& frontiers

@ Check for updates

OPEN ACCESS

EDITED BY

Stefano Fumagalli,

Mario Negri Institute for Pharmacological
Research (IRCCS), ltaly

REVIEWED BY

Achim Mdller,

University Hospital Zurich, Switzerland
Floris H. B. M. Schreuder,

Radboud University Medical Center,
Netherlands

Li Zhang,

Nanjing University, China

*CORRESPONDENCE
Adrian R. Parry-Jones
adrian.parry-jones@manchester.ac.uk

These authors have contributed equally to
this work and share first authorship

RECEIVED 21 December 2023
ACCEPTED 25 March 2024
PUBLISHED 05 April 2024

CITATION

Sobowale OA, Hostettler IC, Wu TY,

Heal C, Wilson D, Shah DG,

Strbian D, Putaala J, Tatlisumak T, Vail A,
Sharma G, Davis SM, Werring DJ, Meretoja A,
Allan SM and Parry-Jones AR (2024) Baseline
perihnematomal edema, C-reactive protein,
and 30-day mortality are not associated in
intracerebral hemorrhage.

Front. Neurol. 15:1359760.

doi: 10.3389/fneur.2024.1359760

COPYRIGHT

© 2024 Sobowale, Hostettler, Wu, Heal,
Wilson, Shah, Strbian, Putaala, Tatlisumak,
Vail, Sharma, Davis, Werring, Meretoja, Allan
and Parry-Jones. This is an open-access
article distributed under the terms of the
Creative Commons Attribution License

(CC BY). The use, distribution or reproduction
in other forums is permitted, provided the
original author(s) and the copyright owner(s)
are credited and that the original publication
in this journal is cited, in accordance with
accepted academic practice. No use,
distribution or reproduction is permitted
which does not comply with these terms.

Frontiers in Neurology

Frontiers in Neurology

TYPE Original Research
PUBLISHED 05 April 2024
pol 10.3389/fneur.2024.1359760

Baseline perihematomal edema,
C-reactive protein, and 30-day
mortality are not associated in
intracerebral hemorrhage
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Background: The relationship between baseline perihematomal edema (PHE)
and inflammation, and their impact on survival after intracerebral hemorrhage
(ICH) are not well understood.

Objective: Assess the association between baseline PHE, baseline C-reactive
protein (CRP), and early death after ICH.

Methods: Analysis of pooled data from multicenter ICH registries. We included
patients presenting within 24 h of symptom onset, using multifactorial linear
regression model to assess the association between CRP and edema extension
distance (EED), and a multifactorial Cox regression model to assess the
association between CRP, PHE volume and 30-day mortality.

Results: We included 1,034 patients. Median age was 69 (interquartile range
[IQR] 59-79), median baseline ICH volume 11.5 (IQR 4.3-28.9) mL, and median
baseline CRP 2.5 (IQR 1.5-7.0) mg/L. In the multifactorial analysis [adjusting for
cohort, age, sex, log-ICH volume, ICH location, intraventricular hemorrhage
(IVH), statin use, glucose, and systolic blood pressure], baseline log-CRP was
not associated with baseline EED: for a 50% increase in CRP the difference in
expected mean EED was 0.004 cm (95%CI 0.000-0.008, p = 0.055). In a further
multifactorial analysis, after adjusting for key predictors of mortality, neither
a 50% increase in PHE volume nor CRP were associated with higher 30-day
mortality (HR 0.97; 95%Cl 0.90-1.05, p=0.51 and HR 0.98; 95%Cl 0.93-1.03,
p =041, respectively).
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Conclusion: Higher baseline CRP is not associated with higher baseline edema,
which is also not associated with mortality. Edema at baseline might be driven
by different pathophysiological processes with different effects on outcome.

