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Cerebral vasospasm (CVS) and delayed cerebral ischemia (DCI) are critical complications following 
aneurysmal subarachnoid hemorrhage (aSAH), contributing to substantial morbidity and mortality. 
This retrospective cohort study investigated thrombocyte count (TC) dynamics as a potential marker 
for predicting CVS and DCI in 233 adult patients with aSAH. Parameters including TC, C-reactive 
protein, hematocrit, CVS, and DCI were analyzed using logistic regression, Spearman correlation, and 
time-to-event analysis. CVS and DCI occurred in 71.1% and 41.2% of patients, respectively. A relative 
thrombocyte count decrease greater than 12.6% within the early post-aSAH period was significantly 
associated with increased risks of CVS (p < 0.001; 95% CI 4.74–25.3) and DCI (p = 0.003; 95% CI 
1.39–5.43). Temporal analysis revealed that greater TC decrease correlated with earlier CVS onset 
(p = 0.00016; R=-0.28), with a median of three days from the minimum TC to CVS onset. This association 
suggests a potential diagnostic window for early detection and intervention if validated in prospective 
studies.
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CVS and DCI remain the leading causes of morbidity and mortality aSAH1. The current literature reports 
incidences of CVS and DCI as high as 70% and 30%, respectively2,3. DCI is linked with poor functional and 
cognitive outcomes, severe disability, and a higher mortality rate4. The accurate prediction of CVS and/or DCI 
remains a significant challenge in clinical practice. Transcranial Doppler sonography (TCD), a widely used 
noninvasive screening method for CVS, is not directly applicable to the screening of DCI and is associated with 
high interobserver variability5,6. The reliability of partial tissue oxygen pressure (ptO2) measurements is highly 
dependent on the region of implantation7,8, and microdialysis largely remains an experimental method9. This 
underscores the necessity for more dependable predictors that can anticipate the onset of CVS/DCI at its earliest 
stages, thereby enabling prompt therapeutic intervention.

The precise pathophysiology of CVS and DCI has been a subject of both basic and clinical research for 
decades. The processes leading to the development of CVS appear to be an interplay of mechanisms, including 
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endothelial damage10–12, the release of vasoconstrictive agents and lack of vasodilatory agents10,12–15, the 
disruption of microcirculation16,17, and spreading depolarizations18. Some of these mechanisms can be directly 
or indirectly regulated, or even dysregulated, by thrombocytes, which are the main mediators of primary 
hemostasis. The upregulation, downregulation, and release of vasoactive agents by thrombocytes have been the 
subject of several studies on the development of CVS and DCI19,20. Additionally, rapid thrombocyte aggregation 
leading to thrombocyte depletion hours after aSAH has been demonstrated in several animal models21,22.

The objective of this study was to investigate the association between a relative decrease in plasma thrombocyte 
count (TC) shortly after aSAH and the development of CVS and DCI.

Methods
Study design and data collection
This study was conducted as a retrospective cohort study. All patients with aSAH admitted to our Center for 
Neurology and Neurosurgery (Goethe University Frankfurt, University Hospital, Frankfurt am Main, Germany) 
between January 2015 and May 2023 were screened for eligibility. This study was approved by the Goethe 
University Hospital Ethics Committee (approval no. 2023 − 1408). Data were retrieved from a mandatory 
aSAH inpatient quality assurance registry. Our study was designed in accordance with relevant guidelines and 
regulations and followed the principles of the Declaration of Helsinki. The following parameters were assessed: 
age, sex, date of admission, date of discharge, time of approximate symptom onset, type of therapy, and the 
presence of CVS. CVS was defined as radiographically diagnosed CVS via computer tomographic angiography 
(CTA), magnetic resonance angiography (MRA), or digital subtraction angiography (DSA) that prompted the 
induced hypertonic therapy, the presence of DCI, defined as radiographically proven hemodynamic infarctions 
as judged by a board-certified neuroradiologist; was also considered. To classify the severity of aSAH according 
to the modified Fisher scale (mFS)23, archived cranial CT scans (cCT) from the day of admission were reviewed. 
The approximate time point of symptom onset was marked as day 0. Setting this timepoint as the baseline, 
laboratory results of thrombocyte count (TC), C-reactive protein (CRP), and hematocrit (Hct) between day 1 
and day 7 were analyzed. The lowest recorded TC between day 1 and day 7 was noted, along with the day on 
which it occurred (hereafter referred to as “day TCmin”). To identify the relative TC difference, the TC value 
on day 1 was subtracted from the lowest TC value recorded. All included patients were screened for intake of 
antiplatelet medication and anticoagulation. The intra-interventional administration of these agents was also 
noted. Patients’ medical histories were reviewed for hereditary platelet conditions as well as autoimmune and 
atopic diseases.

