Research

JAMA | Original Investigation

Association of Surgical Hematoma Evacuation vs Conservative
Treatment With Functional Outcome in Patients
With Cerebellar Intracerebral Hemorrhage

Joji B. Kuramatsu, MD; Alessandro Biffi, MD; Stefan T. Gerner, MD; Jochen A. Sembill, MD; Maximilian . Spriigel, MD; Audrey Leasure, BS;

Lauren Sansing, MD; Charles Matouk, MD; Guido J. Falcone, MD; Matthias Endres, MD; Karl Georg Haeusler, MD; Jan Sobesky, MD; Johannes Schurig, MD;
Sarah Zweynert, MD; Miriam Bauer; Peter Vajkoczy, MD; Peter A. Ringleb, MD; Jan Purrucker, MD; Timolaos Rizos, MD; Jens Volkmann, MD;
Wolfgang Miillges, MD; Peter Kraft, MD; Anna-Lena Schubert, MD; Frank Erbguth, MD; Martin Nueckel, MD; Peter D. Schellinger, MD, PhD;

Jorg Glahn, MD; Ulrich J. Knappe, MD; Gereon R. Fink, MD; Christian Dohmen, MD; Henning Stetefeld, MD; Anna Lena Fisse, MD; Jens Minnerup, MD;
Georg Hagemann, MD; Florian Rakers, MD; Heinz Reichmann, MD; Hauke Schneider, MD; Jan Rahmig, MD; Albert Christian Ludolph, MD;

Sebastian Stdsser, MD; Hermann Neugebauer, MD; Joachim Réther, MD; Peter Michels, MD; Michael Schwarz, MD; Gernot Reimann, MD;

Hansjorg Bazner, MD; Henning Schwert, MD; Joseph ClaRen, MD; Dominik Michalski, MD; Armin Grau, MD; Frederick Palm, MD;

Christian Urbanek, MD; Johannes C. Wohrle, MD; Fahid Alshammari, MD; Markus Horn, MD; Dirk Bahner, MD; Otto W. Witte, MD;

Albrecht Giinther, MD; Gerhard F. Hamann, MD; Manuel Hagen, MD; Sebastian S. Roeder, MD; Hannes Liicking, MD; Arnd Dorfler, MD;

Fernando D. Testai, MD, PhD; Daniel Woo, MD; Stefan Schwab, MD; Kevin N. Sheth, MD; Hagen B. Huttner, MD, PhD

= Editorial page 1355
IMPORTANCE The association of surgical hematoma evacuation with clinical outcomes in

Supplemental content
patients with cerebellar intracerebral hemorrhage (ICH) has not been established.

OBJECTIVE To determine the association of surgical hematoma evacuation with clinical
outcomes in cerebellar ICH.

DESIGN, SETTING, AND PARTICIPANTS Individual participant data (IPD) meta-analysis of
4 observational ICH studies incorporating 6580 patients treated at 64 hospitals across
the United States and Germany (2006-2015).

EXPOSURE Surgical hematoma evacuation vs conservative treatment.

MAIN OUTCOMES AND MEASURES The primary outcome was functional disability evaluated
by the modified Rankin Scale ([mRS] score range: O, no functional deficit to 6, death) at

3 months; favorable (mRS, 0-3) vs unfavorable (mRS, 4-6). Secondary outcomes included
survival at 3 months and at 12 months. Analyses included propensity score matching and
covariate adjustment, and predicted probabilities were used to identify treatment-related
cutoff values for cerebellar ICH.

RESULTS Among 578 patients with cerebellar ICH, propensity score-matched groups included

152 patients with surgical hematoma evacuation vs 152 patients with conservative treatment

(age. 68.9 vs 69.2 years; men, 55.9% vs 51.3%; prior anticoagulation, 60.5% vs 63.8%; and

median ICH volume, 20.5 cm® vs 18.8 cm?). After adjustment, surgical hematoma evacuation

vs conservative treatment was not significantly associated with likelihood of better functional

disability at 3 months (30.9% vs 35.5%; adjusted odds ratio [AOR], 0.94 [95% Cl, 0.81t0 1.09],

P = 43; adjusted risk difference [ARD], -3.7% [95% Cl, -8.7% to 1.2%]) but was significantly

associated with greater probability of survival at 3 months (78.3% vs 61.2%; AOR, 1.25 [95% Cl,

1.07 t0 1.45], P = .005; ARD, 18.5% [95% Cl, 13.8% t0 23.2%]) and at 12 months (71.7%

vs 57.2%; AOR, 1.21[95% CI, 1.03 to 1.42], P = .02; ARD, 17.0% [95% Cl, 11.5% to 22.6%]).

A volume range of 12 to 15 cm? was identified; below this level, surgical hematoma evacuation

was associated with lower likelihood of favorable functional outcome (volume <12 cm?, 30.6%

vs 62.3% [P = .003]; ARD, -34.7% [-38.8% to -30.6%]; P value for interaction, .01), and above,

it was associated with greater likelihood of survival (volume =15 cm?, 74.5% vs 451% Aut .ho.r Afﬁ"at.iO"S: Author .
affiliations are listed at the end of this