KEYWORDS

intracerebral hemorrhage, perihematomal edema, inflammation, C-reactive protein,

mortality

1 Introduction

Intracerebral hemorrhage (ICH) is a devastating condition with
limited treatment options (1). Primary neurological injury results
from direct physical tissue damage caused by the formation of the
hematoma and subsequent expansion (2, 3). Secondary injury results
from a cascade of cellular and molecular processes, initiated by both
brain tissue injury and the presence of blood in the brain parenchyma.
Secondary injury contributes to perihematomal edema (PHE)
formation and mass effect. The inflammatory response is a major
component of this and the modulation of inflammation may represent
an important therapeutic strategy in ICH (4).

Computed tomography (CT) of the brain in patients with ICH at
baseline typically shows low Hounsfield units (HU) in the
perihematomal brain, also seen as high signal on T,-weighted magnetic
resonance (MR) imaging, which is thought to be caused by PHE. Recent
studies using large ICH cohorts have found growth of PHE in the first
24-72h to be associated with poor outcome (5-7) but few studies have
focused on PHE at baseline (<24 h from onset). Baseline PHE is likely
to be driven by hydrostatic pressure associated with an expanding
hematoma and the coagulation of extravasated whole blood, with the
production of coagulum and serum accumulating in the
perihematomal brain parenchyma (8). Subsequent growth (beyond
24h) is thought to be mediated by vasogenic edema resulting from
inflammation induced blood-brain barrier disruption (9). Features of
systemic inflammation such as elevated C-reactive Protein (CRP)
(10-13), fever (14, 15), and peripheral leukocytosis (16, 17) are often
observed in ICH patients and are associated with worse clinical
outcomes. CRP is an acute phase reactant induced by interleukin-6
(10), which reflects both systemic and local inflammation (18).
However, given different proposed mechanisms of baseline PHE, it
remains unclear what role systemic inflammation plays in baseline
PHE, as the systemic inflammatory response to ICH takes hours to
evolve (18). Baseline systemic inflammation is likely to be more
reflective of pre-morbid health and may influence outcome from ICH
through different mechanisms.

Our aim was to determine the associations between baseline CRP,
as a surrogate marker for inflammation, and baseline EED, first in a
unifactorial analysis in the variables true form and then after
transforming key variables and adjusting for appropriate confounding
variables. In a further step, we tested for an independent association
of these measures with 30-day mortality.

2 Methods
2.1 Patients

We conducted a retrospective analysis of a combined cohort of
patients from four ICH registries from Salford Royal NHS Foundation
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Trust (SRFT, United Kingdom), Helsinki University Hospital (Helsinki,
Finland), Royal Melbourne Hospital (RMH, Melbourne, Australia) and
the Clinical Relevance of Microbleeds in Stroke (CROMIS-2) study.
The SRFT registry is a prospective registry of consecutive ICH patients
admitted from January 2013 to June 2019. The Helsinki ICH study is a
retrospective analysis of consecutive patients treated at Helsinki
University Hospital between January 2005 and March 2010 (19). The
RMH ICH study included consecutive patients admitted between
October 2007 and January 2012 (20, 21). The CROMIS-2 study was a
study that
spontaneous ICH patients between 2011 and 2015 from 78 centers in
the United Kingdom and one center in the Netherlands (22).

We included patients with baseline CRP measured in the clinical

prospective, multicenter observational recruited

laboratory at the admitting hospital and a baseline CT scan performed
within 24 h of symptom onset or last known well time in the present
analysis. Follow-up CT scans were not evaluated as these were only
available for a small subset of patients. For CROMIS-2 patients, only
the date and not the time of ICH onset, CT scans, and CRP samples
were recorded. Patients were only included in the analysis if all three
dates were the same, to ensure that all CT scans and CRP
measurements were within 24 h of onset. We excluded patients with
ICH associated with anticoagulant use or systemic thrombolysis
because baseline edema may be dependent on the functioning of the
clotting cascade and inclusion of such cases would confound
interpretation of our analyses. ICH secondary to vascular
malformations, trauma, underlying tumor, hemorrhagic
transformation of ischemic stroke, primary subarachnoid hemorrhage

from any cause including aneurysmal rupture were also excluded.

