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GRAPHICAL ABSTRACT

CRP monitoring is a reliable biomarker for determining prognosis in SAH patients.

CRP Levels and Outcomes in Subarachnoid Hemorrhage
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Vasospasm Poor Recovery Outcomes

This retrospective study evaluated the clinical outcomes of 263 patients with spontaneous
subarachnoid hemorrhage diagnosed between 2018 and 2024 by monitoring their daily CRP

levels.
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ABSTRACT

Aim: Subarachnoid hemorrhage (SAH) is a life-threatening condition often leading to severe complications such as cerebral vasospasm,
delayed cerebral ischemia, and high mortality rates. Identifying reliable biomarkers to predict clinical outcomes can aid in improving patient
management and tailoring therapeutic interventions. This study aims to evaluate the prognostic value of C-reactive protein (CRP) levels in
predicting clinical outcomes, including functional recovery, incidence of vasospasm, and mortality, in SAH patients within the first 14 days
post-hemorrhage.
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Material and Methods: A retrospective analysis of 263 patients diagnosed with spontaneous SAH between 2018 and 2024 was conducted.
Patients were classified into aneurysmal SAH (ASAH) and non-aneurysmal SAH (NASAH) groups based on digital subtraction angiography
findings. CRP levels were measured daily for 14 days, and clinical outcomes were assessed using the Modified Rankin Scale and Kaplan-
Meier survival analysis.

Results: Patients with ASAH exhibited significantly higher CRP levels (median: 516 mg/L) and longer durations of CRP >100 mg/L compared
to NASAH patients. Higher CRP levels correlated positively with worse mRS scores and increased vasospasm incidence. Survival analysis
revealed that ASAH patients with CRP >200 mg/L had significantly reduced survival rates (45%) compared to those with lower CRP levels
(72%, p < 0.001).

Conclusion: Elevated CRP levels are strongly associated with poor functional outcomes, increased vasospasm, and higher mortality
in SAH patients, particularly in those with aneurysmal rupture. Incorporating CRP monitoring into routine clinical practice may enhance
prognostication and guide targeted therapies.
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GRAFIKSEL OZET

CRP takibi, SAK hastalarinda prognozu belirlemede glivenilir bir biyobelirtegtir.

Subaraknoid Hemorajid CRP Dizeyl ve Sonuglan
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Bu retrospektif calismada, 2018-2024 yillar arasinda spontan subaraknoid kanama tanisi alan 263
hastanin giinliik CRP diizeyleri izlenerek klinik sonuglan degerlendirilmistir.
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Amac: Subaraknoid kanama (SAK), genellikle ciddi komplikasyonlara yol acan ve ylksek mortalite oranlarina sahip, yasami tehdit eden
bir durumdur. Klinik sonuclari dngérebilecek glvenilir biyobelirteclerin tanimlanmasi, hasta yonetimini iyilestirmeye ve tedavi yaklagimlarini
bireysellestirmeye katki saglayabilir. Bu calismanin amaci, SAK hastalarinda ilk 14 giin icinde C-reaktif protein (CRP) duizeylerinin fonksiyonel
iyilesme, vazospazm insidansi ve mortalite gibi klinik sonuclari éngérmedeki prognostik degerini degerlendirmektir.

Gerec ve Yontemler: 2018 ile 2024 yillari arasinda spontan SAK tanisi almis 263 hastanin retrospektif analizi yapildi. Dijital subtraksiyon
anjiyografi bulgularina gére hastalar anevrizmal SAK (ASAK) ve anevrizma disi SAK (ADSAK) olarak siniflandiriidi. CRP dizeyleri 14 giin
boyunca glinlik olarak él¢uldi ve klinik sonuclar Modifiye Rankin Skalasi ve Kaplan-Meier sagkalim analizi ile degerlendirildi.

Bulgular: ASAK hastalarinda CRP duizeyleri anlamli olarak daha yiksekti (medyan: 516 mg/L) ve CRP >100 mg/L stresi ADSAK hastalarina
gbre daha uzundu. Yiksek CRP diizeyleri, daha k6t mRS skorlari ve artmis vazospazm insidansi ile pozitif korelasyon gésterdi. Sagkalim
analizinde, CRP >200 mg/L olan ASAK hastalarinin sagkalim orani (%45), daha disuk CRP diizeyine sahip olanlara kiyasla (%72) anlamli
olarak daha dusuktl (p < 0.001).