[P < .001]; ARD, 28.2% [95% Cl, 24.6% to 31.8%]; P value for interaction, .02). article.
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Surgical Hematoma Evacuation vs Conservative Treatment and Functional Outcome in Cerebellar Intracerebral Hemorrhage

ased on an age-adjusted incidence-rate for intracere-

bral hemorrhage (ICH) in high-income countries for

the year 2010, it was estimated that cerebellar ICH
affects approximately 35 000 patients annually within the
European Union and the United States.!® There have not
been randomized trials of treatment interventions for
patients with cerebellar ICH. Since 1984, surgical hematoma
evacuation has been the preferred treatment approach, spe-
cifically in patients with larger hematomas and intraventricu-
lar involvement, given increased risk for brainstem compres-
sion and herniation.*® However, evidence on the association
between surgical hematoma evacuation and clinical out-
comes after cerebellar ICH has been limited to small observa-
tional studies.®-!° International guidelines including the
American Heart Association/American Stroke Association
guideline recommend surgical hematoma evacuation for cer-
ebellar ICH with diameter greater than 3 cm to improve out-
come; however, definite evidence to validate or refute this
recommendation is currently not available.*°!° As a result,
there is no commonly accepted management strategy for cer-
ebellar ICH and no general agreement regarding whether,
when, and how these patients should undergo surgical
intervention.®! The purpose of this study was to assess the
association of surgical hematoma evacuation with functional
outcome and mortality in patients with cerebellar ICH.

Methods

This study consisted of 2 parts: (1) a systematic review and ag-
gregate data meta-analysis of previously published studies and
(2) anindividual participant data (IPD) meta-analysis (Figure 1).
Findings are reported in accordance with the Preferred
Reporting Items for Systematic Review and Meta-analysis of
Individual Participant Data (PRISMA-IPD).!2

Search Strategy and Data Synthesis

Aggregate Data Meta-analysis

A systematic review of the Cochrane Library, Pub-med,
and Scopus databases, and international trial registries
(ClinicalTrials.gov, European Clinical Trials Database, UMIN
Clinical Trials Registry, Chinese Clinical Trial Registry) was per-
formed without language restrictions for clinical studies pub-
lished from January 1, 1980, to June 6, 2019, investigating adult
patients with cerebellar ICH according to treatment exposure
(surgical hematoma evacuation vs conservative treatment),
using search terms cerebellar OR infratentorial with hemor-
rhage OR hematoma. For full details of the statistical analysis
plan and aggregate data meta-analysis, refer to Figure 1;
eMethods, eTable 1, and eFigure 1in the Supplement. None of
the 13 identified studies of the systematic review fulfilled pre-
specified criteria for IPD contribution.

IPD Meta-analysis

Eligibility for IPD meta-analysis comprised the following
to address baseline and treatment confounding: (1) 10 or
more patients treated with surgical hematoma evacuation
for primary cerebellar ICH; (2) no other competing treat-
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Key Points

Question Is surgical hematoma evacuation compared with
conservative treatment associated with improved functional
outcome among patients with cerebellar intracerebral
hemorrhage (ICH)?

Findings In this individual participant data meta-analysis that
included 578 patients with cerebellar ICH, the proportion of
patients with a favorable functional outcome at 3 months (defined
as modified Rankin scale 0-3) for patients treated with surgical
hematoma evacuation vs conservative treatment was 30.9% vs
35.5%, a difference that was not statistically significant.

Meaning Surgical hematoma evacuation in patients with cerebellar
ICH was not associated with improved functional outcome.

ment intervention; (3) data available on timing of surgery (af-
ter symptom onset and hospital admission); (4) valid ICH
volume assessment (ABC/2 or volumetric measurement'?);
(5) recorded intraventricular hemorrhage, hydrocephalus,
or both; (6) standardized scoring of neurological status
(Glasgow Coma Scale; score range, 3-15 [comatose to alert]);
and (7) standardized functional outcome assessed by the
modified Rankin Scale (score range, 0-6 [no functional deficit
to death]) recorded at 3 months and 12 months after the
index event. To conduct IPD meta-analysis, authors decided
to extract cerebellar ICH patients from existing large studies
of general ICH patients and therefore screened appropriate
registered observational studies (ClinicalTrials.gov, European
Clinical Trials Database) as well as contacted established
investigative teams for patients with acute primary ICH in
the Western Hemisphere.

The present study (Figure 1) incorporated IPD from 4
of 7 approached studies (eTable 2 in the Supplement):
2 cohorts from the German-wide multicenter analysis of oral
anticoagulation-associated intracerebral hemorrhage that
integrated data from 22 tertiary care centers across Germany
(RETRACE part I [German-Wide Multicenter Analysis of Oral
Anticoagulation-Associated Intracerebral Hemorrhage], con-
ducted from 2006 to 2010">-'® and RETRACE part II, 2011
until 2015'71); UKER, a single-center observational cohort
study for primary spontaneous ICH conducted at the Univer-
sity Hospital Erlangen, Germany from 2006 to 20152%-21; and
ERICH (Ethnic/Racial Variations of Intracerebral Hemor-
rhage), a multicenter, prospective, case-control study that in-
cluded equal numbers of non-Hispanic white or black pa-
tients and Hispanic patients enrolled by 19 clinical recruitment
centers encompassing 42 hospitals across the United States
from 2010 to 2015.2223 Informed consent was obtained from
all participants or their legal representatives within each par-
ticipating study if not waived by the respective ethical com-
mittees. Institutional review boards or ethical committees re-
viewed and approved all study protocols.’>-2*

Data Extraction and Study Population
Principal investigators were contacted, and in accordance

with individual data-sharing requirements, full data sets of
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the entire observational cohorts were obtained. For the pre-
sent analyses of cerebellar ICH patients, inclusion criteria
comprised the following: (1) diagnosis of acute primary ICH;
(2) ICH originating from a cerebellar location; (3) age 18
years or older at time of event; and (4) no evidence of a sec-
ondary ICH etiology. Cerebellar ICH was defined as paren-
chymal ICH originating from cerebellar structures, such as
cerebellar hemispheres, anterior and posterior lobes, ver-
mis, or cerebellar tonsils. Patients with ICH located in the
midbrain, pons, or medulla, with or without extensions to
the cerebellar peduncles or the fourth ventricle, were not
scored eligible and were not enrolled into the present study.