2.2 Clinical data

Patient demographic and clinical data were collected as part of
routine care in each clinical registry. Pre-specified data variables were
requested from each participating registry which were demographic,
clinical [time of symptom onset, baseline National Institutes of Health
Stroke Scale (NIHSS), and baseline Glasgow Coma Scale (GCS)],
radiological (hematoma location, presence of intraventricular
hemorrhage, baseline PHE, and hematoma volume), laboratory
(baseline glucose, baseline CRP), medication use at time of stroke
(statins, anticoagulants), and survival status at 30 days from symptom
onset. Each registry provided anonymized data to the data
coordinating and processing center at SRFT.

2.3 Hematoma and edema planimetric
volume ascertainment

Hematoma and edema volumes were segmented at each center
using semi-automated planimetry using previously published
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methods using either Analyze (Biomedical Imaging Resource; Mayo
Clinic) or Osirix (Pixmeo, Geneva, Switzerland) (23, 24). Briefly,
de-identified CT images were loaded on to planimetric software in
the Digital Imaging and Communications in Medicine format.
Edema volume was segmented using a fixed lower HU of 5 and a
flexible upper limit with a ceiling of 33 HU, comparing to the
unaffected hemisphere for visual estimate of edema vs. leukoaraiosis.
The HU range was kept within 44-100 HU for hematoma
segmentation. Three authors performed segmentation blinded to
clinical information (O.A.S. for Salford cohort, T.Y.W. for Melbourne
and Helsinki cohorts and I.C.H. for CROMIS-2 cohort). Our
previous work has demonstrated excellent inter-rater and intra-rater
reliability for both edema and ICH segmentation using our
approach (24).

2.4 Edema extension distance

Edema extension distance (EED) is a recently proposed edema
metric (25, 26), which calculates the average thickness in centimeters
of the edema surrounding the hematoma. The EED is relatively
independent of hematoma volume and is calculated using the
following formula:

Edema volume + ICH volume

We used the EED as the outcome variable in a linear regression
model to study factors associated with baseline PHE as the EED is
relatively independent of the hematoma volume when compared to
absolute PHE volume and thus a better indication of PHE alone (25,
26). We used absolute PHE volume as a co-factor in a Cox-regression
model with time to death as the outcome as we expect PHE to lead to
death by mass effect and raised ICP, thus absolute PHE volume is
preferred over EED when death is the outcome.

2.5 Statistical analysis

Standard descriptive statistics were used: we present continuous
variables using mean (standard deviation; SD) and categorical
variables using frequency and percentages. We initially assessed the
unifactorial association between baseline CRP and baseline edema
using simple linear regression. To determine the unifactorial
association between 30-day mortality and each of baseline PHE, EED
and CRP we used a series of Mann-Whitney U tests. We then
transformed ICH, PHE, and CRP using the natural logarithm to
satisfy statistical normal distribution assumptions. We then performed
multifactorial analyses to assess the association between baseline CRP
and baseline edema, and the association between baseline edema, CRP
and 30-day mortality, adjusting for center in all analyses.

Frontiers in Neurology

10.3389/fneur.2024.1359760

2.5.1 Association between baseline CRP and
edema

We performed a multifactorial linear regression model with
baseline EED as outcome variable, baseline natural logarithm of CRP
as the variable of interest. Covariates, chosen based on previous
studies where they have been shown to be associated with measures
of edema or where there was deemed to be a biological rationale for a
potential association, were (5-7, 25, 26): cohort, age, sex, natural
logarithm of ICH volume, ICH location, presence of IVH, baseline
systolic blood pressure, pre-stroke statin use, and baseline glucose.
When CRP was below the sensitivity of the assay used in the hospital
laboratory, we imputed a value halfway between zero and the lower
limit of assay sensitivity. To determine whether time from onset to
measurement altered the association between the variable of interest
and the outcome variable, we conducted a sensitivity analysis adding
time to CRP measurement and time to baseline CT to the
multifactorial model in a subset of patients where this information
was available.