All recorded data were collected in accordance with the General Data Protection Regulation. Based on § 27 
BDSG (Art. 9 GDPR, § 2 (j) https://gdpr-info.eu/art-9-gdpr/) considering the exceptions to GDPR regulations 
for scientific purposes, the obtainment of the informed consent was waived by the Goethe University Hospital 
Ethics Committee.

All patients received a standardized intensive care bundle in accordance with our internal standard 
operating procedure for aSAH. This included invasive blood pressure measurement, daily oral administration 
of nimodipine from day 0 to day 21 after aSAH, CVS screening, which entailed daily TCD, post-clipping DSA, 
weekly CT-A and/or CT-A in the event of clinical/ultrasonographic suspicion of CVS, and the initiation of 
induced hypertension therapy following radiographic evidence of CVS. The decision which treatment modality 
was selected to treat our patients was made in an interdisciplinary fashion by senior physicians in the Department 
of Neurosurgery and Department of Neuroradiology. All patients undergoing endovascular treatment received 
intravenous weight-adjusted unfractionated heparin (UFH) infusion. Patients without acetylsalicylic acid in 
their home medication also received intravenous ASA infusion.

The two pre-specified primary outcomes were the development of CVS and/or DCI.

Inclusion and exclusion criteria
Following the initial screening of our electronic medical records, a total of 491 adult patients with SAH (ICD-
10 code I60) were identified. Patients with non-aneurysmal SAH and patients in whom no bleeding source was 
found were excluded. Only adult patients admitted no later than 24 h after symptom onset were included. This 
criterion was set to allow monitoring of TC as early as possible. Patients with conditions significantly influencing 
the plasma TC, such as hereditary TC conditions, intraventricular lysis, or sepsis, were excluded. Additionally, 
patients were excluded if their personal data were missing, laboratory results were missing on days of interest, 
or the duration of loss of consciousness before admission was unclear. In 24 patients (5.4% of all screened 
aSAH patients), CVS were detected prior to day 2 after aSAH. This would suggest that the initial onset of aSAH 
might be more than 24 h prior to admission, which would render our capacity to detect an early decrease in 
thrombocyte count as our primary independent variable of interest impossible. Moreover, some studies consider 
ultra-early CVS (under 48 h) as a separate entity due to their higher incidence of symptomatic CVS and DCI24,25. 
We identified this as a potential bias, which led to the exclusion of these patients. Furthermore, participation in 
interventional studies rendered these patients ineligible for this study due to the potential for bias. After applying 
the aforementioned exclusion criteria, 233 patients were included for analysis. A study flowchart is shown in 
Fig. 1.

Statistical analysis
Statistical analysis was conducted using RStudio version 4.3.0 (RStudio: Integrated Development for R. 
RStudio, PBC, Boston, MA). First, descriptive statistics were employed to identify the basic characteristics that 
distinguished four groups of patients based on the presence or absence of CVS and DCI. For continuous data, 
the median with interquartile range (IQR) was calculated (median [25th quartile; 75th quartile]). The Wilcoxon 
matched-pairs test was employed to compare the median laboratory values between day 1 and day 7 in patients 

Scientific Reports |         (2025) 15:9826 2| https://doi.org/10.1038/s41598-025-93767-y

www.nature.com/scientificreports/

https://gdpr-info.eu/art-9-gdpr/
http://www.nature.com/scientificreports


with and without CVS and DCI as dependent variables. Univariate logistic regression was conducted to identify 
independent predictors of CVS and DCI development, followed by an adjusted multivariate logistic regression 
with the inclusion of variables regardless of statistical significance in the univariate analysis. Maximally selected 
log-rank statistics determined the optimal cut-off value of the relative TC decrease for the stratification of the 
time-to-event analysis (time-to-CVS). Implementing the cut-off of the relative TC decrease, an additional 
binary multivariate logistic regression on the development of CVS and DCI was performed. Only variables that 