Methodology of data acquisition and description of
included studies are reported in the online supplement
(eTable 3 in the Supplement). Baseline data on demographics
(age, sex), prior comorbidities (hypertension, coronary artery
disease, prior stroke, atrial fibrillation), prior medication
exposures (oral anticoagulation, antiplatelet medication),
in-hospital measures (time and date of admission to deter-
mine time from symptom-onset to admission, time from
admission to surgery, admission during on or off hours,
(weekdays, 7:00 AM-6:00 PM),2* reversal treatment with
fresh-frozen plasma or prothrombin complex concentrates),
and neurological status assessed by Glasgow Coma Scale
score upon hospital admission were obtained.!>-17:19-22.23
Patients who received comfort care measures were catego-
rized into 2 categories: early care limitations initiated within
24 hours after admission and withdrawal of care after 24
hours.!® Patients with early care limitations were excluded
from outcome analyses.

For the entire study population, imaging analyses were cen-
trally conducted at 2 imaging cores (Massachusetts General Hos-
pital and University Hospital of Erlangen) by study investiga-
tors blinded to clinical information. Hematoma volume was
determined using validated methods,'416-22:23 intralaboratory
measurements evaluated by Bland-Altman plots (eFigure 2 in
the Supplement), and all imaging-specific analyses for the
present study were corrected by using coefficients of varia-
tion. The IPD set was compiled and centrally analyzed by the
coordinating center (University Hospital Erlangen, Germany).

Intervention and Outcomes

The investigated intervention was dichotomized into surgi-
cal hematoma evacuation vs conservative treatment. Surgi-
cal hematoma evacuation was defined as any surgical proce-
dure evacuating parenchymal hematoma, such as craniectomy,
open craniotomy, or minimal invasive surgery.” The place-
ment of an external ventricular drainage for intracranial pres-
sure monitoring or cerebrospinal fluid diversion was not scored
as surgical hematoma evacuation.

The primary outcome was predefined as the proportion of
patients with favorable functional outcome at 3 months after
cerebellar ICH using the modified Rankin Scale (mRS [range:
0, no functional deficit to 6, death]). Favorable outcome was
defined as a score of O to 3 (0, no deficit to 3, being able to walk
independently with a walker or a cane) on an ordinal scale for
functional outcome assessment after stroke, and dichoto-
mously compared with the proportion of patients with unfa-
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vorable outcome (mRS, 4-6).2%2¢ Secondary outcomes con-
sisted of survival at 3 months (mRS 0-5), functional outcome
(mRS 0-3 vs 4-6) at 12 months, and survival at 12 months.
Follow-up information was obtained according to individual
study protocols by personnel blinded to clinical data.'>2*

Risk of Bias Assessment

The 4 observational studies were evaluated for risk of bias using
the Cochrane Collaboration domains and ROBINS-I tool (Risk
Of Bias In Nonrandomized Studies of Interventions)?” by con-
sensus of the lead authors (JBK, AB, KNS, HBH) presented in
eFigure 3 and eTable 4 in the Supplement.

Statistical Analysis

The statistical analysis plan and further details regarding meth-
odology of aggregate data and IPD meta-analyses are pro-
vided in the eMethods (Supplement).'? Heterogeneity was
evaluated by Cochran Q testing and calculated IZ values pre-
sented with according range.?®:2° For aggregate data meta-
analyses and interstudy variance of treatment effects across
those studies providing IPD, heterogeneity was considered sig-
nificant for P values less than .1, and inconsistency of results
was determined according to the GRADE Handbook.>°

For the pooled IPD, study population sensitivity analyses
regarding bias involved baseline confounding, treatment, error
of ICH volume measurements, time-varying confounding,
withdrawal of care, excluded patients, and missing out-
comes. To address confounding, a doubly robust estimation
technique was applied using propensity score matching and
further covariate adjustments.! Baseline confounders (age,
Glasgow Coma Scale score, ICH volume, intraventricular hem-
orrhage, prior oral anticoagulation, reversal treatment, and
on-hour admissions status) were included into the propen-
sity score matching procedure, which was carried out by bal-
anced parallel (1:1) using a nearest neighbor approach with
a caliper of 0.2.3!

IPD meta-analyses of the propensity score-matched co-
hort were conducted as a 1-stage approach of binary out-
comes using logistic regression in a generalized estimating
equations model with an exchangeable working correlation
structure using a robust estimator to account for clustering.
This model used a normal distribution with identity link to cal-
culate adjusted odds ratios (ORs) and adjusted absolute risk
differences (ARDs; conservative treatment as reference) de-
rived from predicted proportions of these models.?23* Base-
line confounding required severity adjustments for age, neu-
rological status (Glasgow Coma Scale), ICH volume, and
intraventricular hemorrhage. The model was complemented
by interaction terms to avoid ecological bias for treatment co-
variate interactions® for interstudy variance (study x inter-
vention), increased propensity of surgery during on-hour ad-
mission (on-hour admission x intervention), and for reversal
treatment due to the presence of patients prescribed oral an-
ticoagulation (reversal treatment x intervention) within the IPD
study population. Potential error in ICH volume measure-
ments was counteracted by additional integration of the co-
efficient of variation for ICH volume-associated analyses. Out-
come information was consistent with missing completely at
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random (the Little MCAR test, P = .21), was not statistically dif-
ferent across studies and for the intervention, and was handled
with multiple imputation analyses by fully conditional
specifications.?® Exploratory subgroup analyses of the pro-
pensity score-matched cohort were calculated for the binary
outcomes using the same regression procedure without the
subgroup defining variable within categorized analyses. The
interaction of surgical hematoma evacuation with outcomes
was considered significant for P values of less than .05 and in-
teractions of exploratory subgroup analyses were tested using
the subgroup-defining variable (variable x intervention) and
conservative treatment as reference.