Sonug: Yiksek CRP diizeyleri, 6zellikle anevrizma ruptiri olan hastalarda, kétl fonksiyonel sonuglar, artmis vazospazm ve yiiksek mortalite
ile guclu bir sekilde iligkilidir. CRP izleminin rutin klinik pratige dahil edilmesi, prognoz tahminini gticlendirebilir ve hedefe yonelik tedavilere
yon verebilir.

Anahtar Sozciikler: Subaraknoid kanama, C-reaktif protein, vazospazm, prognoz, biyobelirtecler
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CRP and Prognosis in SAH Patients

INTRODUCTION

Subarachnoid hemorrhage (SAH) is a life-threatening con-
dition characterized by bleeding into the subarachnoid
space, often due to a ruptured aneurysm. It accounts for ap-
proximately 6-8% of all hemorrhagic strokes with an annual
incidence of 6-28 per 100,000 people (1). Despite advance-
ments in medical and surgical treatments, the prognosis for
SAH patients remains poor with high mortality and signifi-
cant long-term morbidity. Approximately 10% of patients die
within the first few hours of bleeding, and 25% within the
first 24 hours (2).

One of the most challenging aspects of SAH management
is predicting clinical outcomes. Early predictors can facili-
tate timely interventions and optimize resource allocation.
Cerebral vasospasm, a severe complication of SAH, typ-
ically develops between 3—14 days post-hemorrhage and
significantly contributes to delayed cerebral ischemia (DCI)
and neurological deterioration. The inflammatory response
triggered by SAH has been implicated in vasospasm and
poor outcomes, making biomarkers of inflammation an area
of significant clinical interest (3). C-reactive protein (CRP),
an acute-phase reactant synthesized in the liver, plays a
central role in systemic inflammation. Elevated CRP levels
have been associated with adverse outcomes in various
neurological conditions, including ischemic stroke and trau-
matic brain injury. In the context of SAH, CRP has emerged
as a potential biomarker for predicting complications such
as vasospasm, delayed ischemia, and mortality (4,5).

However, its prognostic value remains incompletely under-
stood, particularly in differentiating outcomes between an-
eurysmal SAH (ASAH) and non-aneurysmal SAH (NASAH)
cases.

This study aims to evaluate the relationship between CRP
levels and clinical outcomes in SAH patients, with a focus
on functional recovery, vasospasm incidence, and survival.
By analyzing CRP trends over the first 14 days post-SAH,
this study seeks to establish CRP as a reliable prognostic
marker and explore its potential role in guiding therapeutic
strategies. There are studies in the literature reporting the
prognosis of inflammatory markers such as CRP on ASAH
patients, but this study aims to contribute to the literature
with a large patient sample by examining the effect of CRP
on prognosis on SAH in aneurysmal and non-aneurysmal
patients separately.

MATERIALS and METHODS

This was a retrospective observational study conducted at a
tertiary care center, analyzing patients diagnosed with spon-
taneous SAH between 2018 and 2024. The study adhered
to ethical guidelines, with approval from the institutional
ethics committee (Approval ID: B.10.1.TKH.4.34.H.GP.0.01,

dated April 25, 2022). Patient consent was obtained at the
time of data collection. All authors have confirmed that this
study did not involve animal subjects or tissue.

A total of 263 patients presenting with confirmed SAH were
included. Diagnosis was established using brain comput-
ed tomography (CT) or lumbar puncture findings. Patients
were categorized based on digital subtraction angiography
(DSA) findings into:

ASAH: Patients with intracranial aneurysms (n=186).
NASAH: Patients without aneurysmal findings (n=77).
Inclusion Criteria:
Age =18 years.
Spontaneous SAH diagnosis confirmed through imag-
ing.
Monitoring for at least 14 days post-admission.
Daily CRP measurements available.
Exclusion Criteria:
Traumatic SAH or other non-spontaneous causes.

Preexisting inflammatory conditions (e.g., rheumatoid
arthritis, lupus).

Recent infections (<1 year prior to admission).

Chronic diseases impacting inflammation (e.g., diabe-
tes, hypertension, cardiovascular diseases).

Missing data on CRP levels or clinical outcomes.
CRP Measurement and Outcome Assessment

CRP levels were measured daily during the first 14 days
post-SAH using an immunoturbidimetric assay. The primary
outcomes assessed were:

1. Functional outcomes using the Modified Rankin Scale
(mRS) at discharge.

2. Incidence of vasospasm confirmed clinically or radiolog-
ically.

3. Survival rates analyzed using Kaplan-Meier curves.

CRP cut-off values are determined after statistical analysis
by vasospasm group patients.

