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ABSTRACT

Objective: Oral anticoagulation therapy (OAT) with warfarin increases mortality and disability af-
ter intracerebral hemorrhage (ICH), the result of increased ICH volume and risk of hematoma
expansion. We investigated whether OAT also influences risk of development of intraventricular
hemorrhage (IVH), the volume of IVH and IVH expansion, and whether IVH is a substantive media-
tor of the overall effect of OAT on ICH outcome.

Methods: We performed a retrospective analysis of a prospectively collected single-center cohort
of 1,879 consecutive ICH cases (796 lobar, 865 deep, 153 cerebellar, 15 multiple location, 50
primary IVH) from 1999 to 2009. ICH and IVH volumes at presentation, as well as hematoma
expansion (�33% or �6 mL increase) and IVH expansion (�2 mL increase), were determined
using established semiautomated methods. Outcome was assessed at 90 days using either the
modified Rankin Scale or Glasgow Outcome Scale.

Results: Warfarin use was associated with IVH risk, IVH volume at presentation, and IVH expansion in
both lobar and deep ICH (all p � 0.05) in a dose-response relationship with international normalized
ratio. Warfarin was associated with poor outcome in both lobar and deep ICH (p � 0.01), and �95%
of this effect was accounted for by baseline ICH and IVH volumes, as well as ICH and IVH expansion.

Conclusion: Warfarin increases IVH volume and risk of IVH expansion in lobar and deep ICH.
These findings (along with effects on ICH volume and expansion) likely represent the mechanisms
by which anticoagulation worsens ICH functional outcome. Neurology® 2011;77:1840–1846

GLOSSARY
AUC � area under the curve; CI � confidence interval; GCS � Glasgow Coma Scale; GOS � Glasgow Outcome Scale; ICH �
intracerebral hemorrhage; INR � international normalized ratio; IVH � intraventricular hemorrhage; MGH � Massachusetts
General Hospital; mRS � modified Rankin Scale; OAT � oral anticoagulation therapy; OR � odds ratio; ROC � receiver
operator characteristic.

Baseline hematoma volume and intraventricular hemorrhage (IVH) are potent predictors of
outcome after spontaneous intracerebral hemorrhage (ICH).1–3 Hematoma enlargement and
IVH expansion following presentation also worsen mortality and disability.4,5

ICH in the setting of oral anticoagulation therapy (OAT) has almost twice the mortality
compared to non-warfarin-related ICH.6 The mechanisms underlying the effect of warfarin on
ICH outcome are still not completely understood.7 While the underlying coagulopathy clearly
plays a role in worsening the severity of OAT-ICH, patients on OAT often have higher rates of
comorbidities, which may themselves influence ICH outcome. Hematoma expansion has been
consistently found to be more frequent in OAT-ICH, and there is suggestive evidence that
warfarin use is associated with larger ICH volume at presentation.8–10

We investigated whether OAT is associated with increased risk of developing IVH, as well as
with increased IVH volume at presentation and rates of IVH expansion over time. Next, we
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sought to determine whether ICH and IVH
volumes (both follow-up and baseline) can
fully account for the effect of warfarin on
ICH outcome.

METHODS Patient selection and data collection. Sub-
jects were drawn from an ongoing longitudinal cohort study of
primary intracerebral hemorrhage (ICH) as previously de-
scribed.11 Briefly, enrolled cases were consecutive patients age
�18 years presenting to the Massachusetts General Hospital
(MGH) Emergency Department between January 1, 1999, and
December 31, 2009, with a diagnosis of spontaneous primary
ICH. Exclusion criteria included presence of trauma, brain tu-
mor, hemorrhagic transformation of a cerebral infarction, vascu-
lar malformation, or any other cause of secondary ICH. All CT
scans at presentation as well as follow-up CT scans obtained
within 48 hours of symptom onset were analyzed.

Clinical data were recorded at the time of index presentation
by stroke neurologists as part of routine clinical care. Collected
data included information on demographics, previous medical
history, Glasgow Coma Scale score (GCS), and pre-ICH medi-
cation use. International normalized ratio (INR) was determined
as part of routine laboratory testing within 12 hours of admis-
sion. Subjects without an INR measurement obtained before
reversal of OAT were excluded from analysis.

Standard protocol approvals, registrations, and patient
consents. This study was performed with approval of the
MGH institutional review board and all subjects or their surro-
gates provided written informed consent prior to participation.