Adjusted predicted probabilities (range, 0-1) of binary out-
comes at 3 months (mRS, 0-3 and mRS, 0-5) were calculated,
and graphical linear regression analyses of the predicted prob-
ability values were used to identify cutoff values for associa-
tions of surgical hematoma evacuation with ICH volumes. The
intersections of the 95% CIs determined significant cutoff val-
ues comparing surgical hematoma evacuation vs conserva-
tive treatment. To validate predicted associations, adjusted OR
estimates, based on existing data, were calculated using a bi-
nary logistic generalized estimating equations model within
specific volume frames (frames = sliding windows using a vari-
able volume range determined by the median of this window
sliding upwards at 1-cm? steps) corrected for measurement er-
ror by the coefficient of variation and for overestimation by the
method of moving averages. To test the statistical signifi-
cance for associations of surgical hematoma evacuation with
the identified ICH volume thresholds, adjusted regression mod-
els of the propensity score-matched cohort applied interac-
tion analyses (surgical hematoma evacuation x volume thresh-
old). All tests were 2-sided with a significance level at a = 0.05,
which was corrected for multiplicity using the Holm sequen-
tial Bonferroni procedure to minimize type 1 error accumula-
tions. Analyses were conducted using SPSS version 21.0 and
R software version 3.3.1.

.|
Results

Systematic Review and Aggregate Data Meta-analysis

The systematic review of existing studies analyzing associa-
tions of surgical hematoma evacuation with functional out-
come and mortality in cerebellar ICH revealed significant
heterogeneity, substantial data inconsistency, and severe bias
due to confounding (worse neurological status and larger cer-
ebellar ICH volumes in surgically treated patients) across the
identified 13 studies (eTable 1 and eFigure 1 in the Supple-
ment). None of these studies fulfilled eligibility criteria for
IPD pooling.

Study Population of Individual Participant

Data Meta-analysis

To analyze associations of surgical hematoma evacuation vs
conservative treatment with clinical outcomes the present in-
vestigation, we obtained individual participant data from 4
large observational studies (RETRACE-I[N = 1176]; RETRACE-IL
[N =1328]; UKER[N = 1076]; and ERICH [N = 3000]). Of 6580
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patients with ICH, 578 patients with cerebellar ICH were iden-
tified resulting in a crude prevalence of cerebellar ICH of 8.8%
(578/6580; eTable 2 in the Supplement).

Risk of Bias Assessment and Adjustments

Statistical heterogeneity, with respect to interstudy variance of
treatment associations with clinical outcomes, was not signifi-
cant, and inconsistency of results across participating studies
was determined low to moderate (I fluctuation span, 0%-
48%; eFigure 4 in the Supplement). Risk of bias, evaluated using
Cochrane Collaboration domains, was judged as low, as well as
ROBINS-I evaluation, which showed overall moderate risk across
all 4 studies (eFigure 3 and eTable 4 in the Supplement).

Among the study population, surgical hematoma evacua-
tion was performed in 174 of 578 patients with cerebellar ICH
(30.1%) at a median of 338 (IQR, 187-701) minutes after hospi-
tal admission (Table). As compared with patients who
received conservative treatment, patients with surgical
hematoma evacuation showed significant imbalances on sev-
eral variables: (1) younger mean age (68.8 [SD, 11.1] years vs
71.1 [SD, 12.9] years; mean difference, -2.3 years [95% CI,
-4.5 to -0.1]; standardized mean difference [SMD], -0.18
years); (2) worse neurological status on admission (Glasgow
Coma Scale score, 13 [95% CI, 6 to 15] vs 15 [95% CI, 13 to 15];
mean difference, -1.9 score values [95% CI, -2.7 to -1.2];
SMD, -0.45 score values); (3) larger ICH volumes (21.8 cm?
[IQR, 14.0 to 30.6] vs 7.1 cm? [IQR, 3.3 to 16.1]; mean differ-
ence: 11.6 cm?® [95% CI, 9.4 to 13.8]; SMD, 0.86 cm?); and (4)
more frequent IVH (87/174 patients [50.0%] vs 151/404
patients [37.4%]; risk difference [RD], 12.6% [95% CI, 3.8% to
21.3%]; SMD, -0.26%) (Table).