2.5.2 Association between baseline CRP, PHE, and
risk of death

A multifactorial Cox regression model was used to examine the
association between baseline CRP and mortality up to 30 days as the
outcome variable and baseline natural logarithm of PHE volume as
the variable of interest. Again, covariates were chosen as, based on
previous studies, they are all well-established variables influencing
mortality risk after ICH. Covariates used in this model were: cohort,
baseline natural logarithm of CRP, GCS, sex, age, natural logarithm of
ICH volume, ICH location, presence of IVH, baseline systolic blood
pressure, pre-stroke statin use, and baseline glucose as covariates.

All data are expressed as median and interquartile range, unless
otherwise stated. We set the level of significance to 5% (p=0.05). All
statistical analysis were performed using STATA 15 (StataCorp. 2011.
Stata Statistical Software: Release 15. College Station, TX: StataCorp
LP). We report this study following the Strengthening the Reporting
of Observational Studies in Epidemiology (STROBE) guidelines.

3 Results
3.1 Baseline characteristics

Our initial sample had a total of 3,412 ICH patients. Patients were
excluded from the final analysis if they had one or more of the
following exclusion criteria: missing outcome (1 =605), missing CRP
value within 24h from symptom onset (n=1,335), missing other
independent variables (n=1,263), no first scan within 24h from
symptom onset (#=93), and/or being on anticoagulation (n=762).
Our final cohort included 1,034 patients (Helsinki n=591/1,013,
CROMIS-2 n=273/1,024, SRFT n=91/828, RMH n=79/545). Table 1
summarizes the baseline characteristics. Median age was 69 (IQR
59-79) and 463 patients (45%) were female. The median baseline GCS
was 14 (IQR 12-15). The median baseline ICH volume was 11.4 (IQR
4.3-28.7) mL; most hematomas were either deep (55%) or lobar (34%)
with a small proportion of hematomas in the posterior fossa
(brainstem 5%, cerebellum 6%). Intraventricular extension was
present in 379 patients (37%). Thirty-day mortality was 19.5%
(202 patients).
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TABLE 1 Baseline characteristics of sample used in primary analysis.

Total

n=1,034

Age, years 69 (59-79)

Female sex, N (%) 463 (45%)

Baseline GCS, med (IQR) 14 (12-15)

Baseline hematoma volume, mL med (IQR) 11.4 (4.3-28.7)

Mean baseline systolic BP, mmHg (SD) 173.2 (32.3)
Baseline glucose, med (IQR) 6.95 (5.9-8.5)
Baseline CRP, med (IQR) 2.5(1.5-7)

Baseline EED, cm, med (IQR) 0.37 (0.21-0.51)

Statin use, N (%) 216 (21%)

Hematoma location, N (%)

Lobar 352 (34%)
Deep 572 (55%)
Brainstem 53 (5%)
Cerebellum 57 (6%)
IVH, N (%) 379 (37%)

30-day mortality, N (%) 202 (19.5%)

10.3389/fneur.2024.1359760

Baseline EED

Baseline CRP

FIGURE 1
Scatter plot association baseline CRP and EED. CRP, C-reactive
protein; EED, Edema extension distance.

TABLE 2 Multifactorial linear regression model assessing the association
between baseline C-reactive protein and EED.

All data expressed as median (interquartile range) or mean as stated.
BP, Blood pressure; CRP, C-reactive protein; cm, Centimeter; EED, Edema extension
distance; GCS, Glasgow Coma Scale; IVH, Intraventricular hemorrhage; and mL, Milliliter.

3.2 Association between CRP and EED

Median CRP-value within 24h was 2.5 (IQR 1.5-7.0) mg/L. 422
(40.8%) CRP measurements were below assay sensitivity and were
thus imputed as described in the methods section. The median
baseline EED was 0.37 cm (IQR 0.21-0.51).

