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Chronic subdural hematoma (cSDH) is a common neurosurgical entity that typically affects elderly patients. Studies
have sought to establish the factors associated with an increased risk of cSDH recurrence and/or which can aid in

the prediction of neurological/functional outcomes.

chronic subdural hematoma prognosis recurrence biomarker

| 1. Introduction

Chronic subdural hematoma (cSDH) is a common neurosurgical entity that typically affects elderly patients and is
increasing in incidence. The presenting symptoms of cSDH are variable but commonly include gait disturbances
and mental deterioration as well as limb weakness [Ll. The diagnosis of cSDH is based on imaging indicating the
presence of a hematoma in the subdural space, often in association with a history of mild or moderate head injury,
weeks to months prior to hospitalization 2. Histologically, cSDH is characterized by an external and an internal
membrane, encapsulating the hematoma, both containing fibroblast layers with only the former showing the

persistent presence of immature, leaky vessels that have been postulated to drive hematoma expansion !,

Surgical evacuation remains the standard of care for c¢SDH with immediate results postoperatively 2.
Nevertheless, the postoperative recurrence of cSDH is not uncommon, ranging between 5 and over 30% in
previous studies . cSDH recurrence thus currently represents a significant nosological consideration, the more so
since reoperations increase healthcare-associated costs and are a substantial burden on patient morbidity and
mortality 4 |n this context, previous studies have sought to establish the factors associated with an increased
risk of cSDH recurrence and/or which can aid in the prediction of neurological/functional outcomes. Thus far,
several clinical factors, e.g., increased patient age, radiological characteristics, e.g., bilateral hematoma, and
specific external membrane features, e.g., enhanced presence of angiogenic factors, have been previously
indicated as risk factors for cSDH recurrence RIBI7IEl Additional research has focused on identifying prognostic
molecular or cellular factors within the hematoma fluid and/or peripheral blood of cSDH patients. This class of
potential prognostic biofluid biomarkers includes molecules and/or cellular populations that are implicated in cSDH
pathogenetic and pathophysiological processes such as cerebrospinal fluid leaks, inflammation and fibrinolysis B!
(201 while at present no such biomarker has been validated for clinical use, the overarching goal of this research

field is to provide valuable tools guiding future clinical decision making in cSDH 111,
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| 2. Biomarker Study Characteristics/Designs and Time Trends

Twenty-three studies published between 2003 and 2023 on a total of 3749 patients were identified in the present
discussion. The median postoperative recurrence rate of 17.5% falls well within the range of previous estimates (5
to 30%) [&. The notable limitations of the incorporated studies were their retrospective cohort/single-center designs

(n =11 studies) and/or small cohort sizes (<100 patients, n = 12 studies).

A noteworthy trend is a shift in research focus towards circulating biomarkers on larger patient cohorts during the
last four years (2020-2023: circulation focus in 12 of 13 studies, median patient size: 256 patients) compared with
previous studies (2003—-2018: circulation focus in 3 of 10 studies, median patient size: 63). While hematoma
biomarkers allow for the analysis of local pathophysiological processes &, the distinct advantages of assessing
circulating prognostic biomarkers are the ease of sampling and that they offer the opportunity of tailoring patient
treatment according to risk stratification preoperatively. In this context, current guidelines on cSDH treatment
incorporate adjuvant drug therapies such as cholesterol-lowering statins and anti-inflammatory corticosteroids that
are designed to improve patient neurological function and/or reduce recurrence 2 From an analytical
perspective, the protein analysis of biomarkers with significant findings ranged from single enzyme-linked

immunosorbent 8131124 nephelometric ¥ and electrochemiluminescent 13 assays to multiplex immunoassays 12
[11]126],

| 3. Biomarkers in Recurrence Prediction

Numerous studies on biomarkers associated with inflammatory processes were identified. Enhanced levels of
cytokine biomarkers in hematoma fluid have been highlighted as evidence for a robustly elevated local
inflammatory index, as well as for the involvement of inflammatory processes in recurrence. The replication of
findings was evident for IL-6 I3 with less consistent findings regarding the direction of change (increased or
decreased levels) in recurrent ¢SDH for IL-8 and RANTES OISl The notion of increased local anti-
inflammatory activity (reflected by the levels of a panel of cytokine biomarkers) in association with reduced cSDH

recurrence rates was introduced by the studies of a single group 22181,

More recent studies assessing circulating cellular population ratios as markers of inflammation support the notion
of a systemic inflammatory response in ¢cSDH and its association with recurrence LA[8! Thus, while Guresir et al.
(171 proposed preoperative RPR as a novel independent predictor of cSDH recurrence, De Oliveira et al. 18
highlighted similar value for the postoperative NLR ratio. Of note, evidence for a systemic inflammatory response
triggered by cSDH was previously obtained by studies comparing levels of cell inflammatory markers in patients
and healthy controls [12129],