Patient follow-up. Patients and their caregivers were inter-
viewed by trained study staff over the telephone at 3 months
post-ICH to assess functional outcome using either the modified
Rankin Scale (mRS) or the Glasgow Outcome Scale (GOS).12

The use or discontinuation of medications after discharge (in-
cluding warfarin, antiplatelet agents, and statins) was specifically
assessed in this interview.

Neuroimaging analyses. All admission CT scans were re-
viewed by stroke neurologists blinded to clinical data to deter-
mine ICH location and identify IVH presence. ICH isolated to
the cortex (with or without involvement of subcortical white
matter) was defined as lobar, while ICH selectively involving the
internal capsule, thalamus, basal ganglia, or brainstem was de-
fined as deep. Hemorrhages isolated to the cerebellum were de-
fined as cerebellar ICH. IVH in the absence of a definite
parenchymal hematoma on admission CT scan was defined as
primary IVH. All subjects with ICH with evidence of one or
more bleeds involving multiple locations simultaneously were
classified as mixed location ICH.8 Disagreement regarding ICH
location was resolved by consensus of study neurologists and
neuroradiologists.

ICH and IVH volumes (both at admission and follow-up)
were calculated as previously described using a semiautomated
quantitative method with excellent interrater concordance.8

Outcomes and definitions. Age at time of ICH was analyzed
as a continuous variable. Pre-ICH medications (including warfa-
rin use) were analyzed as binary variables. We repeated all analy-
ses by substituting warfarin use with admission INR as a
predictor variable; INR was analyzed as a ordinal variable, based
on previously used cutoffs: �1.2, 1.2–2.0, 2.0–3.0, �3.0.10 We
compared each INR level with the reference group (INR �1.2),

and performed trend tests across categories to identify consistent
associations with increasing INR. GCS was divided according to
the following cutpoints: 15, 11–14, and 3–10 (roughly corre-
sponding to GCS tertiles in our dataset). Consistent with prior
studies, favorable functional outcome was defined as either 90-
day mRS 0–2 (n � 1,493, �80%) or 90-day GOS 4–5 (n �

795, �42%).12 A subset of patients (n � 597, 32%) had both
measures recorded, and we identified excellent concordance be-
tween measures (� � 0.90) for identification of favorable out-
come. We repeated all analyses after removal of patients with
discordant outcome assessment (n � 41, �2%) and observed
identical results (data not shown).

ICH and IVH volumes were analyzed as continuous vari-
ables (after log-transformation to achieve normality) when
treated as dependent variables, and categorized based on 10-mL
increases when treated as independent variables (expansion and
outcome prediction analyses). IVH volumes were analyzed as
dependent variables only when intraventricular extension of
ICH was present, to preserve normality of distribution and en-
sure robustness of regression analyses. Hematoma expansion was
defined as at least 33% or �6 mL increase in ICH volume on
comparison of follow-up and admission CT scans.7 IVH expan-
sion was defined as at least 2 mL increase between baseline and
follow-up CT scans.5 Additional analyses of ICH and IVH ex-
pansion were performed using the absolute volumetric change
(in cc) or the percent change as continuous variables and re-
turned very similar results (data not shown).

Statistical methods. Categorical variables were compared us-
ing Fisher exact test and continuous variables using the Mann-
Whitney rank-sum or unpaired t tests as appropriate. To
determine the influence of warfarin on functional outcome, he-
matoma (ICH) expansion, and IVH expansion, we used logistic
regression. We used linear regression to correlate warfarin with
ICH/IVH volumes. Candidate covariates for all multivariate
models included all variables showing a trend in association with
dependent variables in univariate analysis (p � 0.20), as well as
variables showing trends toward differential distribution in war-
farin users vs nonusers (p � 0.20). Bootstrap analysis (1,000
iterations) was subsequently used to compute multivariate effect
sizes, confidence intervals (CIs), and p values (percentile
method).

In order to investigate the impact of warfarin on functional
outcome, and the intermediate effects on ICH and IVH volu-
metric data, we used mediation analysis to quantify the joint or
independent contributions of pre-ICH characteristics and imag-
ing data to ICH outcome.13 All variables achieving statistical sig-
nificance in logistic regression ( p � 0.05) were included in
multivariate modeling for the purpose of effect size estimation.
Effect sizes (both direct and mediated) were estimated via boot-
strap (1,000 iterations). We also compared the contribution of
IVH volume measures to prediction of ICH outcome by com-
paring area under the curve (AUC) from receiver operator char-
acteristic (ROC) analyses for different multivariate models.