The crude distribution of functional outcome showed a
significantly reduced proportion of favorable functional out-
come in patients with surgical hematoma evacuation when
compared at 3 months (mRS of 0-3, 48/174 patients [27.6%])
vs those who received conservative treatment (220/404
patients [54.5%]; OR, 0.32 [95% CI, 0.22 to 0.47]; P < .001;
RD, -26.9% [95% CI, —34.6% to -18.3%]), and also when com-
pared at 12 months (mRS of 0-3, 48/174 patients with surgical
hematoma evacuation [27.6%] vs 217/404 patients who
received conservative treatment [53.7%]; OR, 0.33 [95% CI,
0.22 to 0.48]; P < .001; RD, -26.1% [95% CI, -33.9% to
-17.5%]), but it showed no significant association with sur-
vival at 3 months (136/174 patients with surgical hematoma
evacuation [79.2%] vs 317/404 patients who received conser-
vative treatment [78.5%]; OR, 1.02 [95% CI, 0.66 to 1.57];
P = .93; RD, -0.3% [95% CI, -8.0% to 6.7%]), or at 12 months
(122/174 patients with surgical hematoma evacuation [70.1%]
vs 302/404 patients who received conservative treatment
[74.8%]; OR, 1.26 [95% CI, 0.85 to 1.87]; P = .25; RD, -4.6%
[95% CI, -12.8% to 3.1%]) (eFigure 5 in the Supplement). Pro-
pensity score matching resulted in a balanced cohort
(n = 304; Table; eFigure 6 in the Supplement) used for all fur-
ther exploratory subgroup analyses, and sensitivity analyses
of patients who were excluded (early care limitations,
propensity-score-matching, and surgical time windows)
showed no significant interaction between treatment and
outcomes (eTables 5-7 in the Supplement).
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Table. Baseline Characteristics of Patients With Cerebellar ICH Comparing Surgical Hematoma Evacuation vs Conservative Treatment®

Nonmatched Cohort (n = 578)

Propensity-Matched Cohort (n = 304)

Absolute Absolute
Surgery Conservative Difference Surgery Conservative Difference
(n=174) (n = 404) (95% CI)° SMD¢ (n=152) (n=152) (95% CI)° SMD¢
Age, mean (SD), y 68.8(11.1) 71.1(12.9) -2.3 -0.18 68.9(10.8) 69.2 (13.6) -0.4 0.03
(-4.5t0-0.1) (-3.1t02.4)
Male sex, No. (%) 98 (56.3) 209 (51.7) 4.6 -0.09 85 (55.9) 78(51.3) 4.6 -0.09
(-4.3t013.2) (-6.5t015.6)
Female sex, No. (%) 76 (43.7) 195 (48.3) -4.6 0.09 67 (44.1) 74 (48.7) -4.6 0.09
(-13.2t04.3) (-15.6t06.5)
Medical history, No. (%)
Hypertension 138 (79.3) 341 (84.4) -5.1 0.14 121 (79.6) 126 (82.9) -3.3 0.08
(-12.5t01.5) (-12.1t05.5)
Prior oral 106 (60.9) 207 (51.2) 9.7 -0.19 92 (60.5) 97 (63.8) -3.3 0.07
anticoagulation (0.8t018.2) (-14.0t0 7.5)
Atrial fibrillation 84 (48.3) 175(43.3) 5.0 -0.10 73 (48.0) 80(52.6) -4.6 0.09
(-3.8t013.7) (-15.6 t0 6.6)
Prior ischemic 34 (19.5) 95 (23.5) -4.0 0.10 32(21.1) 33(21.7) -0.7 0.01
stroke (-10.8 t0 3.6) (-9.9t0 8.6)
Antiplatelet use 32(18.4) 89 (22.0) -3.6 0.09 28(18.4) 20(13.2) 53 -0.14
-10.3t03.8) (-3.0t0 13.5)
Coronary artery 28 (16.1) 60 (14.9) 1.2 -0.03 27 (17.8) 19 (12.5) 53 -0.15
disease (-4.8t08.2) (-2.9t013.4)
On-admission status,
median (IQR)
Glasgow Coma 13 15 -1.9 -0.45 14 14 0.1 0.02
Scale? (6to 15) (13 to 15) (-2.7t0-1.2) (7 to 15) (5to 15) (1.0to 1.2)
ICH score® 2 2 0.4 0.35 2 2 0.0 0.02
(1to3) (1to3) (0.2t00.6) (1to3) (1to3) (-0.3t00.3)
Imaging
ICH volume, 21.8 7.1 11.6 0.86 20.5 18.8 1.7 0.13
median (IQR), cm3f (140t030.6)  (3.3to16.1)  (9.4t013.8) (13.4t028.4)  (8.2t028.1)  (-1.3t04.7)
Intraventricular 87 (50.0) 151 (37.4) 12.6 -0.26 74 (48.7) 67 (44.1) 4.6 -0.09
hemorrhage, No. (%) (3.8t021.3) (-6.5t015.6)
IVH volume, 0.2 0.0 0.9 0.10 0.08 0.0 13 0.12
median (IQR), cm39 (0.0t0 4.9) (0.0t0 1.0) (-2.5t00.7) (0.0t04.0) (0.0t03.9) (-0.4t02.4)
Graeb Score, 0 0 0.9 0.39 0 0 0.6 0.19
median (IQR)" (0to 3) (0to2) (0.3t01.6) (0to 3) (0to2) (-0.4t01.2)
Time windows and
other treatment
Onset to admission, 215 203 -107 -0.13 231 200 -60 -0.10
median (IQR), min (119t0 352) (90 to 320) (-249t0 34) (120 to 360) (90t0321) (-202 to 82)
Admission to surgery, 338 338
median (IQR), min (187 to 701) (193 to 710)
Admission during 116 (66.7) 239(59.2) 7.5 -0.16 100 (65.8) 94(61.8) 3.9 -0.08
“on” hours, No. (%) (-1.2t015.7) (-6.8t0 14.6)
Received reversal 100 (57.5) 152 (37.6) 19.8 -0.40 87 (57.2) 86 (56.6) 0.7 -0.01
treatment, No. (%) (11.0t0 28.3) (-10.4t011.6)
Early care limitations 3(1.7) 35(8.7) -6.9 0.28
(<24 h), No. (%)~ -10.3t0-2.9)
Withdrawal of care 16 (9.2) 25(6.2) 3.0 -0.06 11(7.2) 14(9.2) -2.0 0.04
(>24 h), No. (%)© (-1.4t08.6) -8.4t04.4)

Abbreviations: ICH, intracerebral hemorrhage; IQR, interquartile range;
IVH, intraventricular hemorrhage; SMD, standardized mean differences.

