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ABSTRACT: Background: C-reactive protein (CRP) level in blood is a standard marker for systemic inflammation. Inflammation is central in
chronic subdural hematoma (CSDH) pathophysiology, and inflammatory biomarkers may hold clinical potential in assessing the level of
inflammation induced by a CSDH. This study explores the role of CRP in patients with CSDH by (1) measuring systemic and subdural CRP
levels, (2) investigating CRP as a potential predictor for recurrent CSDH and (3) comparing CRP levels between the first and second operations
in patients with CSDH recurrence. Methods: CRP levels were measured both in systemic blood and subdural fluid from adult CSDH patients.
Recurrence rate and mortality within 90 days were recorded. In total, 111 patients were included, of whom 25 were operated on for CSDH
recurrence. Results: Systemic CRP levels (2.54 mg/L (1.40-9.75)) were higher than subdural levels (2.09 mg/L [0.99-5.22]) (p < 0.0001) but
within the clinically defined normal CRP range of < 3 mg/L. Neither systemic nor subdural CRP levels could predict recurrence. Both systemic
and subdural CRP levels in recurrent CSDH patients were higher at the time of the second surgery compared to the first surgery
(Psystemic = 0.004 and Py paurar < 0.0001). Conclusion: This is the first study to establish a correlation between systemic and subdural CRP levels
in CSDH patients. The increased levels of CRP at the time of the second surgery may demonstrate a constantly evolving inflammatory process
toward the development of a recurrence.

RESUME : Taux sous-duraux et sanguins de protéine C réactive dans les cas de récidive d’hématome sous-dural chronique. Contexte: Le
taux de protéine C réactive (PCR) dans le sang est un marqueur normal d’inflammation générale, et 'inflammation joue un role fondamental
dans la physiopathologie de 'hématome sous-dural chronique (HSDC). Il se pourrait donc que des biomarqueurs d’inflammation soient
porteurs d’un potentiel clinique dans I'évaluation du taux d’inflammation provoqué par les HSDC. L’équipe de recherche visait donc a étudier
le r6le de la PCR dans les HSDC en procédant : 1) a des mesures de taux sanguins et sous-duraux de protéine C réactive; 2) a une analyse du
caractére potentiel de la PCR d’étre considérée comme un facteur prévisionnel de récidive 'HSDC; 3) & une comparaison des taux de PCR
relevés a la premiére et 4 la deuxiéme opération chez les patients ayant subi une récidive 'HSDC. Méthode : 11y a eu mesure des taux sanguins
et sous-duraux de PCR chez des adultes souffrant d'un HSDC. Ont aussi été consignés les taux de récidive et la mortalité dans les 90 jours
suivant 'événement. Au total, 111 patients ont été retenus dans I’étude, dont 25 ont été opérés pour une récidive ’HSDC. Résultats : Les taux
sanguins de PCR (2,54 mg/L [1,40 9,75]) étaient plus élevés que les taux sous-duraux (2,09 mg/L [0,99 5,22]) (p < 0,0001), mais ils se situaient
dans la plage de valeurs jugées normales sur le plan clinique, inférieures & 3 mg/L. Ni les taux sanguins ni les taux sous-duraux de PCR n’ont
permis de prévoir les récidives. Par contre, tant les taux sanguins que les taux sous-duraux de PCR étaient plus élevés au moment de la
deuxieme opération quau moment de la premiere (psanguin = 0,004 et Pyous-durar < 0,0001). Conclusion : 1l s’agit la de la premiere étude
permettant d’établir une corrélation entre les taux sanguins et sous-duraux de PCR dans les HSDC. L’augmentation du taux de PCR au
moment de la deuxiéme opération peut étre révélateur d’un processus inflammatoire en constante évolution, qui aboutit a la récidive
d’hématome.
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Highlights

« As systemic and local inflammation are central in CSDH pathophysiology,
CRP may be an important component in the development of CSDH.

« Increased CRP levels at time of second surgery for CSDH may
demonstrate a constantly evolving inflammatory process toward the
development of recurrence.

« CRP levels cannot predict CSDH recurrence rates.

Background

Local inflammation plays an important role in the pathophysi-
ology of chronic subdural hematoma (CSDH), as seen by the
elevated levels of local inflammatory biomarkers.! Biomarkers
have previously shown clinical potential as predictors for
hematoma recurrence and potential targets for anti-inflammatory
treatment.>> However, relying on experimental biomarkers as
predictors for recurrence® is clinically less feasible than using
routine markers such as C-reactive protein (CRP).