Fig. 1.  Flow chart of patient selection process. ICD international classification of diseases, SAH subarachnoid 
hemorrhage, CVS cerebral vasospasm.
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demonstrated significant predictive value in a univariate setting were included in this analysis. ROC analysis was 
performed to assess the predictive value of our independent variable of interest. Spearman correlation was used 
to investigate the relationship between the extent of the observed TC decrease and the timing of CVS. Finally, 
additional univariate and multivariate logistic regressions on the development of DCI in a subgroup of patients 
with CVS were performed.Fig. 2

Results
Patient cohort characteristics
Of the 233 patients with aSAH enrolled, 182 (71.1%) developed CVS and 96 (41.2%) developed DCI. This 
accounted for 95 (52%) patients with CVS (p < 0.001). The median age was 56 [49; 65] years. Among the CVS 
patients, 94 (52%) underwent surgical clipping. In patients without CVS, the clipping procedure was performed 
in 18 cases (35%) (p = 0.039). In patients with DCI, 54 (56%) underwent surgical clipping, whereas in patients 
without DCI, 58 (42%) (p = 0.036) were treated surgically. All basic characteristics are summarized in Table 1.

The dynamics of the laboratory parameters in patients with and without CVS and DCI
In patients with CVS, the median relative difference of TC between day 1 and the day on which the minimum 
TC was observed was − 23.3% [-32.3; -15.7], compared to -4.3% [-15.3; 1.3] in patients without CVS (p < 0.0001). 
Patients with CVS exhibited a median increase in CRP of 495.5% [152.5; 1392], while patients without CVS 
demonstrated a median increase of 211% [59.1; 669.4] (p = 0.007). Significant differences were also observed in 
median Hct decrease between patients with and without CVS. The former exhibited a median Hct decrease of 
-8.1% [-16.2; -3.4], while the latter exhibited a median Hct decrease of -2.3% [-7.6; 3.4] (p < 0.0001) (Fig.3). The 
temporal follow-up of TC in patients with and without CVS is shown in Fig. 3C.

Fig. 2.  The figure displays the ROC curves for the TC decrease > 12.6% in predicting CVS and DCI. The red 
curve represents CVS with an AUC of 0.76, sensitivity of 81.87%, and specificity of 70.59%. The teal curve 
represents DCI with an AUC of 0.61, sensitivity of 83.33%, and specificity of 38.69%. The dotted diagonal 
line represents no discrimination. ROC receiver operating curves, AUC area under the curve, CVS cerebral 
vasospasm, DCI delayed cerebral ischemia.
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Similar to CVS, significant differences in median TC decrease were also observed between patients with and 
without DCI: -24.8% [-34.3; -16.6] vs. 16.1% [-24.7; -5.9] (p < 0.0001), respectively. The median Hct decrease 
also demonstrated significant differences between patients with and without DCI: -10.6% [-18.6; -5.3] vs. 5.4% 
[-10.3; 0.6] (p < 0.0001). There were no significant differences in median CRP increase between patients with and 
without DCI (Fig. 3B). Figure 3 C illustrates the temporal follow-up of the TC in patients with and without DCI.

Thrombocyte count decrease early after aSAH associated with increased risk of CVS and DCI
A significant univariate association was found between the relative TC decrease and the development of CVS 
(OR 1.11, CI [1.07–1.15], p < 0.001). Patients with higher grades on mFS exhibited a significantly increased 
risk of CVS (mFS 4 vs. mFS 1: OR 12.6, CI [4.01–43], p < 0.001). Additionally, endovascularly treated patients 
demonstrated a lower risk of CVS (OR 0.52, CI [0.27–0.98], p < 0.001). The development of CVS was not linked 
with age, sex, Hct, or CRP levels (Table 2).

In our multivariate model, the relative TC decrease shortly after aSAH was linked with higher risk of CVS (OR 
1.1, CI [1.06–1.14], p < 0.001). Higher mFS grades were found to be significantly predictive of CVS (mFS 4 vs. 
mFS 1: OR 23.1, CI [5.21–117], p < 0.001). Furthermore, endovascular treatment was found to remain associated 
with a smaller relative risk of CVS (OR 0.4, CI [0.16–0.96], p = 0.039). The remaining variables demonstrated no 
significant association with CVS (Table 2).