Because rates of IVH differ depending on location of ICH,14

we stratified all analyses by ICH location. All analyses were per-
formed using R v 2.10.0 (The R Project for Statistical Comput-
ing). Significance tests were 2-tailed with significance threshold
set at � � 0.05.

RESULTS Cohort characteristics. There were 1,956
individuals with primary ICH who presented during
the study enrollment period. Of these, 77 were ex-
cluded (CT scan not available: n � 12; CT scan poor
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quality: n � 9; refused consent: n � 20; outcome
determination not available: n � 15; admission INR
not available: n � 21), yielding 1,879 eligible sub-

jects (table 1). Excluded subjects did not differ from
study participants (all p � 0.20) for all demographic,
medical history, and medication characteristics.

Table 1 Cohort characteristicsa

Lobar ICH Deep ICH
Cerebellar
ICH

Mixed
location ICH Primary IVH

No. of subjects 796 865 153 15 50

Age, y, mean, SD 75.4 (10.3) 70.4 (12.9) 72.5 (12.7) 71.6 (11.4) 72.0 (13.2)

Female 412 (52) 415 (48) 74 (48) 6 (40) 25 (50)

Caucasian 702 (88) 694 (80) 134 (88) 13 (87) 42 (84)

History of hypertension 547 (69) 728 (85) 123 (80) 13 (87) 39 (78)

Ischemic heart disease 177 (22) 196 (23) 36 (23) 5 (36) 18 (36)

Type 2 diabetes 135 (17) 215 (25) 23 (15) 3 (21) 12 (24)

Atrial fibrillation 175 (22) 160 (19) 36 (24) 5 (36) 23 (46)

Hyperlipidemia 264 (33) 263 (31) 60 (39) 3 (20) 20 (40)

Previous cognitive impairment 156 (20) 88 (10) 12 (08) 2 (14) 6 (0.12)

Pre-ICH mRS 3–5 223 (28) 165 (19) 38 (25) 2 (14) 14 (28)

Previous AIS/TIA 104 (13) 135 (16) 29 (19) 1 (07) 8 (16)

Previous ICH 72 (9) 32 (4) 5 (3) 3 (21) 0 (0)

Statin use 218 (27) 218 (25) 48 (31) 2 (13) 17 (34)

Aspirin/antiplatelet use 325 (41) 328 (39) 63 (42) 5 (36) 18 (36)

Warfarin use 184 (21) 215 (25) 47 (31) 3 (20) 30 (60)

Admission INR

<1.2 533 (67) 562 (65) 94 (61) 9 (60) 15 (30)

1.2–2.0 80 (10) 95 (11) 15 (10) 4 (27) 7 (14)

2.0–3.0 88 (11) 86 (10) 9 (6) 1 (7) 14 (28)

>3.0 95 (12) 122 (14) 35 (23) 1 (7) 14 (28)

Glasgow Coma Scale score

15 334 (42) 329 (37) 76 (50) 10 (67) 23 (46)

11–14 215 (27) 199 (23) 28 (18) 2 (13) 9 (18)

3–10 245 (31) 346 (40) 49 (32) 3 (20) 18 (36)

Admission SBP, mm Hg, mean (SD) 181 (22) 177 (21) 175 (20) 185 (14) 180 (18)

Admission DBP, mm Hg, mean (SD) 95 (15) 94 (19) 92 (17) 90 (15) 99 (13)

Time to imaging, median (IQR), h 7.4 (1.3–21.9) 5.9 (1.8–16.3) 6.7 (1.8–19.6) 7.2 (2.0–17.8) 6.8 (1.2–18.3)

Baseline ICH volume, median (IQR) 33.5 (14.0–66.0) 13.0 (5.0–32.0) 11.0 (3.0–25.0) 35.0 (16.5–69.5) 0.0 (0.0–0.0)

Intraventricular extension
(IVH volume >0 cc) 309 (42) 440 (56) 59 (48) 11 (73) 50 (100)

Baseline IVH volume, median (IQR)b 5.0 (2.0–17.5) 12.0 (4.0–32.5) 3.0 (1.5–9.0) 4.4 (0.2–14.5) 26.4 (7.0–67.0)

Follow-up CT available 343 (43) 416 (48) 50 (33) 8 (53) 31 (0.62)