CRP is an important part of the innate immune system and acts
as an acute-phase reactant produced in response to systemic or
local inflammation, infection or tissue damage.® CRP is mainly
expressed and produced by hepatocytes as a native pentameric
CRP (nCRP) that can also dissociate into a monomeric form
(mCRP) and has a normal plasma level below 0.3 mg/dL.° Both
CRP conformations play an important role in systemic inflam-
mation, with nCRP as an important activator of the complement
system.!® mCRP is intrinsically expressed in brain microvessels,
astrocytes and neurons, as well as demonstrating angiogenic
properties.' 12

CSDH has a recurrence rate of 10%-30%, and research
suggests that an ongoing inflammatory process nourishes the
hematoma, potentially leading to recurrence."”'*!* CRP levels are
increased by inflammatory cytokines, particularly interleukin
(IL)-6."5 Especially IL-6 has been linked to the pathophysiology of
hematoma enlargement in CSDH, and the local level of IL-6 is
increased in the hematoma fluid from patients with recurrent
CSDH.”!'®17 The role of CRP in CSDH remains poorly under-
stood but seems to be connected to the inflammatory and
angiogenetic probabilities of CSDH (18-22). Therefore, CRP
may have a role in the development of both primary and
recurrent CSDH.

We aimed to explore the role of CRP in patients with CSDH by
(1) comparing the systemic and subdural levels of CRP, (2)
investigating if CRP can be used as a prognostic predictor for
recurrence and death and (3) investigating CRP in the
pathophysiology of recurrent CSDH by comparing CRP levels
between the first and second operations in patients with
recurrent CSDH.

Methods
Study cohort

Adult patients (18 years or older) diagnosed with CSDH by CT
orMRI were randomly included in the period between January
2020 and September 2021. Patients with head trauma up to 14 days
before surgery were excluded to avoid patients with acute subdural
hematomas. Also, patients with previous intracranial surgical
treatments were excluded. The following patient variables were
registered at the time of admission: sex, age, history of head
trauma, use of blood thinning medications, preoperative symp-
toms and preoperative comorbidity according to the Charlson

The Canadian Journal of Neurological Sciences

comorbidity index.?* The radiological variables included midline
shift, hematoma volume calculated by the XYZ/2-method,**
localization and radiological subtype.?® To investigate if systemic
infection affected CRP levels between patients with and without
recurrent CSDH, treatment with non-prophylactic antibiotics in
the period from the operation to two days postoperative was
registered.

Bilateral hematomas were treated as two separate cases, as
bilateral hematomas do not necessarily have the same radiological
or molecular composition. At 90 days follow-up, recurrent CSDH
and death were recorded. The definition of a recurrent CSDH was
surgical evacuation of a previously treated same-sided CSDH.

Sample collection

Hematoma fluid samples were obtained through burr hole or
craniotomy. To preserve the hematoma membrane and simulta-
neously prevent contamination of the hematoma blood with blood
from surrounding tissue, the dura mater was carefully left
untouched during bone removal. Once the bone had been
removed, the dura mater was opened. Extraction of hematoma
fluid was done with a syringe carrying a blunt needle. The outer
hematoma membrane was carefully penetrated, and 10 mL of the
hematoma fluid was collected. Patients were excluded if damage to
the hematoma membrane caused leakage of subdural fluid prior to
sample collection. Immediately after the fluid collection, the
samples were transferred to silicone vacuum tubes containing a
mix of protamine sulfate and ethylenediaminetetraacetic acid.
Systemic venous blood was collected at the time of the operation.
The hematoma fluid and systemic blood underwent centrifugation
for 10 minutes at 7000 revolutions/minute to isolate the super-
natants, which were then stored at —80°C, while the pellets were
discarded.

Luminex

The concentrations of CRP in both the hematoma fluid and
systemic blood samples were assessed using a Luminex multiplex
antibody-based bead kit (Procartaplex, Thermo Fisher Scientific,
Denmark), following the manufacturer’s guidelines. Samples were
measured and assessed individually (simplex), while standards
were measured in duplicates. Samples were initially diluted 2000-
fold, and samples lying above the measuring range on the standard
curve were further diluted (up to 10,000-fold) for accurate
quantification. The concentrations of CRP were measured in pg/
mL and recalculated to mg/L, for the values to correspond to
clinical CRP values.