In the unifactorial analysis, higher baseline CRP was associated
with a higher baseline EED of 0.012 cm per 10 units of CRP (95% CI
0.000-0.018, p<0.001, Figure 1), but once we transformed the
variables and adjusted for confounding factors this relationship was
no longer significant. In a multifactorial linear regression model,
higher baseline log-CRP was not independently associated with
increased baseline EED: for a 50% increase in baseline CRP the
difference in expected mean baseline EED was 0.004cm
(95%CI— <0.001-0.008, p=0.055). Increasing age (0.001, 95%CI
<0.001-0.002, p=0.02) and baseline ICH volume [for a 50% increase
in baseline ICH, baseline EED increased on average 0.009 (95%CI
0.008-0.011), p<0.001] were associated with higher baseline EED
while male sex (—0.029, 95%CI —0.052 to —0.006, p=0.02), presence
of IVH (—0.067, 95%CI —0.093 to —0.040, p<0.001), brainstem
(—0.203, 95%CI —0.260 to —0.145, p=0.01), or cerebellar (—0.124,
95%CI —0.179 to —0.070, p<0.001) location were associated with
lower baseline EED (Table 2).

Both CRP and EED tended to be higher as time from onset
increased (Figure 2). We thus conducted a sensitivity analysis in a
subgroup of patients (n=670) with available time to CRP measurement
and time to CT scan from event as covariates. The association between
baseline log-CRP and baseline EED was not statistically significant:
for a 50% increase in baseline CRP baseline EED increased by
0.004 cm (95%CI < —0.002 to 0.009, p=0.17).
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Coefficient ~ SE 95% Cl -
value

logCRP 0.010 0.005 <—0.001 to 0.027 0.055
Male sex —0.029 0.015 —0.052 to —0.006 0.015
Age 0.001 0.016 <0.001 to 0.002 0.016
logICH volume 0.052 0.005 0.043-0.062 <0.001
IVH —0.067 <0.001 —0.093 to —0.040 <0.001
Location

Lobar - - - -

Deep —0.015 0.014 —0.042 to 0.121 0.279

Brainstem —0.203 0.014 —0.260 to 0.145 <0.001

Cerebellum —0.124 0.028 —0.179 to —0.070 <0.001
Statin use —0.010 0.015 —0.039 to 0.018 0.475
Baseline glucose <0.001 0.001 —0.002 to 0.004 0.599
Baseline systolic <—0.001 <0.001 <—0.001 to 0.176
BP <0.001
Cohort

Helsinki ref. - - -

CROMIS 0.205 0.014 0.176-0.232 <0.001

Melbourne 0.097 0.023 0.052-0.143 <0.001

Salford —0.130 0.021 —0.172 to —0.088 <0.001

BP, Blood pressure; CRP, C-Reactive protein; EED. Edema extension distance; and IVH,
Intraventricular hemorrhage.

3.3 Association between edema, CRP, and
30-day mortality

In initial unifactorial analyses, median (IQR) baseline PHE was
larger in the patients who died within 30 days [23.7 (8.1-58.5) vs. 10.2
(3.8-10.2) mL, p<0.001]. The median baseline CRP was lower in
those who died by 30 days [3.0 (1.8-13.0) mg/L vs. 3.9 (2-10), p=0.02]
while there was no difference in median baseline EED [0.4cm
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FIGURE 2
Course of CRP and EED against time from ICH onset. CRP, C-reactive protein; EED, Edema extension distance; and ICH, Intracerebral hemorrhage.
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FIGURE 3

Boxplot comparing baseline PHE, EED, and CRP with mortality at 30 days, respectively. CRP, C-reactive protein; EED, Edema extension distance; and
PHE, Perihematomal edema.