A higher risk of DCI was observed in patients with a relative TC decrease in the univariate model (OR 
1.05, CI [1.03–1.08], p < 0.001). The association of endovascular therapy with a lower relative risk of DCI was 
observed only in the univariate analysis (OR 0.57, CI [0.34–0.96], p = 0.036). In a multivariate analysis, the only 
single predictor significantly associated with the development of DCI was the relative TC decrease (OR 1.05, CI 
[1.03–1.08], p < 0.001) (Table 2).

Thrombocyte count decrease is associated with shorter CVS-free intervals after aSAH, and 
its extent correlates with earlier onset of CVS
After determining the optimal cut-off of 12.6% for relative TC decrease, the time-to-event analysis was 
performed. In patients with a TC decrease above the 12.6% cut-off, 18.9% showed no evidence of CVS on day 10 
compared to 59.4% CVS-free patients in the group without such a TC decrease. Only 9.8% of patients with a TC 
decrease above the cut-off remained without CVS on day 15 after aSAH compared to 52.2% of patients below the 
cut-off, showing that the group of patients with TC decrease above 12.6% showed more than 40% a higher event 
rate compared to patients without such TC decrease (p < 0.0001) (Fig.4 left).

By correlating the extent of TC decrease with the timing of CVS onset, we observed earlier CVS in patients 
with more extensive TC decrease (R = -0.28, p = 0.00016) (Fig.4, right).

The thrombocyte count decrease above 12.6% confers a 10-fold increased risk of CVS and a 
3-fold increased risk of DCI in both surgically and endovascularly treated patient
After dichotomizing our cohort into patients with and without TC decrease based on the 12.6% cut-off, we 
performed additional multivariate logistic regression. Patients with a TC decrease greater than 12.6% had a high 
relative risk of developing CVS (OR 10.6, CI [4.74–25.3], p < 0.001) and DCI (OR 2.7; CI [1.39–5.43]) (Table3. 
These observations remained consistent in a subgroup analysis of separate surgical and endovascular cohorts 
and are depicted in detail in Table 4.

Characteristics n = 2331

Cerebral vasospasm

p-value2

Delayed cerebral ischemia

no, n = 51 (21.9%)1 yes, n = 182 (71.1%)1 no, n = 137 (58.8%)1 yes, n = 96 (41.2%)1 p-value2

Sex 0.9 0.6

female 153 (66%) 34 (67%) 119 (65%) 88 (64%) 65 (68%)

male 80 (34%) 17 (33%) 63 (35%) 49 (36%) 31 (32%)

Age 57.1 (13.3) 59.3 (16.8) 56.5 (12.1) 0.3 57.56 (13.9) 56.4 (12.4) 0.6

Therapy 0.039* 0.036*

endovascular 121 (52%) 33 (65%) 88 (48%) 79 (58%) 42 (44%)

surgical 112 (48%) 18 (35%) 94 (52%) 58 (42%) 54 (56%)

DCI < 0.001** N/A

yes 96 (41%) 1 (2.0%) 95 (52%) N/A N/A

no 137 (59%) 50 (98%) 87 (48%) N/A N/A

mFS < 0.001** 0.11

1 20 (8.6%) 11 (22%) 9 (4.9%) 15 (11%) 5 (5.2%)

2 13 (5.6%) 2 (3.9%) 11 (6%) 6 (4.4%) 7 (7.3%)

3 121 (52%) 31 (61%) 90 (49%) 76 (55%) 45 (47%)

4 79 (34%) 7 (14%) 72 (40%) 40 (29%) 39 (41%)

Table 1.  Basic characteristics grouped by the presence of CVS and DCI. 1Statistics presented: n (%) and 
median with standard deviation (SD). 2Pearson’s Chi-squared test (for all n ≥ 5) and Fisher’s exact test (for all 
n < 5) for categorical and Wilcoxon rank sum test for continuous variables. *p < 0.05; **p < 0.001. CVS cerebral 
vasospasm, DCI delayed cerebral ischemia, mFS modified fisher scale.
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The predictive value of a relative thrombocyte count decrease > 12.6% for CVS and DCI was assessed using 
ROC analysis. The AUC was 0.76 for CVS (sensitivity 81.9%, specificity 70.6%) and 0.61 for DCI (sensitivity 
83.3%, specificity 38.7%). These findings indicate good discriminatory power for CVS, while the moderate 
performance for DCI suggests additional contributing factors or different cut off value, which is discussed below 
(Fig. 2).

