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Abstract
Objective

To investigate the prevalence, predictors, and prognostic effect of hematoma expansion (HE)
in patients with intracerebral hemorrhage (ICH) with unclear symptom onset (USO).

Methods

We performed a retrospective analysis of patients with primary spontaneous ICH admitted at S
academic medical centers in the United States and Italy. HE (volume increase >6 mL or >33%
from baseline to follow-up noncontrast CT [NCCT]) and mortality at 30 days were the
outcomes of interest. Baseline NCCT was also analyzed for presence of hypodensities (any
hypodense region within the hematoma margins). Predictors of HE and mortality were ex-
plored with multivariable logistic regression.

Results

We enrolled 2,165 participants, 1,022 in the development cohort and 1,143 in the replication
cohort, of whom 352 (34.4%) and 407 (35.6%) had ICH with USO, respectively. When
compared with participants having a clear symptom onset, patients with USO had a similar
frequency of HE (25.0% vs 21.9%, p = 0.269 and 29.9% vs 31.5%, p = 0.423). Among patients
with USO, HE was independently associated with mortality after adjustment for confounders
(odds ratio [OR] 2.64, 95% confidence interval [CI] 1.43-4.89, p = 0.002). This finding was
similar in the replication cohort (OR 3.46, 95% CI 1.86-6.44, p < 0.001). The presence of
NCCT hypodensities in patients with USO was an independent predictor of HE in the
development (OR 2.59, 95% CI 1.27-5.28, p = 0.009) and replication (OR 2.43, 95% CI
1.42-4.17, p = 0.001) population.

Conclusion

HE is common in patients with USO and independently associated with worse outcome. These
findings suggest that patients with USO may be enrolled in clinical trials of medical treatments
targeting HE.
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Glossary

BP = blood pressure; CI = confidence interval; CSO = clear symptom onset; CTA = CT angiography; GCS = Glasgow Coma
Scale score; HE = hematoma expansion; ICH = intracerebral hemorrhage; IQR = interquartile range; IVH = intraventricular
hemorrhage; LSW = last seen well; NCCT = noncontrast CT; OR = odds ratio; SBP = systolic blood pressure; USO = unclear

time of symptom onset.

Hematoma expansion (HE) is common in patients with
acute intracerebral hemorrhage (ICH) and even small
amounts of hematoma growth increase the likelihood of
death and functional dependence." Being potentially pre-
ventable and independently associated with unfavorable
outcome, HE represents a plausible therapeutic target.2
Active bleeding leading to hematoma enlargement typically
occurs early in the natural history of ICH, as confirmed by
the observation that shorter time from symptom onset to
ICH diagnosis strongly predicts HE.> Furthermore, medical
treatments targeting HE such as intensive systolic blood
pressure (SBP) reduction and coagulopathy reversal are
likely to be most effective when administered very soon after
ICH onset.”® Therefore, known time of symptom onset and
hospital presentation within few hours are typical inclusion
criteria for the majority of clinical trials targeting HE.®®
Patients with ICH with unclear time of symptom onset
(USO) are underrepresented in clinical trials and observa-
tional studies on HE. Furthermore, most of the imaging
predictors and tools to stratify the risk of HE have been
described and validated only in patients with ICH with a
clear onset of symptoms.”'° Preliminary evidence from a
retrospective single-center study suggested that more than
one-third of patients with ICH present with USO but the
significance of HE in this population remains unknown.''
We aimed to characterize the frequency, predictors, and
prognostic effect of HE in patients with ICH with USO.

Methods

Standard Protocol Approvals, Registrations,
and Patient Consents

The Institutional review boards and ethical committees of
each participating center approved all the study procedures.
Written informed consent was obtained by patients or family
members or waived by the institutional review board.

Patient Selection

To answer the research question of this study, predictors of
HE and outcome in patients with USO were explored in a
single center population of patients with ICH (development
cohort). In order to assess the generalizability and external
validity of our findings, all the analyses were repeated in an
independent multicenter population (replication cohort).!>"?