@ Surgical hematoma evacuation was performed in 144 of 174 (82.8%) patients
using decompressive craniectomy, in 26 of 174 (14.9%) using craniotomy, and
in 4 of 174 (2.3%) using minimal invasive techniques.

b Absolute differences are provided in percent for frequency data and for scales
or continuous variables as mean differences of the according measurement
unit (negative values indicate a decreased frequency or unit of measurement
from the reference [ie, conservatively treated patients]).

€ SMDs are given to compare the difference between patients with surgical
hematoma evacuation vs conservative treatment as well as before and after
the propensity score matching procedure.

9 Glasgow Coma Scale (range: 3, comatose to 15, alert).

€ 1CH score (range: O, highest chance of survival to 6, lowest chance of survival).

f ICH volume recorded on last imaging immediately prior to surgery or in
conservatively treated patients, baseline imaging or follow-up imaging,
if acquired within 24 hours.

8Measured in cubic centimeters for patients of the ERICH study only.

" Graeb Score (extent of intraventricular involvement: 0, no blood to 12,
tamponade of all ventricles) measured for patients of all other studies.

i On-hour admission indicates weekdays from 7:00 AM to 6:00 pm.2*

J Reversal treatment was scored when patients received any dose or
combination of fresh frozen plasma, prothrombin complex concentrates, and
activated Factor VIl to restore coagulation.

“Indicates a subcategory of patients who received care limitations—comfort

care measures. Early care limitations were initiated within 24 hours after
admission. For withdrawal of care, see Sembill et al."™
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Figure 2. Distribution of Modified Rankin Scale Scores at 3 and 12 Months for the Propensity Score-Matched Cohort
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Analyses of the Primary Outcome

The proportion of patients who achieved a favorable func-
tional status at 3 months was not significantly different among
patients who received surgical hematoma evacuation (47/152
[30.9%]) vs those who received conservative treatment (54/152
patients [35.5%]; P = .39; adjusted odds ratio [AOR], 0.94 [95%
CL, 0.81t01.09]; P = .43; ARD, -3.7% [95% CI, -8.7% t0 1.2%];
Figure 2, Figure 3A; eTable 8 in the Supplement). Exploratory
subgroup analyses showed a decreased odds to achieve favor-
able functional outcome at 3 months in patients with cerebel-
lar ICH volumes of less than 14.1 cm® who had undergone sur-
gical hematoma evacuation (15/43 patients [34.9%]) vs those
who received conservative treatment (36/59 patients [61.0%];
P =.01;AOR, 0.72[95% CI, 0.56 t0 0.94]; P = .01; ARD, -29.1%
[95% CI, -34.7% to —23.4%]; P value for interaction, .006;
Figure 3A; eTable 8 in the Supplement). To specify ICH vol-
ume cutoff values, adjusted predicted probabilities showed sig-
nificant associations of surgical hematoma evacuation per-
formed in ICH volumes of less than or equal to 12 cm?® with
reduced favorable functional outcome (Figure 4A), which were
validated using observed data estimates (11/36 patients [30.6%]
vs 33/53 patients [62.3%]; P = .003; AOR, 0.78 [95% CI, 0.64
to 0.94]; P = .01; ARD, -34.7% [95% CI, -38.8% to -30.6%);
Pvalue for interaction, .01; Figure 4B).

Analyses of Secondary Outcomes

The proportion of patients who survived at 3 months was sig-
nificantly increased among patients who received surgical
hematoma evacuation (119/152 [78.3%]) vs those who
received conservative treatment (93/152 [61.2%]; P = .001;
AOR, 1.25 [95% CI, 1.07 to 1.45]; P = .005; ARD, 18.5% [95%
CI, 13.8% to 23.2%]; Figure 2 and Figure 3B; eTable 9 in the
Supplement). The proportion of patients who achieved a
favorable functional status at 12 months was not significantly
different among patients who received surgical hematoma
evacuation (47/152 [30.9%]) vs those who received conserva-
tive treatment (53/152 [34.9%]; P = .46; AOR, 0.93 [95% CI,
0.82 to 1.07]; P = .30; ARD, -4.2% [95% CI, -9.6% to 1.3%];
Figure 2; eTable 10 in the Supplement).

JAMA October 8,2019 Volume 322, Number 14

The proportion of patients who survived at 12 months was
significantly increased among patients who received surgical
hematoma evacuation (109/152 [71.7%]) vs those who re-
ceived conservative treatment (87/152 [57.2%]; P = .008; AOR,
1.21[95% CI, 1.03 t0 1.42]; P = .02; ARD, 17.0% [95% CI, 11.5%
to 22.6%]; Figure 2; eTable 11 in the Supplement).