Fig. 3.  (A): Box plots depicting the results of Wilcoxon matched pair test showing significant differences in 
percentual changes of all three laboratory parameters grouped by CVS presence (no CVS = blue, CVS = red). 
Median, IQR with 25th and 75Th quartile and maximums without outliers are presented. This suggests 
heterogeneity between patients with and without CVS in these parameters. This was most distinct for the 
changes in TC. (B): Box plots depicting the results of Wilcoxon matched pair test showing differences in 
percentual changes of laboratory parameters grouped by DCI presence (no DCI = blue, DCI = red). Median, 
IQR with 25th and 75Th quartile and maximums without outliers are presented. Only Hct and TC values 
showed significant differences, with TC showing the most significant distinction.(C): Temporal follow-up [days 
after aSAH] of median TC values [/nl] with 95% CI grouped by CVS and DCI presence (no CVS/DCI = blue 
line, CVS/DCI = red line; line represents median) showing steeper decrease of TC during the first two days after 
aSAH in patients with CVS and DCI. In patients with CVS and DCI overall lower TC values were reached. 
CRP C-reactive protein, Hct hematocrit, TC thrombocyte count, CVS cerebral vasospasm, CI confidence 
interval, IQR interquartile range, DCI delayed cerebral ischemia.

 

Scientific Reports |         (2025) 15:9826 6| https://doi.org/10.1038/s41598-025-93767-y

www.nature.com/scientificreports/

http://www.nature.com/scientificreports


Thrombocyte count decrease associated with DCI in a subgroup analysis of patients with CVS
Of 182 aSAH patients with CVS, 95 (52%) developed DCI. TC decrease was the only single predictor of DCI 
development both univariate (OR 1.03, CI [1.01–1.06], p < 0.013) and multivariate (OR 1.03, CI [1.01–1.06], 
p < 0.025). Age, sex, type of therapy, mFS, Hct decrease, and CRP increase showed no significant association with 
the development of DCI (Table 5). Only relative changes in TC and Hct showed significant differences between 
the two groups (p = 0.015 and p = 0.001 respectively; Fig.5 left). The TC dynamics in patients with CVS based on 

Fig. 4.  Left: Kaplan-Meier curve showing significantly lower probability (p < 0.0001) of CVS-free interval in 
aSAH patients with TC decrease > 12.6% (red line) as compared to patients with TC decrease ≤ 12.6% (blue 
line). * marks significant results.

 

Cerebral Vasospasm Delayed cerebral Ischemia

Univariate logistic 
regression

Multivariate logistic 
regression

Univariate logistic 
regression

Multivariate logistic 
regression

n = 233 OR 95% CI p-value OR 95% CI p-value OR 95% CI p-value OR 95% CI p-value

Age 0.98 0.96, 1.01 0.18 0.99 0.96, 1.02 0.55 0.99 0.97, 1.01 0.49 0.99 0.97, 1.01 0.47

Sex 0.86 0.26 0.58 0.47

female — — — — — — — —

male 1.06 0.55, 2.08 0.59 0.23, 1.47 0.86 0.49, 1.48 0.79 0.41, 1.5

Therapy 0.037* 0.039* 0.036* 0.23

endovascular 0.51 0.26, 0.96 0.4 0.16, 0.95 0.57 0.34, 0.96 0.69 0.37, 1.27

surgical — — — — — — — —

mFS < 0.001** < 0.001** 0.11 0.58

1 — — — — — — — —

2 6.72 1.35, 51.3 5.08 0.61, 65.2 3.50 0.81, 16.6 2.04 0.40, 11.1

3 3.55 1.35, 9.6 6.35 1.85, 22.8 1.78 0.64, 5.76 1.62 0.54, 5.56

4 12.6 4.01, 43 23.8 5.34, 121 2.93 1.02, 9.7 2.18 0.68, 7.9

TC decrease [%] 1.11 1.07, 1.15 < 0.001** 1.10 1.06, 1.14 < 0.001** 1.05 1.03, 1.08 < 0.001** 1.05 1.03, 1.08 < 0.001**