Interscan time, median (IQR), h 18.5 (8.2–29.2) 17.6 (7.5–26.3) 17.8 (7.9–27.3) 17.5 (7.4–27.6) 16.8 (6.9–26.5)

Follow-up ICH volume, median (IQR) 28.0 (11.5–53.0) 12.0 (4.5–26.5) 5.0 (2.0–10.0) 16.0 (5.6–36.6) 0.0 (0.0–0.0)

Follow-up IVH volume, median (IQR)b 4.0 (1.0–10.0) 10.0 (2.0–24.0) 1.0 (0.5–3.0) 4.0 (0.6–17.5) 16.5 (5.0–53.7)

ICH expansion (>33% or
>6 cc increase)c 53 (15) 75 (18) 6 (12) 3 (38) 0 (0)

IVH expansion (>2 cc increase)c 29 (8) 73 (18) 3 (6) 1 (13) 5 (16)

Favorable outcome (90 days)d 191 (24) 147 (17) 40 (26) 3 (20) 12 (24)

Death (90 days) 279 (35) 320 (37) 55 (36) 4 (27) 13 (26)

Abbreviations: AIS � acute ischemic stroke; DBP � diastolic blood pressure; ICH � intracerebral hemorrhage; INR � inter-
national normalized ratio; IVH � intraventricular hemorrhage; mRS � modified Rankin Scale; SBP � systolic blood pressure.
a All data reported as absolute number (%), unless otherwise specified.
b Data reported only for subjects with intraventricular hemorrhage �0.0 cc.
c Percentages computed for subjects with follow-up CT scan available.
d Defined as mRS 0–2 or Glasgow Outcome Scale 4–5.
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Among eligible subjects, 819 (44%) had IVH on
baseline CT scan, and 479 (26%) were on warfarin at
time of ICH. Across ICH in all locations, warfarin
use was more frequent (p � 0.008) in patients with
IVH (n � 256, 27%) compared to those without
(n � 198, 21%). IVH presence was more frequent in
mixed location and deep ICH, as opposed to lobar
and cerebellar ICH (both p � 0.001). Baseline IVH
volumes were larger in patients with primary IVH,
followed by deep ICH (both p � 0.001).

Follow-up CT scans were available for 848 sub-
jects (45%): subjects without follow-up CT had
lower GCS, higher baseline ICH and IVH volume
and rates of warfarin use (all p � 0.05). IVH exten-
sion was more frequent in primary IVH and deep
ICH compared to ICH in all other locations (both
p � 0.05).

IVH. Lobar ICH. Of 796 individuals with lobar ICH,
309 (42%) presented with accompanying IVH (table
1). Baseline ICH volume, use of an antiplatelet agent
or warfarin were associated with the development of
IVH (p � 0.05). In multivariate analyses, only base-
line ICH volume independently predicted IVH (p �
0.001). However, multivariate analysis including ad-
mission INR as a categorical variable (rather than
warfarin use as binary) revealed an association be-
tween INR �3.0 and IVH (odds ratio [OR] � 2.14,
95% CI 1.08–4.25, p � 0.021).

Deep ICH. Among 865 individuals with deep
ICH, 440 (56%) had accompanying IVH at presen-
tation (table 1). History of previous ICH, warfarin
use, and baseline ICH volume were each associated
with IVH (p � 0.05). In multivariate analysis, base-
line ICH volume (p � 0.001) and warfarin (OR
1.38, 95% CI 1.07–1.08, p � 0.013) were indepen-
dently associated with risk of IVH. We also identi-
fied associations between IVH and INR �3.0 (OR
1.63, 95% CI 1.12–2.36, p � 0.010).

Cerebellar and mixed ICH. IVH was present in 59
cerebellar (48%) and 11 mixed location ICH (73%).
Only baseline ICH volume was predictive of IVH in
both univariate and multivariate analysis for these 2
groups (both p � 0.01). We found no association
between IVH and either warfarin or admission INR
(all p � 0.20). We therefore did not perform addi-
tional analyses in these subgroups.

Baseline IVH volume. Lobar ICH. Among 309 lobar
ICH with IVH at baseline, OAT and ICH volume
were associated with increasing IVH volume (p �
0.001). In multivariate analysis both baseline ICH
volume (p � 0.002) and warfarin (� 0.067, p �
0.001) independently increased IVH volume. We es-
timated that warfarin increased baseline IVH volume
by approximately 1.3 mL based on multivariate re-
gression coefficients. Analyses of INR are presented
in figure 1A.