Participants included in the development cohort were retro-
spectively selected from a single prospectively collected cohort
of patients with primary spontaneous ICH (Massachusetts
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General Hospital, Boston; patients admitted from 1994 to
2015). Participants included in the replication cohort were
retrospectively selected from the pool of patients with primary
spontaneous ICH admitted at the following 4 academic stroke
centers: (1) Spedali Civili, Brescia, Italy (patients admitted
from 2008 to 2019); (2) Arcispedale S. Anna, Ferrara, Italy
(patients admitted from 2010 to 2019); (3) IRCCS Mondino
Foundation, Pavia, Italy (patients admitted from 2017 to
2019); and (4) IRCCS Istituto di Scienze Neurologiche di
Bologna, Italy (patients admitted from 2015 to 2019).

For the present study, we applied the following main inclusion
criteria: (1) diagnosis of primary spontaneous ICH; (2) age
>18; (3) availability of baseline and follow-up noncontrast CT
(NCCT) images; and (4) for patients with USO, inclusion
was restricted to those receiving a baseline NCCT within 48
hours from time last seen well (LSW). ICH cases associated
with anticoagulant treatment were also included. We excluded
patients with any of the following conditions: (1) traumatic
intracranial bleeding; (2) vascular malformation, tumor, or
any other intracranial lesion known or presumed to be cause
of secondary ICH; (3) isolated primary intraventricular
hemorrhage (IVH); (4) missing NCCT images; (S) hema-
toma evacuation before follow-up NCCT; (6) hemorrhagic
conversion of ischemic brain lesion; or (7) presence of mul-
tiple ICH. The figure illustrates the study population selection
flowchart.

Clinical Variables

The following categories were created: patients with an un-
certain time of symptom onset, including patients with wake-
up stroke, were classified as USO; patients with a known onset

of stroke symptoms were classified as clear symptom onset
(CSO).H’H

The following variables were collected: history of hyperten-
sion, history of diabetes, antiplatelet and anticoagulant treat-
ment, admission blood pressure (BP), Glasgow Coma Scale
score (GCS), and baseline NCCT timing (defined as time
from LSW to NCCT in patients with USO and time from
symptom onset to NCCT in patients with CSO). These
clinical variables were collected by trained investigators,
blinded to the outcomes of interest, through patients’ or
family members’ interview and review of all available medical
records. BP was treated following the American Heart
Association/American Stroke Association guidelines.ls_18
Patients with anticoagulant-associated ICH underwent coa-
gulopathy reversal following international guidelines.'®"
Mortality at 30 days from the index event was recorded
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Figure Population Selection Flowchart
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ICH =intracerebral hemorrhage; IVH = intraventricular hemorrhage; NCCT =
noncontrast CT.

through outpatient clinical evaluations, telephone interviews,
or querying national social security databases.

Image Acquisition and Analysis

NCCT scans were acquired with 3- to 5-mm slice thickness
axial reconstruction following the local NCCT acquisition
protocol at each site. Baseline and follow-up ICH volumes on
NCCT images were determined with a semi-automated,
computer-assisted planimetric measurement. All patients
underwent follow-up NCCT scan at 24 hours from baseline
scan or earlier in case of neurologic deterioration and HE was
defined as absolute hematoma volume increase >6 mL or
relative hematoma volume increase >33%."

NCCT images were reviewed by trained raters, blinded to the
outcomes of interest, for determination of ICH location and
presence of intrahematoma hypodensities and IVH. ICH lo-
cation was classified as lobar (parenchymal bleeding in cortex
and cortical-subcortical junction), deep (parenchymal
bleeding in thalamus, basal ganglia, internal capsule, deep
periventricular white matter), cerebellar, or brainstem (pa-
renchymal bleeding in midbrain, pons, or medulla oblon-
gata).”* NCCT hypodensities were defined as any hypodense
area encapsulated within the ICH with any shape, size, and
density.'® Good inter-rater reliability for hypodensities de-
tection (Cohen « > 0.80) has been previously shown.”**

When available, CT angiography (CTA) images were ana-
lyzed for the presence of the spot sign, defined as at least one
focus of contrast extravasation within the hematoma, not
connected with any surrounding blood vessels and having any
size or shape and density >120 Hounsfield units.**