Aside from the aforementioned cellular biomarkers, circulating eosinophil counts were indicated as independent
predictors of recurrence by two studies, albeit with contradictory findings. Thus, Chen et al. [21l indicated that lower

peripheral eosinophil counts are independently associated with recurrence, while Matsubara et al. 22 reported the
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opposite. The findings of Chen et al. appear consistent with evidence suggesting a protective role of hematoma-

membrane-infiltrating eosinophils against recurrence in a previous histological study 22!,

A substantial body of evidence supports a role for local coagulation and fibrinolysis in cSDH development [241[25]126]
(271281 including evidence for excessive activation of the former during the early stages of development, succeeded
by hyperfibrinolysis 22, In relation to ¢cSDH recurrence, Katano et al. 24 found higher levels of TPA, a major
fibrinolytic mediator, in the hematoma fluid of patients that experienced recurrences, while Wang et al. B9 indicated
lower levels of circulating fibrinogen in their recurrent cases. Circulating FDP (but not D-dimer) levels on patient
admission as an independent predictor for recurrence was indicated by Hori et al. 1. The authors of this study
hypothesized that the systemic elevation of FDP induces a systemic inflammatory response, which in turn
influences expansion of the hematoma and can lead to its recurrence . The potential of coagulation cascade
mediators as peripheral biomarkers in the prediction of cSDH recurrence is further supported by studies reporting
preoperative thrombocytopenia or increased PT as independent risk factors for cSDH recurrence [22182I[33] gnd of

lower circulating factor Xl in recurrent cases 341,

The formation of immature, leaky vessels in the outer membrane of ¢cSDH upon which damaging forces of
inflammation and of abnormal cerebral pulsations are exerted has been postulated as a driving mechanism for
cSDH expansion, as well as a risk factor for its recurrence B33, A study indicating significantly lower postoperative
levels of peripheral EPCs in patients that experienced cSDH recurrences suggested that this decrease may lead to
a reduced capacity for endothelium repair, thus increasing the risk of cSDH recurrence 3. Following a similar
logic, an attenuated protective role on vascular integrity and endothelial function due to decreased peripheral HDL

levels was postulated by a second study indicating lower HDL levels as an independent predictor of recurrence [2€l,

Three additional studies indicated the potential value of peripheral biomarkers as independent predictors of
recurrence. The dehydration status of cSDH patients on admission, estimated using the blood U/Cr ratio, was
reported as an independent predictor of cSDH recurrence by Mainka et al., 2022 7. The authors proposed that
the impact of dehydration is due to a reduction in brain volume and/or instigation of inflammatory processes that
predispose patients to the occurrence/recurrence of cSDH B4, Wang et al. investigated BUN levels in ¢cSDH
patients based on previous findings indicating the prognostic significance of BUN in neurological disorders such as
ischemic stroke 9. Their findings indicated that an elevated postoperative level of BUN is an independent risk
factor for recurrence via mechanisms that remain to be established 9. Blood type A was also highlighted as an
independent risk factor for cSDH recurrence by Hirai et al. [38. Nevertheless, it is worth pointing out that a second
study on another Asian cohort, reporting significantly lower recurrence rates, did not find an association between
ABO types and cSDH recurrence 23l Larger prospective cohort studies that may include additional population

samples are warranted to establish the impact of ABO blood types on cSDH recurrence.

4. Biomarkers in Neurological/lFunctional Outcome
Prognosis
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A smaller number of studies assessed biomarkers in relation to cSDH patient neurological/functional outcome. The
pilot study of Puccio et al. indicated strong correlations between higher hematoma IL-5 levels and more favorable
GOS-E scores 11 nterestingly, higher hematoma IL-5 levels were associated with lower rates of cSDH recurrence
in two other studies included herein (2918 Consistent with the notion of a significant association between a lower
preoperative peripheral inflammatory index and a favorable functional outcome are the findings of Guresir et al. [17],
indicating significantly higher Karnofsky scores 3 months postoperatively in the low compared to the high RPR
patient group. Moreover, Idowu et al. 22 indicated significant associations between a low admission PLR, which
represents another inflammatory marker, and poor outcome at 3 months using the GOS and LABDES. Notably, in
the same study, inflammatory markers, such as c-reactive protein (CRP) and the NLR, did not display associations
with the outcome 32,

Lastly, on the basis of previous evidence for significant associations between admission circulating BNP-1 levels
and functional outcome in neurological disease, including traumatic brain injury and stroke, Chihi et al. 13
investigated circulating peptide levels in cSDH. Their findings indicated that preoperative BNP-1 is an independent

predictor of functional outcome at 5-6 months postoperatively (121,
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