Figure 1 International normalized ratio (INR) and baseline intraventricular hemorrhage (IVH) volume

IVH volumes for lobar ICH (A) and deep ICH (B) are presented and analyzed only when IVH present (IVH volume �0.0 mL). All analyses adjusted for baseline
ICH volume. Lobar ICH: p value for comparison across categories (trend-test) � 0.008, deep ICH: p value for comparison across categories (trend-test) �

0.01. * p � 0.05 for comparison with INR �2.0, ** p � 0.01 for comparison with INR �2.0.
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Deep ICH. Among 440 deep ICH subjects with
IVH warfarin and baseline ICH volume correlated
with higher IVH volume (both p � 0.005). Multi-
variate analyses identified baseline ICH volume (p �
0.008) and warfarin (� 0.067, p � 0.004) as inde-
pendent predictors. We estimated IVH volumes to
be on average 2.2 mL larger in OAT users, based on
multivariate modeling. Analyses of INR are pre-
sented in figure 1B.

Primary IVH. Due to limited sample size (n � 50,
table 1), we were not able to identify predictors of
baseline primary IVH volume (all p � 0.20 in multi-
variate analysis). Warfarin was not associated with
IVH volume (p � 0.20 in both univariate and mul-
tivariate analysis). We therefore did not perform ad-
ditional analysis in this group.

IVH expansion. Lobar ICH. IVH expansion occurred in
29/309 (8%) patients (table 1). In univariate analysis
warfarin, history of hypertension, admission systolic

blood pressure, baseline ICH volume, baseline IVH
volume, and ICH expansion were all associated with
IVH expansion (p � 0.01). Multivariate modeling
identified baseline ICH volume, baseline IVH volume,
ICH expansion (all p � 0.007), and warfarin (OR 1.50,
95% CI 1.01–2.24, p � 0.046) as predictors of IVH
expansion. Analyses of INR are presented in figure 2A.

Deep ICH. Follow-up CT analyses identified IVH
expansion in 73/440 (18%) subjects (table 1). War-
farin, baseline ICH volume, baseline IVH volume,
and ICH expansion were associated with IVH expan-
sion (p � 0.005), while history of hypertension, ad-
mission systolic blood pressure, and hyperlipidemia
showed trends to association (p � 0.20). In multi-
variate analysis, baseline ICH volume, baseline IVH
volume, ICH expansion (all p � 0.001), and warfa-
rin (OR 2.90, 95% CI 1.02–8.25, p � 0.045) inde-
pendently predicted subsequent IVH expansion.
Analyses of INR are presented in figure 2B.

Figure 2 International normalized ratio (INR) and intraventricular hemorrhage (IVH) expansion in lobar and
deep intracerebral hemorrhage (ICH)

(A) IVH expansion risk for warfarin users (compared to nonusers) and by INR (compared to INR �1.2) for lobar ICH. p Value
for comparison across categories (trend-test) � 0.011. (B) IVH expansion risk for warfarin users (compared to nonusers)
and by INR (compared to INR �1.2) for deep ICH. p Value for comparison across categories (trend-test) � 0.006. All
multivariate analyses adjusted for baseline ICH volume, baseline IVH volume, and ICH expansion. CI � confidence interval;
OR � odds ratio.
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Functional outcome. Lobar ICH. Univariate and mul-
tivariate models of functional outcome that included
only pre-ICH clinical and demographic data (table
e-1 on the Neurology® Web site at www.
neurology.org) confirmed that warfarin was associ-
ated with decreased probability of favorable outcome
(OR 0.36, 95% CI 0.18–0.75, p � 0.006). Inclu-
sion of baseline ICH and IVH data (both p �

0.0001 for association with functional outcome) re-
duced the strength of the association between OAT
and outcome (OR 0.38, 95% CI 0.16–0.87, p �

0.022). Addition of ICH and IVH expansion data
completely removed the association between OAT
and mRS (OR 0.72, 95% CI 0.26–1.96, p � 0.52).
We calculated the contribution of OAT as well as
imaging parameters to 90-day outcome (figure e-1)
and found that �97% of the effect of warfarin was
explained by baseline and follow-up ICH and IVH
volume data. Separate inclusion of ICH and IVH
volume (both at baseline and at follow-up) resulted
in the highest predictive performance (AUC � 0.92)
of all models in ROC analysis (table e-2).