Statistical Analysis

Categorical variables were expressed as count (percentage)
and compared using the x* test. Continuous variables were
expressed as median (interquartile range [IQR]) or mean

Neurology.org/N

Table 1 Population Characteristics

Replication
Development cohort (n = P
cohort (n =1,022) 1,143) Value

Presence of USO 352 (34.4) 407 (35.6) 0.570
Age,y 72 (63-80) 74 (66-81) 0.009
Sex, male 575 (56.3) 594 (52.0) 0.045
History of 824 (80.6) 776 (67.9) <0.001
hypertension
Antiplatelet 472 (46.2) 364 (31.8) <0.001
treatment
Anticoagulant 219 (21.4) 161 (14.1) <0.001
treatment
SBP, mm Hg 177 (38) 160 (32) <0.001
DBP, mm Hg 93 (24) 90 (20) 0.001
GCS 14 (10-15) 14 (11-15) 0.415
Baseline NCCT 4.9 (2.3-10.1) 4.0 (2.3-8.9) 0.008
timing, h
Baseline ICH 15 (16-36) 13 (6-31) 0.046
volume, mL
Follow-up ICH 16 (6-42) 16 (6-38) 0.531
volume, mL
ICH expansion 235 (23.0) 351 (30.7) <0.001
ICH location 0.004

Lobar 393(38.5) 499 (43.7)

Deep 528 (51.7) 572 (50.0)

Cerebellar 54 (5.3) 44 (3.8)

Brainstem 47 (4.6) 28 (2.4)
Presence of IVH 441 (43.2) 350 (30.6) <0.001
Presence of NCCT 222/722 (30.7) 593 (51.9) <0.001
hypodensities
Mortality at 30 294 (28.8) 190 (16.6) <0.001

days

Abbreviations: DBP = diastolic blood pressure; GCS = Glasgow Coma Scale
score; ICH = intracerebral hemorrhage; IVH = intraventricular hemorrhage;
NCCT = noncontrast CT; SBP = systolic blood pressure; USO = unclear
symptom onset.

Values are n (%), median (interquartile range), or mean (SD).

(SD) based on their distribution, evaluated with the Shapiro-
Wilk test, and compared using the Mann-Whitney and ¢ test,
respectively. Mortality at 30 days and HE were the main
outcomes of interest of the analysis and their predictors were
investigated with multivariable binary logistic regression. All
covariates included in logistic regression models were pre-
defined, based on previous literature on HE and outcome
in ICH.

Prediction models for mortality were adjusted for age, ad-
mission GCS, IVH presence, ICH volume, and location
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Table 2 Comparison Between Patients With Unclear Symptom Onset (USO) and Clear Symptom Onset (CSO)

Development cohort

Replication cohort

USO (n = 352) CSO (n = 670) p Value USO (n = 407) CSO (n =736) p Value
Age,y 73 (62-80) 72 (63-80) 0.856 76 (69-81) 73 (63-80) <0.001
Sex, male 207 (58.8) 368 (54.9) 0.235 209 (51.4) 385 (52.3) 0.756
History of hypertension 297 (84.4) 527 (78.8) 0.028 300 (73.7) 476 (64.7) 0.002
Antiplatelet treatment 159 (45.2) 313 (46.7) 0.638 133 (32.7) 231 (31.4) 0.653
Anticoagulant treatment 78 (22.2) 141 (21.0) 0.680 67 (16.5) 94 (12.8) 0.086
SBP, mm Hg 174 (38) 179 (38) 0.049 158 (31) 161 (31) 0.061
DBP, mm Hg 92 (23) 94 (24) 0.312 87 (16) 92 (21) <0.001
GCS 14 (9-15) 15 (11-15) 0.001 14 (11-15) 14 (11-15) 0.625
Baseline NCCT timing, h 7.9 (4.1-15.4) 4.0(1.8-7.2) <0.001 10.0 (6.3-14.0) 2.7 (2.0-4.2) <0.001
Baseline ICH volume, mL 18 (6-41) 13 (6-33) 0.010 16 (6-39) 12 (5-26) <0.001
Follow-up ICH volume, mL 20 (7-48) 14 (6-36) 0.005 18 (7-43) 14 (6-34) 0.001
ICH expansion 88 (25.0) 147 (21.9) 0.269 119 (29.9) 232(31.5) 0.423
ICH location 0.860