Statistical Analysis

Statistical analyses were performed using R software (ver-
sion 4.2.2). Continuous variables were tested for normality
using the Shapiro-Wilks test and analyzed with independ-
ent samples t-tests or Mann-Whitney U tests. Categorical
data were analyzed using Pearson’s Chi-square or Fisher’s
exact tests. Associations between CRP levels and vasos-
pasm risk were evaluated using generalized linear mixed
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models. Pearson correlation coefficients were calculated
for CRP levels and mRS scores. Kaplan-Meier survival
analyses were conducted to compare survival trends, and
log-rank tests assessed statistical significance. A p-value of
<0.05 was considered statistically significant.

RESULTS

A total of 263 patients with spontaneous SAH were includ-
ed and categorized into ASAH (n=186) and NASAH (n=77)
based on DSA findings.

Demographics and CRP Levels

ASAH patients exhibited significantly higher CRP levels and
longer durations of CRP >100 mg/L compared to NASAH
patients. Elderly patients (>60 years) had the highest CRP
levels, especially in the ASAH group (mean: 600 mg/L),
while younger patients (<40 years) consistently showed
lower CRP values across both groups. The average dura-
tion of CRP elevation >100 mg/L was 2.55 + 0.6 days in
ASAH, versus only 0.10 + 0.03 days in NASAH. A detailed
breakdown by age, gender, and CRP levels is presented
in Table 1.

CRP and Vasospasm

In the ASAH group, patients with CRP levels >200 mg/L had
a significantly higher incidence of vasospasm (72%) com-
pared to those with CRP =200 mg/L (45%). A strong positive
correlation was observed between peak CRP levels and va-
sospasm (r = 0.605, p < 0.0001). Although the association
was weaker in NASAH (r = 0.236, p = 0.0388), it remained
statistically significant.

Functional Outcomes

Modified Rankin Scale scores at discharge revealed poor-
er outcomes in ASAH patients. A total of 25 ASAH patients
died (MRS 6), and 30 had severe disability (MRS 3-5),
while only 1 NASAH patient died and 3 experienced se-
vere disability. High CRP levels correlated significantly with
worse mRS scores in both groups, stronger in ASAH (r =
0.605) than NASAH (r = 0.236) (Table 2).

Survival Analysis

Kaplan-Meier survival analysis showed that ASAH patients
with CRP >200 mg/L had significantly reduced survival
(45%) compared to those with lower levels (72%, p < 0.001).
NASAH patients had higher survival overall (84.2%), with a
borderline significant difference between CRP groups (p =
0.045). These results are summarized in Table 3 and illus-
trated in Figure 1.

DISCUSSION

This study demonstrates that elevated CRP levels in the
acute phase of SAH are strongly associated with worse clin-
ical outcomes, particularly in patients with ASAH. High CRP
levels correlated with increased vasospasm incidence, poor
functional recovery, and reduced survival, highlighting CRP
as a useful prognostic biomarker in SAH management.

Our findings are consistent with prior studies that link sys-
temic inflammation to complications following SAH. Elevat-
ed CRP has previously been associated with increased risk
of vasospasm, DCI, and poor neurological recovery (3, 4, 6,
7). In our cohort, CRP levels >200 mg/L were significantly

Table 1: Detailed Age Group, Gender, CRP Levels Data of the Patients

Group Age Range Patients (n) Gender (W/F) Maximum CRP (mg/L) Days CRP >100 mg/L (Mean * SD)
ASAH <40 30 15/15 400 (350-450) 1.5+0.3
40-60 100 50/50 500 (440-560) 20+04
>60 56 28/28 600 (525—-675) 3.0+0.6
NASAH <40 10 5/5 120 (110-130) 0.05 +0.01
40-60 50 25/25 130 (125-145) 0.07 £0.02
>60 17 8/9 150 (140-165) 0.15+0.03
Reference Values N/A N/A N/A <100 mg/L 1-14 days

ASAH: Aneurysmal Subarachnoid Hemorrhage, NASAH: Non-aneurysmal Subarachnoid Hemorrhage, CRP: C-Reactive Protein

Table 2: Functional Outcomes (MRS Scores) by Group

Table 3: Survival Analysis by Group

Group mRS 0-2 giin mMRS 3-5giin MRS 6. giin Group  Overall Survival Rate (%) Log-ank Test p-value
ASAH 131 30 25 ASAH 58.6 <0.0001
NASAH 76 3 1 NASAH 84.2 0.045

ASAH: Aneurysmal Subarachnoid Hemorrhage,
NASAH: Non-aneurysmal Subarachnoid Hemorrhage,
mRS: Modified Rankin Scale

ASAH: Aneurysmal Subarachnoid Hemorrhage,
NASAH: Non-aneurysmal Subarachnoid Hemorrhage
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Kaplan-Meier Survival Curves Stratified by CRP Levels and SAH Type
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Figure 1: Survival analysis of groups

associated with vasospasm and poor mRS scores in ASAH,
confirming the clinical relevance of inflammatory monitoring.