Exploratory subgroup analyses for survival at 3 months
showed increased odds in patients who received surgical he-
matoma evacuation within and above the second tertile at ICH
volumes of 14.1 cm?® or greater (50/59 [84.7%]) vs those who
received conservative treatment (26/42 [61.9%]); P = .009;
AOR, 1.36 [95% CI, 1.02 t0 1.82]; P = .04; ARD, 17.3% [95% CI,
8.4% 10 26.2%]; P value for interaction, .02; Figure 3B; eTable 9
in the Supplement). Exploratory subgroup analyses for out-
comes at 12 months are provided in eTables 10 and 11 in the
Supplement. To specify ICH volume cutoff values for sur-
vival at 3 months, adjusted predicted probabilities showed sig-
nificant associations of surgical hematoma evacuation per-
formed in ICH volumes of 15 cm? or greater (Figure 4C) with
increased survival, which was validated using observed data
estimates (76/102 [74.5%]) vs those who received conserva-
tive treatment (41/91[45.1%]; P < .001; AOR, 1.29[95% CI, 1.05
to1.58]; P = .02; ARD, 28.2%[95% CI, 24.6% t0 31.8%]; Pvalue
for interaction, .02; Figure 4D).

|
Discussion

In the present study, surgical hematoma evacuation in pa-
tients with cerebellar ICH was not associated with improved
functional outcome. Current management guidelines devel-
oped in Europe and the United States recommend surgical he-
matoma evacuation for patients with cerebellar ICH who pre-
sent with hematoma diameter of greater than 3 cm.%!° As
confirmed by the present aggregate data meta-analysis, the ob-
servational studies originally supporting adoption of this he-
matoma size threshold to guide cerebellar ICH management
were limited by small sample sizes and confounding due to se-
verity and indication biases.*” However, clinicians have long
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Figure 3. Exploratory Subgroup Analyses of Primary and Secondary Outcomes According to Treatment Exposure of the Propensity Score-Matched Cohort

E Favorable outcome at 3 mo

mRS 0-3 vs mRS 4-6 at 3 mo

Underwent Adjusted Absolute
Surgery No./ Risk Difference Adjusted Odds
Total No. (95% Cl), % Ratio (95% Cl)
Age (range), y
First tertile (38-65) 51/102 -5.0(-13.9t03.8) 0.90 (0.62-1.31)
Second tertile (66-75) 56/101 -5.3(-14.6t04.1) 0.98 (0.75-1.27)
Third tertile (76-99) 45/101 2.8(-7.4t013.0) 1.10(0.92-1.32)
ICH volume (range), cm3
First tertile (0-14) 43/102 -29.1(-34.7t0-23.4) 0.72 (0.56-0.94)
Second tertile (15-26) 59/101 10.9 (-1.2t0 22.6) 1.22(0.91-1.63)
Third tertile (>26) 50/101 2.9(-2.3t08.2) 1.06 (0.85-1.32)
Glasgow Coma Scale score (range)
First tertile (3-10) 53/102 8.3(-1.5t013.6) 1.20(0.91-1.58)
Second tertile (11-14) 54/100 -2.5(-12.1t0 7.1) 0.90(0.73-1.13)
Third tertile (15) 45/102 -14.6 (-29.6 t0 1.6) 0.94 (0.70-1.27)
Intraventricular hemorrhage
Present 74/141 5.1(-2.5t013.5) 1.03 (0.85-1.25)
Absent 78/163 -8.1(-22.5t06.4) 0.93(0.74-1.17)
Oral anticoagulation
Present 92/189 -3.9(-9.2t01.7) 0.94(0.79-1.11)
Absent 60/115 6.4 (-3.5t016.4) 1.39(0.83-2.34)
Antiplatelet medication
Present 28/48 21.4(-2.4t044.6) 1.47 (0.84-2.55)
Absent 124/256 -7.4(-16.6t0 2.1) 0.89(0.77-1.05)
Total 152/304 -3.7(-8.7t01.2) 0.94 (0.81-1.09)
Survival at 3 mo
mRS 0-5 vs mRS 6 at 3 mo
Underwent Adjusted Absolute
Surgery No./ Risk Difference Adjusted Odds
Total No. (95% Cl), % Ratio (95% CI)
Age (range), y
First tertile (38-65) 51/102 0.6 (-6.3t07.5) 1.03(0.74-1.44)
Second tertile (66-75) 56/101 13.2(-2.6t0 28.8) 1.18(0.92-1.52)
Third tertile (76-99) 45/101 19.5 (-2.0 t0 40.0) 1.28(0.92-1.65)
ICH volume (range), cm3
First tertile (0-14) 43/102 -3.6(-7.4t00.7) 0.98 (0.79-1.26)
Second tertile (15-26) 59/101 17.3(8.4t026.2) 1.36(1.02-1.82)
Third tertile (>26) 50/101 31.4(25.9t036.8) 1.46 (1.09-1.97)
Glasgow Coma Scale score (range)
First tertile (3-10) 53/102 32.9(24.7t041.0) 1.49(1.12-2.00)
Second tertile (11-14) 54/100 10.3(-2.2t022.4) 1.18(0.90-1.54)
Third tertile (15) 45/102 2.0(-3.5t07.5) 1.02 (0.78-1.33)
Intraventricular hemorrhage
Present 74/141 27.8(21.1t034.5) 1.32(1.05-1.66)
Absent 78/163 2.6(-2.7t07.9) 1.15 (0.94-1.40)
Oral anticoagulation
Present 92/189 12.9(6.6t019.1) 1.20(1.01-1.42)
Absent 60/115 16.3 (-1.7 to 34.1) 1.27(0.92-1.74)
Antiplatelet medication
Present 28/48 -8.2(-24.5t08.1) 0.93(0.58-1.51)
Absent 124/256 14.2 (9.1t019.3) 1.24(1.05-1.47)
Total 152/304 18.5(13.8t023.2) 1.25(1.07-1.45)
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Panel A shows the primary outcome (modified Rankin Scale [mRS] O-3 vs 4-6);
panel B shows the secondary outcome (mRS 0-5 vs 6) using logistic regressions
by a generalized estimating equations model, as described in the Statistical
Analysis section. Exploratory subgroup analyses of the propensity score
matched-cohort were displayed as forest plots using as dependent variables
primary and secondary outcomes without the subgroup-defining variable on