Lobar 137 (38.9) 256 (38.2) 186 (45.7) 313 (42.5) 0.268

Deep 184 (52.3) 344 (51.3) 193 (47.4) 379 (51.5)

Cerebellar 16 (4.5) 38(5.7) 20(4.9) 24 (3.3)

Brainstem 15(4.3) 32(4.8) 8(2.0) 20 (2.7)
Presence of IVH 163 (46.3) 278 (41.5) 0.140 153 (37.6) 197 (26.8) <0.001
Presence of NCCT hypodensities 70/241 (29.0) 152 (31.6) 0.483 219 (53.8) 374 (50.8) 0.332
Presence of CTA spot sign 50/201 (24.9) 101/402 (25.1) 0.947 24/69 (34.8) 41/127 (32.3) 0.723
Mortality at 30 days, 123 (34.9) 171 (25.5) 0.002 91 (22.4) 99 (13.5) <0.001

Abbreviations: CTA = CT angiography; DBP = diastolic blood pressure; GCS = Glasgow Coma Scale score; ICH = intracerebral hemorrhage; IVH = in-
traventricular hemorrhage; NCCT = noncontrast CT; SBP = systolic blood pressure; USO = unclear symptom onset.

Values are n (%), median (interquartile range), or mean (SD).

(infratentorial vs supratentorial).l‘25 Prediction models for
HE included baseline ICH volume, anticoagulant treatment,
and time from symptom onset/LSW to baseline NCCT.*®

In secondary analyses, all logistic regression models for
mortality were adjusted also for variables with a potential
effect on HE and outcome (anticoagulant treatment, history
of hypertension, admission BP values, and NCCT timing)3’27
and logistic regression models for HE included admission
SBP?” and antiplatelet treatment® as well. We also analyzed
HE as a continuous variable, defining absolute hematoma
growth as total ICH volume increase from baseline to follow-
up NCCT. The following secondary analyses were performed
as well: (1) in patients with availability of CTA, we analyzed
the risk of HE in spot sign positive patients with USO; (2) the
logistic regression models for HE and mortality in patients
with USO were repeated after the exclusion of infratentorial
ICH and including ICH location (supratentorial lobar vs

supratentorial deep) as a covariate”®??; and (3) predictors of

Neurology | Volume 96, Number 19 | May 11, 2021

HE and mortality were studied also in CSO participants to
allow comparison with predictors in patients with USO.

All the analyses were performed with the statistical package
SPSS version 21.0 (spss.com) and statistical significance was
set at p < 0.0S.

Data Availability
Requests to access the dataset may be sent to the corre-
sponding author.

Results

A total of 2,165 patients were included in the study: 1,022 in
the development cohort and 1,143 in the replication cohort.
The flowchart is illustrated in the figure. The comparison
between included and excluded participants showed that ex-
cluded patients were more frequently on anticoagulant
treatment and had larger baseline ICH volume and higher

Neurology.org/N
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Table 3 Predictors of Mortality in Patients With Unclear Symptom Onset

Development cohort (n = 352)

Replication cohort (n = 407)

OR (95% CI) p Value OR (95% CI) p Value
Model 1
Age,y 1.04 (1.01-1.06) 0.008 1.03 (1.00-1.06) 0.028
Baseline ICH volume, mL 1.03 (1.02-1.04) <0.001 1.01 (1.00-1.02) 0.040
GCS 0.89 (0.83-0.96) 0.002 0.79 (0.73-0.86) <0.001
Infratentorial location 1.23(0.97-1.56) 0.095 1.08 (0.81-1.44) 0.609
IVH presence 2.37(1.31-4.32) 0.005 2.85(1.58-5.13) <0.001
Hematoma Expansion 2.64 (1.43-4.89) 0.002 3.46 (1.86-6.44) <0.001
Model 2
Age,y 1.04 (1.01-1.07) 0.004 1.04 (1.01-1.08) 0.007
Baseline ICH volume, mL 1.03 (1.02-1.04) <0.001 1.01 (1.00-1.02) 0.279
GCS 0.89 (0.83-0.96) 0.002 0.79 (0.73-0.86) <0.001
Infratentorial location 1.29 (1.02-1.65) 0.036 1.09 (0.82-1.45) 0.550
IVH presence 2.33(1.27-4.27) 0.006 2.88(1.59-5.22) 0.001
Absolute Hematoma Growth, mL 1.04 (1.02-1.07) 0.001 1.06 (1.03-1.08) 0.005