Statistics

Data was handled using R version 4.2.1 (R Core Team, Vienna,
Austria). Continuous data was presented using median and
interquartile range (IQR) due to skewness, while categorical
variables were presented using n and percentage. Data was
compared using the Wilcoxon signed-rank test for data from the
same participant and presented using 95% Hodges-Lehmann
confidence intervals (95% HLCI). Due to the severe skewness of the
Luminex data, we also performed the Wilcoxon signed-rank test
using log-transformed data as a sensitivity analysis. The prognostic
ability of CRP was investigated using the area under the receiver
operating characteristics curve (AUROC). The AUROC will be
interpreted as representing “no better than chance” (~0.5), low
accuracy (0.5-0.7), moderate (0.7-0.9) and high accuracy (>0.9).2°
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To account for the censoring for death in the prognostication of
recurrence, we performed a sensitivity analysis excluding dead
participants. This is an exploratory study, and therefore, an alpha
level of 0.05 for all analyses will be interpreted as significant.

Results
Study population

We included 146 hematomas from 111 patients, of whom 25
patients were operated on for recurrent CSDH, and 10 patients
died within 90 days. Of the 25 patients with recurrent CSDH, 24
were male (p < 0.001). Recurrence rates were higher in patients
with bilateral hematomas (p < 0.001), and patient mortality was
higher in patients with a recurrent CSDH (p < 0.001). Full baseline
characteristics are presented in Table 1.

Systemic versus subdural CRP levels

Systemic and subdural CRP levels were 2.54 mg/L (IQR: 1.40-9.75)
and 2.09 mg/L (IQR: 0.99-5.22). The median difference between
systemic and subdural CRP levels was 1.03 (95% HLCI: 0.50-2.57),
which was statistically significant (p < 0.0001). Both the systemic
and subdural CRP levels were within the clinically defined normal
CRP range in adults below 3 mg/L.°

CRP as a prognostic predictor for recurrence

Neither systemic nor subdural CRP levels were good predictors of
outcome (Figure 1). To solely investigate recurrent CSDH as an
outcome, we performed a sensitivity analysis, leaving out mortality.
In this analysis, systemic CRP levels in patients without recurrence
and with recurrence were 2.81 (1.47-12.38) and 1.76 (0.81-2.64),
which predicted recurrence with low accuracy (AUC: 0.66; 95% CI:
0.55-0.76) (Table 2).

CRP levels between the first and second operations in CSDH
recurrence

For patients with recurrent CSDH, systemic and subdural CRP
levels were 1.87 mg/L (IQR: 1.42-2.71) and 1.50 mg/L (IQR: 1.01-
3.70) at the time of the first operation and 5.17 mg/L (IQR: 1.72-
19.79) and 5.37 mg/L (IQR: 1.58-15.38) at the time of the second
operation. Comparing both systemic and subdural CRP levels
between the first and second operations in patients with recurrence
showed significantly higher CRP levels at the time of the second
surgery (Psystemic = 0.004 and poupaurar < 0.0001) (Figure 2). The
presence of preoperative infection did not suggest any correlation
to higher CRP levels (Table 1).

Discussion

In this study, exploring systemic and subdural CRP levels in CSDH
patients, systemic CRP levels were higher compared to the
subdural CRP levels. Systemic CRP levels could predict recurrence
only with low accuracy, albeit the median CRP levels were within
the normal range of CRP. CRP levels were significantly higher both
systemically and in the subdural fluid at the time of the second
operation in patients with recurrent CSDH.

Systemic and subdural CRP in CSDH patients

CRP is mainly synthesized by IL-6-dependent hepatocytes, and
following an inflammatory incident, CRP mediates the down-
stream acute-phase response.8 Due to the inflammatory properties

of CRP, and as inflammation plays a central part in the
pathophysiology of CSDH, it is plausible to suspect an involvement
of CRP in the subdural cavity. Contrary to other CSDH-related
biomarkers, the systemic CRP levels were higher than the subdural
levels."*1727 As CRP is mainly produced in the liver, it is unlikely
that subdural CRP levels should exceed systemic CRP levels, since
it is only sparsely produced by leukocytes and nervous tissue.!"!?
The balance between CRP levels at a pathological site and systemic
CRP levels has to some extent been investigated in other diseases.
In atherosclerotic disease, CRP binds to damaged cell membranes,
contributing to local activation of the complement system.'®?® In
infarcted heart tissue, CRP activates the complement cascades,
causing additional heart damage, being only present in the
infarcted myocardial cells and not the healthy.?’ Also, it has been
shown that CRP is localized in nuclei of synovial cells of patients
with rheumatoid arthritis.*® Nevertheless, others report on CRP
predominantly being localized systemically rather than confined to
a specific site of inflamed tissue.*"** The current understanding of
local, tissue-specific higher levels of CRP, compared to systemic
levels, is uncertain, and our study points toward CRP as mainly
being a systemic biomarker for inflammation driven by CSDH.