Hct decrease [%] 1 0.99, 1.01 0.75 1 0.50 1 0.99, 1.01 0.89 1 0.99, 1.01 0.74

CRP increase [%] 1 1, 1 0.64 1 1, 1 0.45 1 1, 1 > 0.99 1 1, 1 0.68

Table 2.  Prediction of CVS and DCI in univariate and multivariate logistic regression. *p < 0.05; **p < 0.001. 
CVS cerebral vasospasm, DCI delayed cerebral ischemia, mFS modified fisher scale, TC thrombocyte count, 
Hct hematocrit, CRP C-reactive-protein.
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the presence of DCI show similar median TC values on day 1 after aSAH with a clear diversion of the median 
TC values between the two groups around day 2 and day 3 after aSAH (Fig. 5).

Potential confounders and their influence on primary outcomes
Overall, 19 patients (8.5%) were taking ASA as part of their home medication. During interventions, 110 
patients (47.2%) received intravenous ASA infusion, 11 (4.7%) received intravenous ticagrelor infusion, and 120 
(51.5%) received intravenous UFH infusion. Significant differences were observed between patients with and 
without CVS and/or DCI regarding intrainterventional ASA administration (p = 0.028 for CVS and p = 0.027 for 
DCI) and UFH administration (p = 0.033 for CVS and p = 0.025 for DCI). The majority of these patients did not 
develop CVS and/or DCI. Meanwhile, the use of ticagrelor or NOACs showed no significant differences between 
the two subcohorts.

Regarding autoimmune and atopic diseases, only Hashimoto thyroiditis, bronchial asthma, and inflammatory 
bowel disease (IBD) were identified within our cohort. No significant differences in these conditions were 
observed between patients with and without CVS or DCI. Details on the distribution of these diseases, along 
with a detailed analysis of antiplatelet agents and anticoagulants, are summarized in Supplementary Table 1.

In univariate logistic regression, the intra-interventional intravenous administration of ASA and UFH was 
significantly associated with a lower relative risk of CVS (ASA: OR 0.49, CI [-1.34, -0.07], p = 0.03; UFH: OR 0.5, 
CI [-1.34, -0.05], p = 0.035). Similarly, these interventions were associated with a lower relative risk of DCI (ASA: 
OR 0.55, CI [-1.13, -0.07], p = 0.027; UFH: OR 0.55, CI [-1.13, -0.08], p = 0.025). However, these associations 
did not persist in multivariate logistic regression analyses. Additionally, no significant associations were found 
between autoimmune or atopic diseases and the risk of CVS or DCI (Supplementary Table 2).

To further investigate the influence of antiplatelet medications and anticoagulation on our findings, we 
conducted additional logistic regression analyses using our TC decrease cut-off as the dependent variable. In 
the univariate setting, ASA use as home medication (OR 0.45, CI [-1.4, -0.22], p = 0.007), its intrainterventional 
intravenous administration (OR 0.42, CI [-1.45, -0.29], p = 0.003), and the intrainterventional intravenous 
administration of UFH (OR 0.45, CI [-1.38, -0.22], p = 0.007) were all significantly associated with a TC decrease 

CVS prediction in
surgical cohort

CVS prediction in
endovascular cohort

DCI prediction in
surgical cohort

DCI prediction in
endovascular cohort

OR 95% CI p-value OR 95% CI p-value OR 95% CI p-value OR 95% CI p-value

mFS

1 — — — — — — — — — — — —

2 —+ —+ —+ 2.1 -2.45, 3.93 0.648 3.06 -0.79, 3.02 0.25 2.61 -1.95, 3.87 0.518

3 5.14 -0.18, 3.46 0.078 6.23 0.18, 3.48 0.030* 1.88 -0.87, 2.14 0.41 1.73 -1.11, 2.21 0.516

4 10.36 0.12, 4.56 0.039* 34.4 1.67, 5.41 < 0.001** 3.06 -0.47, 2.7 0.167 2.96 -0.58, 2.75 0.201

TC decrease [%]

≤ 12.6 — — — — — — — — — — — —

> 12.6 15.81 1.45, 4.07 < 0.001** 10.9 1.33, 3.45 < 0.001** 3.36 0.17, 2.25 0.023* 2.5 0.06, 1.77 0.036*

Table 4.  Differences in prediction of CVS and DCI in surgical and endovascular group in a multivariate 
logistic regression. *p < 0.05; **p < 0.001; +unrealistically high values measured, since all grade 2 mFS patients 
in surgical cohort developed CVS. CVS cerebral vasospasm, DCI delayed cerebral ischemia, mFS modified 
fisher scale, TC thrombocyte count, Hct hematocrit, CRP C-reactive-protein.