Abbreviations: CI = confidence interval; GCS = Glasgow Coma Scale score; ICH = intracerebral hemorrhage; IVH = intraventricular hemorrhage; OR = odds

ratio.

rates of IVH and mortality (all p < 0.01). Table 1 shows the
general characteristics of the study populations. The fre-
quency of USO was 34.4% and 35.6% in the development and
replication cohort, respectively.

Table 2 summarizes the comparison between USO and CSO
participants. Patients with ICH with USO more frequently
had hypertension, had larger baseline ICH volume, and had
higher rate of mortality at 30 days. However, this difference in
outcome was no longer significant after adjustment for ICH
volume and other potential confounders in multivariable lo-
gistic regression.

The rate of HE was similar in patients with USO and CSO
(25.0% vs 21.9%, p = 0.269 and 29.9% vs 31.5%, p = 0.423)
and among patients with USO the occurrence of HE was
independently associated with mortality at 30 days, as shown
in table 3. This finding was confirmed also when HE was
analyzed as a continuous variable, with each mL of hematoma
growth associated with a 4% and 6% increase in the odds of
death in the development and replication cohort, respectively.
The independent association between HE and mortality in
patients with USO was confirmed when the logistic regression
models were also adjusted for other potential confounders in
secondary analyses (odds ratio [OR] 2.64, 95% confidence
interval [CI] 1.38-5.0S, p = 0.003 in the development cohort
and OR 3.43, 95% CI 1.76-6.69, p < 0.001 in the replication
cohort).

Neurology.org/N

Multivariable analysis of HE predictors in patients with USO
showed that the presence of NCCT hypodensities was in-
dependently associated with an increased risk of HE (OR
2.59, 95% CI 1.27-5.28, p = 0.009 and OR 2.43, 95% CI
1.42-4.17, p = 0.001 in the development and replication co-
hort, respectively), as shown in table 4. These findings
remained significant also after adjustment for SBP and anti-
platelet treatment (OR 2.80, 95% CI 1.35-5.79, p = 0.006 in
the development cohort; OR 2.23, 95% CI 1.29-3.85, p =
0.004 in the replication cohort). Table S summarizes the risk
of ICH expansion stratified by baseline NCCT timing.
Among patients with USO, 45.5% and 69.7% of patients ex-
periencing HE presented after 6 hours from LSW in the de-
velopment and replication cohort, respectively.

In patients with USO with availability of CTA images (n =
201, 57.1% and n = 69, 17% in the development and repli-
cation cohort, respectively), the risk of HE was significantly
higher in spot sign positive patients (development cohort:
22/50,44.0% vs 24/151, 15.9%, p < 0.001; replication cohort:
14/24, 58.3% vs 10/4S, 22.2%, p = 0.003). This association
was confirmed after adjustment for confounders (binary
multivariable logistic regression with backward elimination at
p < 0.1, including baseline ICH volume, NCCT timing, and
anticoagulant treatment) in both the study populations (OR
3.60,95% CI 1.67-7.74, p = 0.001 in the development cohort
and OR 3.36,95% CI 1.07-10.54, p = 0.038 in the replication
cohort).
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Table 4 Predictors of Hematoma Expansion in Patients With Unclear Symptom Onset