Deep ICH. Modeling functional outcome using
only pre-ICH clinical and demographic data (table
e-3) confirmed an association between warfarin and
90-day unfavorable outcome (OR 0.22, 95% CI
0.07–0.77, p � 0.017). As for lobar ICH, subse-
quent introduction of baseline and expansion ICH
and IVH data canceled the association between war-
farin and outcome (OR 0.98, 95% CI 0.32–3.0, p �

0.97). Once again, �95% of the observed effect of
warfarin on outcome was accounted for by ICH and
IVH baseline volumes and expansion (figure e-2). As
for lobar ICH, we observed the highest predictive
performance for outcome (AUC � 0.91) when IVH
and IVH volume and expansion were each included
in regression analyses (table e-2).

DISCUSSION Our results demonstrate that warfa-
rin worsens severity of IVH in the setting of ICH, by
increasing risk of its development, as well as its vol-
ume at presentation, and risk of subsequent IVH ex-
pansion. These data demonstrate that the effect of
OAT on IVH plays a substantial role in mediating
the impact of warfarin on ICH outcome. Indeed,
inclusion of IVH measurements in predictive models
of ICH outcome results in significant increase in pre-
dictive performance.

Our data suggest that the effect of warfarin on
ICH outcome is almost entirely mediated by ICH
volume, IVH volume, hematoma expansion, and
IVH expansion. We build on previous studies, which
identified a role for warfarin in worsening severity of
IVH.9,15 The large sample size of our study allowed
us to demonstrate a dose-response relationship be-

tween intensity of (i.e., INR) and IVH volume as
well as demonstrate effects specific to ICH location.
Taken together, these findings will allow for more
detailed modeling of ICH outcome, particularly in
the design of clinical trials. The most effective inter-
ventions will have to reduce both ICH and IVH
expansion.

Persistence of association between warfarin and
IVH after adjustment for ICH volume suggests that
both increased pressure from the parenchymal hema-
toma and perturbation of normal hemostasis con-
tribute to IVH formation and expansion. Warfarin’s
effect on IVH extension appears to be independent
of hematoma growth, a reflection of the dynamic re-
lationship between ICH and IVH. These data sup-
port the hypothesis that increased pressure due to
hematoma growth does not cease to influence IVH
progression after ventricular rupture.14

We used mediation analyses to estimate the inde-
pendent contribution of warfarin (regardless of inter-
mediate mechanisms) to 90-day outcome, and found
that almost the entirety of this effect was mediated by
1) baseline ICH volume; 2) baseline IVH volume; 3)
risk of ICH expansion; and 4) risk of IVH expansion.
The specific biological phenomena associated with
hematoma size and ventricular involvement remain
only partially understood, and might include devel-
opment of hydrocephalus, decreased consciousness,
and intraventricular inflammation.16 Our data do
not allow us to further address these issues, which are
of great relevance in devising effective therapeutic so-
lutions. We do, however, present evidence suggesting
that future research should focus on CT volumetric
data as important markers of ICH severity, particu-
larly for OAT-ICH.

Our study has limitations. We performed a retro-
spective analysis of prospectively collected data, thus
limiting our ability to standardize study protocol and
procedures. A change in study design during the
course of the cohort study forced us to use a hetero-
geneous definition of favorable outcome. Fortu-
nately, this is more likely to have biased our analyses
toward a negative finding, as we identified no corre-
lation between GOS vs mRS availability and either
ICH location or OAT use. We also observed good
correlation between scales in a substantial subset of
patients with both scores recorded, further support-
ing the robustness of our findings. Our study is also
subject to unmeasured confounding by indication.
Clinical care teams determined whether and when to
perform follow-up CT scans, and warfarin-exposed
patients did have lower rates of follow-up CT scan-
ning. This imbalance is likely to have, if anything,
biased our analysis toward the null hypothesis of no
effect of warfarin on IVH expansion. Similarly, the
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approach to reversal of anticoagulation was at the
discretion of the medical team caring for the patient.
In order to avoid any bias introduced as a result, we
could therefore only study admission INR and were
unable to assess the role, if any, of anticoagulation
reversal. Finally, despite the large sample size of our
study cohort, we had limited statistical power for
analyses of the subjects with cerebellar and mixed
location ICH, as well as primary IVH.
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