categorized regression models. Heterogeneity was considered significant for
P values of less than .5 and interactions of exploratory subgroup analyses were
tested using the subgroup-defining variable (variable x intervention) and
conservative treatment as reference. Adjusted results and unadjusted
frequency distributions and multiplicity correction are available online
(eTables 8-11in the Supplement). mRS score range: O (no deficit) to 6 (death).
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Figure 4. Independent Associations of the Intervention With ICH Volumes
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abided by these management recommendations, reflecting em-
pirical observations linking increased mortality rates with con-
servative (ie, nonsurgical) treatment in patients with larger
hemorrhages.? A cerebellar hematoma with 3-cm diameter
would translate to a volume of approximately 13.5 cm? (ap-

JAMA October 8,2019 Volume 322, Number 14

plying the established ABC/2 bedside technique for volume
estimation),'* a threshold which closely aligns with the pro-
posed 12 to 15 cm? cutoff range identified here.

Study results provide additional guidance in managing
treatment for patients with cerebellar ICH. Survival benefits
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after surgical hematoma evacuation were driven by patients
with larger hematoma volumes, however not translating into
concomitant improvement in postsurgical functional out-
come. The latter observation contrasts with results from pub-
lished meta-analyses of decompressive surgery trials for treat-
ment of malignant middle cerebral artery infarction, which in
addition to demonstrating reduced mortality risk, also re-
ported improved functional outcomes following surgical
intervention.?”-3® A variety of mechanisms may account for this
discrepancy. The cerebellum displays unique neuroanatomi-
cal properties, mainly reflected in the complex cerebro-, spino-,
and vestibulo-cerebellar connections involved in the genera-
tion of network-induced voluntary movements, their coordi-
nation, balance, and accuracy.*® Thus, cerebellar injury may
lead to neurological deficits accounted for by more complex
and widespread disruption of neuroanatomical pathways,
eventually compensated differently as compared with supra-
tentorial stroke.

Accurate determination of hematoma volume mirrors
a crucial step in care delivery for patients with cerebellar ICH.
The identified associations of ICH volumes with clinical
outcomes may facilitate clinical decision-making and com-
munication with patients and their families in regard to
expected benefits from surgical treatment. Reported data
will also provide valuable effect-size estimates for future
studies of cerebellar ICH.® The potential benefits of surgical
hematoma evacuation, in terms of functional outcome
improvement, appear to be limited at best.*”® A future prag-
matic randomized clinical trial could involve those patients
likely to benefit from operative interventions, as determined
in this study after exploratory subgroup analyses. Specifi-
cally, while age and prior antithrombotic treatment should
not necessarily represent exclusion criteria, patients who
demonstrate clinical deterioration, hematoma volumes
between 15 and 30 cm?, and evidence of intraventricular
involvement on computed tomographic imaging should be
randomized to receive either surgical or conservative treat-
ment, ultimately to include intraventricular fibrinolysis.®2*

Limitations
This study has several limitations. First, this was a retrospec-
tive study with lack of randomization, blinding, and measure
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of surgical success. Second, propensity score matching to
account for confounding may not have completely compen-
sated for apparent treatment bias.>! This approach was lim-
ited by lack of conservatively treated controls available for
matching with (usually more severely affected) patients who
underwent surgical hematoma evacuation. Mildly impaired,
conservatively treated patients with smaller hematomas also
proved difficult to match with similar patients who under-
went surgical treatment. Thus, this study focused primarily
on patients presenting with intermediate-sized hematomas,
for whom optimal management remains controversial. Third,
this study was limited by lack of standardization in regard to
decision-making to opt for surgical hematoma evacuation or
hydrocephalus treatment. While quantitative serial assess-
ments of neurological status and standardized follow-up
imaging to predict clinical decompensation (eg, basal cistern
or brainstem compression) may have further enhanced
analyses, they would have also required application of pro-
spectively implemented and protocolized study procedures.
Therefore, in this study, imaging measures of interest were
restricted to easily quantifiable variables (ICH volume and
ventricular involvement) less prone to interrater variability.
Nonetheless, absent standardized volumetric assessment of
hematoma volumes in all patients, approximate calculated
ICH volumes may have resulted in overestimates or underes-
timates. Fourth, despite the relatively large number of par-
ticipants in this study, sample size for subgroup analyses and
for comparison of different surgical strategies may still be too
small to detect relevant differences in outcomes. In addition,
outcome was scored according to individual study protocols
and may have been influenced by variances in time point
estimation or assessment methodology.

. |
Conclusions

Among patients with cerebellar ICH, surgical hematoma
evacuation, compared with conservative treatment, was not
associated with improved functional outcome. Given the
null primary outcome, investigation is necessary to estab-
lish whether there are differing associations based on hema-
toma volume.
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