Development cohort

Replication cohort

OR (95% CI) p Value OR (95% CI) p Value

Baseline ICH volume 1.00 (0.99-1.01) 0.705 1.02 (1.01-1.03) <0.001
Anticoagulant treatment 2.53(1.21-5.31) 0.014 2.11(1.11-3.88) 0.017
NCCT hypodensities 2.59 (1.27-5.28) 0.009 2.43(1.42-4.17) 0.001
Baseline NCCT timing
<6 h Reference Reference

6-12 h 1.02 (0.48-2.18) 0.960 0.76 (0.42-1.36) 0.353
>12h 0.35(0.15-0.82) 0.016 0.46 (0.24-0.88) 0.019

Abbreviations: Cl = confidence interval; ICH = intracerebral hemorrhage; NCCT = noncontrast CT; OR = odds ratio.

Secondary analysis on ICH location showed that HE
remained associated with mortality in patients with USO also
after exclusion of infratentorial ICH (OR 3.29, 95% CI
1.71-6.33, p < 0.001 in the development cohort and OR 3.30,
95 CI 1.75-6.24, p < 0.001 in the replication cohort). When
we explored the association between ICH location and HE in
USO patients, the risk of HE did not differ between lobar and
deep supratentorial ICH (OR 0.86, 95% CI 0.48-1.54, p =
0.619 and OR 0.76, 95% CI 0.46-1.25, p = 0.275 in the
development and replication population, respectively).

Finally, when predictors of HE were analyzed also in patients
with CSO and compared with patients with USO, we ob-
served that the CTA spot sign predicted HE with a higher
effect size in the CSO population (OR 4.36, 95% 2.48-7.68, p
< 0.001 in the development cohort and OR 7.21, 95% CI
2.84-18.31, p < 0.001 in the replication cohort).

Discussion

In this retrospective multicenter study, we observed that ap-
proximately one-third of patients with ICH presented with
USO and among these patients HE was common and in-
dependently associated with mortality. The presence of
hypodensities on baseline NCCT, a known marker of HE in
CSO,* was an independent predictor of HE also in patients
with USO.

Despite the extended time to initial NCCT, the rate of HE did
not differ between patients with USO and CSO in our co-
horts, in agreement with previously reported results by Inoue
et al.'"! ICH size is directly associated with the risk of HE**®
and the larger baseline ICH volume in patients with USO may
explain this finding. Differences in ICH volume may also ac-
count for the observed higher unadjusted mortality risk in
patients with USO and in line with previous literature this
difference was no longer significant after accounting for ICH
volume and other potential confounders in multivariable
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analysis."" The lack of a significant difference in HE rate be-
tween CSO and USO may also be the consequence of limited
statistical power. However, this possibility appears unlikely as
our power to detect a $% difference in the rate of HE between
CSO and USO, assuming a type I error rate (a) of 0.0S, was
greater than 80%.>"

As expected, we noted an inverse association between time
from LSW to NCCT and the probability of HE in patients
with USO, consistent with findings from patients with CSO
that HE risk is highest with early presentation. This suggests
the need for prompt recognition and treatment of acute ICH
even when the time of symptom onset is unknown. However,
another interesting finding of our analysis is that the majority
of USO expanders presented beyond 6 hours from LSW and
HE was not uncommon in USO patients receiving a NCCT
after 12 hours from LSW.

Accurate identification of ideal candidates for antiexpansion
treatment in clinical trials is a research priority and the optimal
selection strategy remains a matter of debate.”>** Because the
presence of USO is a common cause of ineligibility for ICH
trials,>* the results of our analysis may help the design and
implementation of future randomized studies targeting HE.
Our findings raise the intriguing hypothesis that patients with
USO at high risk of HE may be included in clinical trials,
therefore expanding the pool of ICH-eligible patients. The
probability of HE in USO cases can be stratified with the
presence of hypodensities, a neuroimaging marker that re-
quires only a baseline NCCT scan and identifies patients at
high risk of HE and therefore more likely to benefit from
experimental therapies targeting active bleeding in ICH.
However, previous studies did not find an interaction between
hypodensities presence and clinical benefit from intensive
SBP lowering®® or tranexamic acid administration.>®