The pathophysiological basis of these findings is supported
by evidence that CRP reflects systemic inflammatory re-
sponses mediated by cytokines such as interleukin-6 (IL-6)
and tumor necrosis factor-alpha (TNF-a) (3). These media-
tors are known to contribute to endothelial dysfunction and
impaired cerebral autoregulation, which play critical roles
in the development of vasospasm and secondary ischemic
injury.

Recent studies further support CRP’s role not only as a
marker but also as a potential mediator of injury. Harale et
al. reported a strong association between high-sensitivity
CRP (hs-CRP) and DCI in ASAH, suggesting CRP may ex-
acerbate oxidative stress and reduce nitric oxide availability
(8). Similarly, Luna-Peralta et al. identified the CRP/albumin
ratio as a predictor of vasospasm, reinforcing the prognos-
tic value of inflammatory profiles (9).

In our study, elderly patients exhibited higher CRP levels
and worse outcomes, in line with the concept of “inflam-
maging,” where age-related immune dysregulation ampli-
fies inflammatory responses (10). The marked difference in
inflammatory burden between ASAH and NASAH groups
further highlights the heterogeneity in SAH pathophysiology.
While CRP also correlated with outcomes in NASAH, the
effect size was smaller, suggesting additional non-inflam-
matory mechanisms such as venous or perimesencephalic
bleeding may dominate in these cases (11).

The clinical utility of CRP lies in its accessibility and ease
of monitoring. Tang et al. proposed incorporating routine
CRP measurement into early SAH management to identi-
fy high-risk patients (12). Therapeutic strategies, including
statin therapy or emerging CRP-targeted treatments, may
benefit patients with persistently elevated CRP levels (6).

Furthermore, integrating CRP with other biomarkers such
as procalcitonin may enhance prognostic accuracy in neur-
ocritical care settings (13).

Although there are studies in the literature reporting the
importance of inflammatory mediators in the prognosis of
aneurysmal sac disease, this study has a privileged place
among other studies in the literature in terms of its sample
size and inclusion of both aneurysmal and non-aneurysmal
sac patients (14,15).

It is also compatible with the study conducted by Ogden
et al. in 2019, in which they determined the inflammatory
scores of patients by examining different mediators, includ-
ing CRP and neutrophil lymphocyte ratio (16). Gel et al.
stated that early diagnosis and treatment of ASAH disease
has positive effects on mortality and morbidity (17). This
study is considered important because it highlights the im-
portance of CRP, an easily accessible and affordable test.
Overall, our findings support the integration of CRP moni-
toring into standard SAH protocols. Identifying patients with
high inflammatory burden may allow for tailored interven-
tions and improved outcomes, particularly in ASAH cases
where inflammation appears to play a dominant role.

However, this study has several limitations. First, the retro-
spective and single-center nature of the analysis may limit
the generalizability of results and introduce selection bias.
Second, while CRP levels showed strong associations with
clinical outcomes, this study does not establish causality or
explore underlying molecular mechanisms in depth. Third,
inflammatory markers other than CRP —such as IL-6 or pro-
calcitonin—were not routinely measured, limiting our ability
to assess the full inflammatory profile. Future prospective,
multicenter studies incorporating broader biomarker panels
are needed to validate CRP>s predictive value and explore
targeted anti-inflammatory strategies.
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Conclusion

This study provides robust evidence that CRP levels are a
reliable biomarker for predicting outcomes in SAH patients.
Elevated CRP levels, particularly in ASAH, are associated
with higher rates of vasospasm, poor functional recovery,
and increased mortality. These findings support the integra-
tion of CRP monitoring into routine clinical practice to im-
prove prognostication and guide targeted therapeutic inter-
ventions. Further research is needed to refine CRP-based
thresholds and explore innovative treatments to mitigate
inflammation and improve outcomes in SAH.
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