation. Although PIT has been recommended in life-threatening ICH
secondary to autoimmune thrombocytopenia (17), we are not aware of prior studies, either with
an experimental or observational design, that have examined the efficacy of PIT in ICH patients
on APT. This study demonstrates the feasibility of initiating PIT in the emergency room for
patients with ICH. After adjusting for potential confounders associated with both outcome and
exposure, we did not find a significant relationship between PIT and outcome. Confidence
intervals around our risk estimates were broad, reflecting the relatively small number of APT
users eligible for these analyses (n = 121). Thus, these findings do not exclude the possibility
of PIT causing clinically important benefit or harm in these patients.

This study is limited by its moderate sample size and retrospective design. Misclassification
of exposures was possible, care was not standardized and interventions were not randomized
(including the use of PIT). Imaging data were also based on record review, and we could not
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determine if hematoma expansion occurred. Patients were not followed after discharge from
hospital, so their functional status several months after hospitalization is unknown. The ICH
onset was often unknown, so the interval to the start of PIT could not be calculated.

We tried to minimize the risk of confounding by determining baseline characteristics of all
ICH patients and using multivariate analyses to adjust for differences in the comparison groups.
In baseline characteristics, we included several variables of potential relevance (frequency of
withdrawal of medical support as well as withdrawal of medical support as a cause of death,
DNAR status and hospital referral status) that have not been uniformly included in prior studies
(see table 3). In addition, we used two outcome variables, favorable outcome and hospital
death, to provide a broader perspective than simply mortality. When using the well validated
ICH Score [14] rather than our prognostic score, results were largely unchanged. Finally, in
contrast to prior studies, we have attempted here to systematically control for confounding
factors related to both exposure and outcome using propensity and prognostic scores,
respectively.

We have reviewed a humber of studies examining the effect of APT on ICH outcome (table
3); the heterogeneity in the design of these studies is striking. Differences were seen in
inclusion/exclusion criteria, statistical analyses and outcome measures. All studies, including
ours, were observational and subject to a large number of potential confounding factors and
biases. Given the known limitations of meta-analyses, particularly with respect to observational
studies [16], we have chosen here to present an overview of these studies in this comparative
table.

CONCLUSIONS

This study adds to the evidence that ICH patients on APT are more likely to die than those not
on APT. Whether PIT could improve outcomes in ICH patients on APT is not answered by
this study, but to our knowledge, this is the only study that has addressed the effect of PIT on
outcome in patients with ICH. A randomized trial in which platelets are given by a standard
protocol and within a specific time interval from ICH symptom onset will ultimately be
required to determine if PIT improves outcome.

References

1. Foerch C, Sitzer M, Steinmetz H, et al. Pretreatment with antiplatelet agents is not independently
associated with unfavorable outcome in intracerebral hemorrhage. Stroke 2006;37:2165—7. [PubMed:
16809556]

2. Wong KS. Risk factors for early death in acute ischemic stroke and intracerebral hemorrhage: A
prospective hospital-based study in Asia. Asian Acute Stroke Advisory Panel. Stroke 1999;30:2326—
30. [PubMed: 10548666]

3. Nilsson OG, Lindgren A, Brandt L, et al. Prediction of death in patients with primary intracerebral
hemorrhage: a prospective study of a defined population. J Neurosurg 2002;97:531-6. [PubMed:
12296635]

4. Rosand J, Eckman MH, Knudsen KA, et al. The effect of warfarin and intensity of anticoagulation on
outcome of intracerebral hemorrhage. Arch Intern Med 2004;164:880-4. [PubMed: 15111374]

5. Roquer J, Campello A Rodriguez, Gomis M, Ois A, etal. Previous antiplatelet therapy is an independent
predictor of 30-day mortality after spontaneous supratentorial intracerebral hemorrhage. J Neurol
2005;252:412-6. [PubMed: 15739042]

6. Toyoda K, Okada Y, Minematsu K, et al. Antiplatelet therapy contributes to acute deterioration of
intracerebral hemorrhage. Neurology 2005;65:1000—4. [PubMed: 16217049]

7. Saloheimo P, Ahonen M, Juvela S, et al. Regular aspirin-use preceding the onset of primary
intracerebral hemorrhage is an independent predictor for death. Stroke 2006;37:129-33. [PubMed:
16322483]

J Stroke Cerebrovasc Dis. Author manuscript; available in PMC 2010 May 1.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Creutzfeldt et al.