CRP is not relevant in predicting CSDH outcome

In the sensitivity analysis, systemic CRP level predicted CSDH
recurrence with only low accuracy . Also, the median CRP level of
both patients with and without recurrent CSDH was within the
normal systemic CRP range below 3 mg/L.> Therefore, systemic
CRP levels for both patients with and without recurrence would
clinically be regarded as normal, resulting in limited clinical value
of CRP as a predictor for recurrent CSDH.

Increasing CRP levels point toward increasing inflammation
during CSDH recurrence

High IL-6 and IL-8 levels in the subdural fluid are correlated with
increased risk of CSDH recurrence.>!® As CRP is linked to IL-6,
this correlates well with the increasing levels of both subdural and
systemic CRP levels in recurrent hematomas found in this study
and provides a plausible pathological explanation. Furthermore,
an increase in the anti-inflammatory IL-1 receptor antagonist has
been demonstrated at the time of the second operation in
recurrent CSDH patients, which has been interpreted as a
regulatory mechanism against an increased inflammatory proc-
esses.? In a recent analysis integrating several relevant biomarkers,
a higher level of anti-inflammatory markers correlated signifi-
cantly with a lower risk of recurrence.” Therefore, the increase in
CRP levels between the first and second operations points toward
an overall progressive inflammatory process toward a recurrence
of a CSDH.

mCRP is expressed in CNS microvessels and by nervous tissue
showing angiogenic properties.'> This resonates with multiple
studies demonstrating a rapid angiogenic process forming fragile
and leaky capillaries within the hematoma membrane, nourishing
the hematoma and resulting in hematoma expansion, and thereby
demonstrates a possible target for future CSDH management, as
both inflammation and angiogenesis are important factors in
CSDH pathology.! Targeting strategies against CRP have been
presented with the possibility of lowering circulating CRP levels
with both medication-associated decreases in CRP levels induced
by statins, bempedoic acids, dipeptidyl peptidase-4 inhibitors and
angiotensin-converting enzyme inhibitors®**** but also targeting
CRP directly, inhibiting the dissociation of anti-inflammatory
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Table 1. Patient demographics and comparison of patients with and without recurrent chronic subdural hematoma within 90 days

Patients without recurrence Patients with recurrence p-value
No. of patients 86 25
Patient demographics
Age, median (IQR) 75.5 (19) 77 (13) 0.57
Male sex, N (%) 54 (63) 24 (37) <0.001%*
Performance status before symptom onset, N (%) 0.32
0 71 (83) 23 (92)
1 6 (7) 0
2 8 (9) 1(4)
3 182 (1) 1 (4)
4 0 0
Preoperative status
Drugs history, N (%)
Anticoagulant treatment 16 (19) 1(4) 0.09
Antithrombotic treatment 20 (23) 10 (40) 0.09
Both antithrombotic and anticoagulant treatment 0 1(4) 0.062
No anticoagulant or antithrombotic 50 (58) 13 (52) 0.58
INR, median (IQR) 1.0 (0.1) 1.1 (0.2) 0.15
Charlson’s comorbidity index, median (IQR) 4.0 (3) 4.0 (2) 0.86
Preoperative symptoms
GCS, median (IQR) 15 (1) 15 (1) 0.43
Headache, N (%) 39 (45) 11 (44) 0.90
Vomiting, N (%) 5 (6) 3 (12) 0.29
Seizures, N (%) 3(3) 1(4) 0.90
Cognitive impairment, N (%) 47 (55) 15 (60) 0.63
Hemiparesis, N (%) 52 (60) 14 (56) 0.68
Aphasia, N (%) 15 (17) 5 (20) 0.77
Perioperative infection, N (%) y 11 (13) 1(4) 0.29
Radiological variables
Hematoma localization, N (%) <0.001*
Right 32 (37) 6 (24)
Left 33 (38) 5 (20)
Bilateral 21 (25) 14 (56)
Hematoma volume, mL, median (IQR)
Unilateral 110.3 (63.3) 103.9 (64.7) 0.75
Bilateral 58.5 (24.2) 62.4 (39.9) 0.19
Midline shift, mm, median (IQR) 7(8) 8 (8) 0.72
Radiological subtype, N (% out of 107/39 hematomas) 0.51
Homogenous 46 (43) 21 (54)
Separated 30 (28) 9 (23)
Membranous 28 (26) 7(18)
Mixed 3(3) 2 (5)
Outcome
Death, N (%) 6 (7) 4 (16) <0.001%*

IQR =interquartile range; INR = international normalized ratio; GCS = Glasgow Coma Scale. *Statistical significant (Cl 95%), y defined as non-prophylactic antibiotic treatment at the time of
surgery or started within two days postoperative.