 

Cerebral Vasospams
Delayed Cerebral 
Ischemia

n = 233 OR 95% CI p-value OR 95% CI p-value

Therapy 0.072 0.086

endovascular 0.47 0.2, 1.07 0.61 0.34, 1.07

surgical — — — —

mFS < 0.001** 0.15

1 — — — —

2 6.4 0.93, 64.1 2.86 0.63, 14.3

3 5.65 1.70, 19.5 1.77 0.61, 5.91

4 27.1 6.59, 126 2.98 1, 10.2

TC decrease [%] < 0.001** 0.003*

≤ 12.6 — — — —

> 12.6 10.6 4.74, 25.3 2.7 1.39, 5.43

Table 3.  Prediction of CVS and DCI in binary multivariate logistic regression.
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below 12.6%. However, these associations were not confirmed in the multivariate analysis (Supplementary Table 
3).

Discussion
In our study, an early decrease of TC shortly after aSAH was significantly predictive of CVS and DCI. The 
incidence of radiographically proven CVS in our cohort, in which induced hypertension therapy was initiated, 
was 78%, with 41% of patients developing DCI. Current literature reports the incidence of CVS and DCI as high 
as 70% and 30%, respectively2,3. Our study confirmed a higher risk of CVS in patients with higher mFS grade 

Fig. 5.  Subgroup analysis of patients with CVS on DCI presence Left: Box plots depicting results of Wilcoxon 
matched pair test showing differences in percentual changes of laboratory parameters grouped by DCI 
presence in CVS patients (no DCI = blue, DCI = red). Median, IQR with 25th and 75Th quartile and maximums 
without outliers are presented. Only Hct and TC values showed significant differences, with Hct showing 
the most significant distinction as a sign of heterogeneity in hydration status between CVS patients with 
and without DCI. Right: Temporal follow-up [days after aSAH] of median TC values [/nl] with 95% CI in 
CVS patients grouped by DCI presence (no DCI = blue line, DCI = red line; line represents median) showing 
similar rate of TC decrease at the disease onset but overall lower TC reached in patients with DCI confirming 
the observations from the initial analysis. CRP C-reactive protein, Hct hematocrit, TC thrombocyte count, 
DCI delayed cerebral ischemia, IQR interquartile range, CI confidence interval.

 