Page 6

8. Lacut K, Le Gal G, Seizeur R, et al. Antiplatelet drug use preceding the onset of intracerebral

hemorrhage is associated with increased mortality. Fundam Clin Pharmacol 2007;21:327-33.
[PubMed: 17521302]

9. Caso V, Paciaroni M, Venti M, et al. Effect of On-Admission Antiplatelet Treatment on Patients with

10

11.

12.

13.

14.

15.

16.

17.

J

Cerebral Hemorrhage. Cerebrovasc Dis 2007;24:215-8. [PubMed: 17630480]

. Broderick JP, Diringer MN, Hill MD, et al. Determinants of intracerebral hemorrhage growth: an

exploratory analysis. Stroke 2007;38:1072-5. [PubMed: 17290026]

Hanger HC, Fletcher VJ, Wilkinson TJ, et al. Effect of aspirin and warfarin on early survival after
intracerebral haemorrhage. J Neurol 2008;255:347-52. [PubMed: 18297333]

Kothari RU, Brott T, Broderick JP, et al. The ABCs of measuring intracerebral hemorrhage volumes.
Stroke 1996;27:1304-5. [PubMed: 8711791]

Hanley JA, McNeil BJ. The meaning and use of the area under a receiver operating characteristic
(ROC) curve. Radiology 1982;143:29-36. [PubMed: 7063747]

Hemphill JC 3rd, Bonovich DC, Besmertis L, et al. The ICH score: a simple, reliable grading scale
for intracerebral hemorrhage. Stroke 2001;32:891-7. [PubMed: 11283388]

Davis SM, Broderick J, Hennerici M, et al. Hematoma growth is a determinant of mortality and poor
outcome after intracerebral hemorrhage. Neurology 2006;66:1175-81. [PubMed: 16636233]

Egger M, Schneider M, Davey Smith G. Spurious precision? Meta-analysis of observational studies.
BMJ 1998;316:140-4. [PubMed: 9462324]

Olson, J. Hemostasis and hematologic conditions in intracerebral hemorrhage. Raven Press; New
York: 1993.

Stroke Cerebrovasc Dis. Author manuscript; available in PMC 2010 May 1.



1duasnue Joyiny vd-HIN

Creutzfeldt et al. Page 7

(a) Antiplatelet Therapy (n=121) (b) Platelet Infusion Therapy (n=53)
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Figure.

Associations between exposures and outcomes (favorable outcomes and hospital death). odds
ratios (OR) and 95% confidence intervals (Cl) derived from unadjusted and adjusted logistic
regression models. See text for details.

(a) Association with antiplatelet therapy (APT) status

(b) Association with platelet infusion therapy (PIT) status

*prognostic and propensity score
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Factors significantly and independently associated with different exposures and outcomes and used to create the
propensity score for antiplatelet therapy (APT) and platelet infusion therapy (PI1T) and the prognostic score for
favorable outcome and hospital death.

extension and hydrocephalus

. C
Outcome Independently Associated Factors statistic
All Patients (n = 368)
older age, history of antihypertensive
and/or cholesterol lowering
APT medication on admission, history of 0.77
] CAD, stroke, TIA and transfer from an
Propensity outside hospital
score
APT Patients only (n = 121)
male gender, transfer from an outside
PIT hospital, more recent admission year, 0.74
and admission to the Neurology (vs. )
Neurosurgery) service
All Patients (n = 368)
lower age, premorbid functional
independence, higher initial GCS
Favorable Outcome score, lower initial heart rate and lack 0.93
of obvious ICH mass effect
) older age, lower initial GCS score,
Prognostic Hospital Death obvious ICH mass effect, higher initial 0.92
score heart rate and herniation
APT Patients only (n = 121)
Favorable Outcome younger age and higher initial GCS 0.94
score
Hospital Death lower initial GCS, ventricular 0.95
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