Multiple NCCT predictors and tools to stratify the risk of HE
have been described recently but the majority of these studies
were restricted to patients presenting within 6 hours from a
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Table 5 Frequency of Hematoma Expansion Stratified by Noncontrast CT (NCCT) Timing

ICH expansion, n (%)

Baseline NCCT <6 h Baseline NCCT 6-12 h Baseline NCCT >12 h p Value
Development cohort
uso 48/144 (33.3) 25/85 (29.4) 15/123 (12.2) <0.001
Ccso 127/461 (27.5) 14/120 (11.7) 6/89 (6.7) <0.001
Replication cohort
uso 36/89 (40.4) 55/179 (30.7) 28/139 (20.1) 0.004
Ccso 211/641 (32.9) 17/70 (24.3) 4/25 (16.0) 0.079

Abbreviations: Cl = confidence interval; CSO = clear symptom onset; ICH = intracerebral hemorrhage; OR = odds ratio; USO = unclear symptom onset.

known, witnessed onset of symptoms.>”*”® Further research
efforts to validate these imaging markers and test their di-
agnostic performance in patients with USO appear warranted.
We also showed that the CTA spot sign, a validated imaging
marker of HE in patients with CSO,” predicted HE in patients
with USO as well, but with different effect size. The observed
higher OR for HE in patients with CSO may be explained by
the different onset to scan time in the 2 groups as the spot
sign’s positive predictive value for HE decreases with longer

. 40
time from onset to scan.

Some limitations should be considered when interpreting the
results of this analysis. First, our results derive from a retro-
spective analysis and all the procedures for data collection,
laboratory tests, and imaging acquisition in different ICH
registries were not homogeneous. This may have influenced
our analysis and suggests the need for prospective confirma-
tion of our observations. We also noted heterogeneity in the
clinical and imaging features of the 2 study populations. In
particular, patients in the development population were more
severely affected and had worse outcome. The different en-
rollment setting, with the development cohort including also
intensive care unit patients and the replication cohort deriving
from stroke unit-based registries only, may account for these
discrepancies. Although these differences may have influ-
enced our study, the reproducibility and stability of our
findings across different settings and intensity of ICH care
may also be a strength of our analysis. Second, many patients
were excluded because of missing follow-up NCCT, therefore
introducing the possibility of selection bias in favor of less
severely affected patients.*! Excluded patients had larger
baseline ICH volume, higher rates of IVH, more anticoagulant
treatment, and worse outcome (data not shown), and may
have experienced hematoma enlargement and death before
receiving a follow-up CT scan. Early withdrawal of care may
also be a plausible explanation for the higher mortality ob-
served in excluded patients.*” Discontinuation of life-
sustaining therapies may have influenced our results (self-
fulfilling prophecy) and we did not have accurate data to

P . 43 .
account for this important variable.” Furthermore, previous
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studies reported geographical heterogeneity in limitation of
care dispositions and we cannot exclude relevant differences
between the 2 populations of our study.** Third, as this is a
nonrandomized study, influence by unmeasured confounders
cannot be excluded. Fourth, data on other imaging markers
such as CT angiography spot sign were limited and our pre-
liminary findings require prospective validation on a larger
sample size. Fifth, intensive BP reduction and its fluctuations
may modify the odds of HE and we were able to account for
admission SBP only.27 Furthermore, all the included patients,
especially in the development cohort, were recruited over a
long time period, during which multiple ICH guidelines were
published, with differences in SBP targets in the acute phase of
ICH."'® Therefore SBP management in the 2 study pop-
ulations and between patients in the same center may not
have been homogeneous, with a potential effect on the oc-
currence of HE.*’ Sixth, rapid coagulopathy treatment can
modify the odds of HE and poor outcome and we were not
able to explore the influence of this variable.” Further studies
are needed to clarify the influence of coagulopathy reversal
and investigate whether there are differences in coagulopathy
management in patients with USO vs CSO.

One in 3 patients with ICH present with USO. Among these
patients, HE is common and independently associated with
mortality, representing an appealing therapeutic target. If
prospectively confirmed, these findings may inform future
studies and expand the number of patients eligible for ran-
domized trials targeting active bleeding.
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