(0.2-0.6) vs. 0.4 (0.2-0.5), p=0.78] in patients who died vs. the ones ~ 0.93-1.03, p=0.41), HR 0.97 per 50% increase in PHE (95% CI 0.90-1.05,
who survived (Figure 3). p=0.51). In a sensitivity analysis, this result did not change when log-PHE
Neither baseline log-CRP nor baseline log-PHE were independently ~ volume was substituted by EED (keeping the model otherwise
associated with a hazard of 30-day mortality in the multifactorial Cox ~ unchanged): EED was not significantly associated with mortality (HR
regression model (Table 3): HR 0.98 per 50% increase in CRP (95% CI  0.75, 95%CI 0.32-1.73, p=0.50; full model results not shown).
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TABLE 3 Multifactorial Cox regression model assessing the association
between baseline C-reactive protein and baseline absolute edema
volume and 30-day mortality.

HR  95%Cl  p-value

logPHE volume 0.94 0.78-1.13 0.511
logCRP 0.95 0.83-1.08 0.411
Age 1.03 1.01-1.04 <0.001
logICH volume 2.24 1.75-2.87 <0.001
IVH 1.64 1.16-2.30 0.005
Location

Lobar ref

Deep 1.97 1.37-2.83 <0.001

Brainstem 13.21 5.90-29.59 <0.001

Cerebellum 1.38 0.67-2.87 0.384
Statin use 1.26 0.87-1.82 0.227
GCS arrival, per point 0.85 0.81-0.88 <0.001
Baseline glucose, per 1.02 0.99-1.06 0.257
what unit
Baseline systolic BP, per 1.00 1.00-1.01 0.115
mmHg (suggest
changing to 10 mmHg)
Cohort

Helsinki ref. -

CROMIS 0.21 0.10-0.42 <0.001

Melbourne 0.96 0.52-1.87 0.965

Salford 1.54 0.96-2.48 0.074

BP, Blood pressure; CRP, C-reactive protein; GCS, Glasgow Coma Score; ICH, Intracerebral
hemorrhage; IVH, Intraventricular hemorrhage; log, logarithm; and PHE, Perihematomal
edema.

4 Discussion

In our large, multicenter ICH cohort we did not find an
independent association between baseline CRP and baseline edema
(measured by EED). Baseline edema (measured by PHE volume) in
turn was not associated with 30-day mortality. None of the sensitivity
analyses showed a significant association either.

Elevated CRP is commonly observed after ICH with median
baseline CRP levels on admission of between 7 and 18 mg/L (10-12,
27, 28). Our median CRP was lower, at 2.5mg/L. This could be due
to earlier admission (shorter ictus to presentation time) and therefore
earlier testing. It could as well be due to smaller ICH volumes
although some studies have also reported smaller median ICH
volumes compared to our cohort (22, 29-32). Natural history data of
CRP kinetics beyond the first 24 h after ICH is limited. A previous
group examined CRP kinetics in a cohort of 223 ICH patients and
noted a median baseline CRP of 7.9 mg/L at a median of 93 min from
ictus, which increased to 46 and 88.3 mg/L at 24 and 72 h, respectively
(11), with an initial growth trajectory similar to that expected for
PHE (5). In our cohort, higher baseline CRP was significantly
associated with higher baseline EED in the unifactorial analysis but
only showed a trend when adjusting for confounders (p <0.001 and
p=0.055, respectively). The reduction in the association may
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be partly accounted for CRP and EED being independently associated
with ICH volume. EED at later time points is hypothesized to reflect
the intensity of the perihematomal inflammation relatively
independently from the effect of baseline hematoma (25). CRP has
been found in the perihematomal region from human subjects
reflecting a zone of perihematomal inflammation after ICH (11).
Although the inflammatory response to ICH in animal models begins
within hours of onset, it increases in intensity over the next 48-72h
(33). Our study was restricted to patients within 24h of symptom
onset, thus considerably earlier than the maximal intensity of the
inflammatory response. CRP takes up to 6 h to rise significantly after
an acute stimulus (34), so measures within a few hours of symptom
onset are likely to be more reflective of premorbid background
inflammation than of the acute ICH. In our study, median time from
onset to CRP measurement was 179 min (85-616 min), thus most
measurements were earlier than any ICH-related rise would
be expected to occur. The fact that we did not find a significant
association most likely is due to the early measurement of CRP in the
included cohort.