Downloaded from https://www.cambridge.org/core. IP address: 13.201.136.108, on 23 Aug 2025 at 08:09:04, subject to the Cambridge Core terms of use, available at https://www.cambridge.org/core/terms.
https://doi.org/10.1017/cjn.2025.53


https://doi.org/10.1017/cjn.2025.53
https://www.cambridge.org/core
https://www.cambridge.org/core/terms

Le Journal Canadien des Sciences Neurologiques 5

Systemic Haematoma
[ ]
L ]
100.00 4
[ ]
10.00
i
& 1001
0.10
0.01 1
[ ] [} LJ

® Norecurrence @ Recurrence

Figure 1. Box plot presenting the systemic (left figure) and subdural (right figure) C-reactive protein (CRP) levels of patients with (green) and without (purple) recurrent chronic
subdural hematoma. Both systemic and subdural CRP levels were significantly different (p < 0.0001).

Table 2. This table presents CRP as a prognostic predictor for recurrent CSDH at the time of the primary CSDH evacuation

Recurrence
Type No recurrence (n) CRP - median (IQR) (n) CRP - median (IQR) AUC (95% Cl)
Systemic 110 2.81 (1.47-12.38) 36 1.87 (0.93-5.39) 0.59 (0.48-0.70)
Hematoma fluid 110 2.28 (0.98-5.66) 36 1.54 (1.03-3.95) 0.54 (0.44-0.65)
Systemic (fatalities excluded) 110 2.81 (1.47-12.38) 31 1.76 (0.81-2.64) 0.66 (0.55-0.76)
Hematoma fluid (fatalities excluded) 110 2.28 (0.98-5.66) 31 1.48 (1.01-3.70) 0.56 (0.46-0.67)

CRP as a predictor is investigated in both systemic circulation and hematoma fluid and in a sensitivity analysis from which fatalities are excluded. CRP = C-reactive protein; CSDH = chronic

subdural hematoma; AUC = area under the curve.
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Figure 2. Box plot presenting the systemic (left figure) and subdural (right figure) C-reactive protein (CRP) levels between the first (blue) and second (purple) operations in
patients with recurrent chronic subdural hematoma. CRP levels were significantly different between the first and second operations (psystemic = 0.004 and psypgurar < 0.0001).

nCRP to the proinflammatory mCRP form.** Knowledge of local
and systemic CRP levels in CSDH patients may therefore assist in
an anti-inflammatory, nonsurgical treatment method, the clinical
value of which is still uncertain.’’~*’

Limitations

While most baseline characteristics were similar between patients
with and without recurrent CSDH, a few differed. Patients with
recurrent CSDH were almost entirely male. To the best of our
knowledge, even though no studies demonstrate that male gender
is a risk factor for recurrent CSDH, this may be likely, as male
gender is known to be a risk factor for developing primary
CSDH.*%4! Also, significantly more patients with recurrent CSDH
had bilateral hematomas, which may be expected as patients with
bilateral CSDH have a higher recurrence rate compared to patients

with unilateral CSDH.*! A final limitation is the comparison
between systemic versus subdural CRP levels in the first and
second operations. As CRP is diffusible over the blood-brain
barrier, increased subdural CRP levels at the time of the second
operation could well be caused by increased systemic levels, as
opposed to being expressed locally.

Conclusion

This study has for the first time correlated CRP levels in systemic
blood and in the subdural fluid of patients with both primary and
recurrent CSDH. CRP is present in both the subdural fluid and
systemic blood and at significantly higher levels in systemic blood;
however, both are within the normal range. Clinically, CRP is not
suitable for the prediction of CSDH recurrence. However, CRP
levels are significantly higher in both systemic blood and subdural
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fluid at the time of the second surgery in patients with recurrent
CSDH, suggesting an evolving inflammatory process toward the
development of a recurrent hematoma.
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