Higher baseline PHE volume was not independently associated
with hazard of mortality within 30 days of ICH event. Absolute PHE
volume and growth between 1 and 7 days after ICH ictus have been
reported by various groups to be an independent poor prognostic
marker after ICH (6, 7, 35-38). Recent studies using EED as an edema
metric also demonstrated increasing edema growth at 72h to be an
independent and poor prognostic marker in ICH (5, 26).

We found no independent association between baseline CRP and
survival. Several previous studies have investigated the significance of
CRP and ICH outcome at different timepoints, with varied findings.
In a study of 223 ICH patients admitted within 24 h of onset with daily
CRP measurements over the first 72 h, the association between CRP
at each time point, 30-day mortality and Glasgow Outcome Score was
analyzed (11). In keeping with our findings, CRP on admission
[median time from symptom onset to CRP 92 min (48-275 min)] was
not associated with outcome. In their study, higher CRP at 24, 48, and
72h was independently associated with a higher hazard of mortality
and poor functional outcome. In a cohort of 961 ICH patients, higher
CRP within 24h of admission was found to be associated with
unfavorable 3-month outcome (Glasgow Outcome Score 1-4) after
adjusting for confounders (12). However, the exact timing of CRP
measurements in relation to onset is not reported. These samples may
thus be further from onset and thus less reflective of true baseline
CRP. On the other hand, CRP measurement in our cohort could have
been at a too early time point to catch the full extent of inflammation
as we restricted it to patients within 24 h of symptom onset and the
peak of intensity is reached after 48-72h (33).

There are several limitations to this study. Firstly, our results
focused on CRP and edema formation at baseline (<24 h) after ICH,
so we do not have data on the evolution of CRP concentrations and
edema beyond the first 24h. Additionally, the exact timing of
measurement of CRP was unknown in around a quarter of our study
population. Although likelihood for relevant changes over the first few
hours is low, evaluation in a further study with exact timing of blood
values is needed to confirm this. Besides this, development over time
beyond 24 h will also need to be evaluated prospectively in a systematic
way with clear time-points of blood values taken as the effect is likely
to be larger and show at a later time point. Secondly, although CRP is
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a sensitive and robust biomarker for systemic inflammation (18),
we do not have complete data on CRP nor any data for other markers
of systemic inflammatory response such as body temperature and
peripheral leukocyte count. This again would be the scope of a
prospective study with prespecified laboratory value collection and
prespecified time-points. Also, there was a significant amount of
missing data in several of the necessary variables including CRP
(1,335) leading to the final inclusion of only 1,034 of the total 3,412
patients (30.3%), which probably limits the generalizability of this
study. Thirdly, EED is a relatively new PHE metric increasingly being
examined in PHE studies (5, 26, 39) after ICH and is a preferred
edema metric to examine the perihematomal inflammatory response
compared to absolute edema volume (25). The rationale behind this
is that EED extends a consistent mean linear distance irrespective of
ICH volume. Fourth, functional outcome data were not available in
all the included studies on follow-up after ICH. The influence of the
above findings on functional outcome should be the subject of future
studies. Fifth, the included cohorts mostly only have baseline CT scans
available as follow-up CT is not routinely performed in many centers,
especially not following a specific time interval, which is normal for a
standard clinical cohort. This again could be targeted in a future,
prospective study. Lastly, patients recruited to the CROMIS study
needed a consent given by themselves or a relative in order to
be included into the study leading to exclusion of patients who died
early during their hospitalization.

5 Conclusion

The early systemic inflammatory response, as measured by serum
CRP, was not associated with baseline EED in our cohort most likely
due to early measurement after symptom onset. This needs to
be confirmed in independent, large prospective ICH cohort studies
with predetermined inflammatory marker measurements at varying
pre-specified time points to better understand the association between
systemic inflammation and edema and show an effect if there really is
one. Improving our understanding of the drivers of edema, how these
change over time and the role of systemic inflammation will further
inform future treatment approaches to improve outcomes after ICH.
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