n = 182

Univariate logistic 
regression

Multivariate logistic 
regression

OR 95% CI p-value OR 95% CI p-value

Age 1 0.97, 1.02 0.77 0.99 0.97, 1.02 0.59

Sex 0.56 0.59

female — — — —

male 0.83 0.45, 1.54 0.83 0.41, 1.65

Therapy 0.24 0.99 0.97, 1.02 0.59

endovascular 0.71 0.39–1.26 0.40 0.16, 0.95

surgical — — — —

mFS 0.77 0.95

1 — — — —

2 1.40 0.23, 8.89 0.88 0.13, 6.24

3 0.77 0.18, 3.07 0.69 0.15, 2.96

4 0.95 0.22, 3.86 0.76 0.16, 3.43

TC decrease [%] 1.03 1.01, 1.06 0.013* 1.03 1.00, 1.06 0.025*

Hct decrease [%] 1 0.99, 1 0.77 1 0.99, 1.01 0.98

CRP increase [%] 1 1, 1 0.83 1 1, 1 0.88

Table 5.  DCI prediction in CVS patients in univariate and multivariate logistic regression. *p < 0.05; 
**p < 0.001; +unrealistically high values measured, since all grade 2 mFS patients in surgical cohort developed 
CVS. CVS cerebral vasospasm, DCI delayed cerebral ischemia, mFS modified fisher scale, TC thrombocyte 
count, Hct hematocrit, CRP C-reactive-protein.
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on admission. This was not observed for DCI, for which conflicting studies have been published26,27. The only 
independent variable in our study other than mFS significantly associated with CVS and DCI was the relative 
decrease in TC observed shortly after aSAH. Patients with a TC decrease greater than 12.6% had a 10-fold 
increased relative risk of CVS and a 3-fold increased risk of DCI. Interestingly, patients with a more profound 
decrease in TC tended to develop CVS earlier. In our cohort, endovascular treatment showed a minimal 
protective effect. This was not significant after dichotomization of our data based on TC decrease cut-off. 
Although mechanical manipulation of cerebral arteries during microsurgical clipping could theoretically lead to 
CVS, several previous studies with larger cohorts have reported no difference in association with CVS between 
endovascular and surgical treatment28–30. It could also be argued that surgery alone could lead to thrombocyte 
depletion and thus a decrease in TC. However, in a similar study, Hirashima et al. included a control group of 
elective cranioplasty cases without observing such a decrease in TC, making this observed association unlikely31.

As DCI and CVS remain the predominant causes of significant morbidity and mortality in patients after 
aSAH1, the need for risk stratification and implementation of reliable diagnostic tools to screen and detect such 
complications remains a top priority in the care of aSAH patients. Risk stratification based on mFS has been 
widely used as a predictor of CVS23. The most commonly used diagnostic tool to screen for CVS is TCD, which is 
dependent on operator experience, resulting in high interrater variability32. To our knowledge, there is no widely 
used predictive marker for CVS or DCI that reflects the pathophysiology of these complications.

The pathophysiology of CVS and DCI has been the subject of extensive research over the past three decades. 
Involvement of the inflammatory cascade has been proposed as a key mediator in the pathophysiology of CVS33. 
The observed association of increased expression of several cytokines34, e.g. the peak expression of CD34 at the 
time of CVS diagnosis35 in canine and mouse aSAH models, only further validates the inflammatory theory 
of the development of CVS and DCI. Thrombocytes also appear to play a critical role in the inflammatory 
cascade. A decrease in the plasma TC is a component of the acute phase response, hence the exclusion of 
patients diagnosed with sepsis and bacteremia from our study, as these clinical conditions massively influence 
plasma TC36. A disproportionate release of a thrombocyte prostaglandin, thromboxane A2 (TXA2), leads to 
extensive thrombocyte aggregation and vasoconstriction in the cerebral vasculature, which is exacerbated by the 
subsequent release of other vasoactive substances: adenosine diphosphate and serotonin37. The interventional 
study by Tokiyoshi et al. even showed that inhibition of TXA2 synthetase, which is responsible for the production 
of TXA2 in thrombocytes, reduced symptomatic vasospasm38. In turn, a dysregulated thrombocyte aggregation 
after aSAH may lead to microthrombosis, resulting in microcirculatory hypoperfusion and generation of 
DCI39. Indeed, for the formation of microthrombi, the abundant activation of coagulation cascade is needed. 
Specifically for primary hemostasis, the increasing release of platelet activation factor during the first 4 days after 
aSAH has already been reported40. The platelet activation is believed to contribute to the generation of DCI and 
was associated with more severe early brain injury and worse neurological outcome on 3-month follow-up41. 
The processes of inflammation and microthrombosis formation are probably intertwined and have potentiating 
effects on each other in their critical roles in DCI development42. Microthrombosis has also been postulated 
to contribute to the generation of cortical spreading depolarizations43. Our study therefore puts the role of 
thrombocyte depletion early after the aSAH in context of both, inflammatory and microthrombosis theories of 
CVS and DCI.

We could identify three studies investigating the observed decrease in TC in relation to CVS and/or DCI. 
Hirashima et al. retrospectively evaluated the decrease in TC as an independent risk factor for symptomatic 
CVS after aSAH. All were surgically treated patients. They found that the identified decrease in TC of more than 
30% was significantly associated with the development of delayed ischemic neurological deficit (DIND) due to 
CVS31. In a prospective setting, Aggarval et al. studied 74 consecutive aSAH patients. Similarly, they found that 
the relative TC decrease detected between day 5 and day 9 after aSAH was significantly associated with DIND44. 
In a recent study from Rieß et al., thrombocytopenia was associated with higher DCI rates, higher in-hospital 
mortality and higher rate of non-favorable outcomes. Group of patients demonstrating a decrease in TC during 
the course of the disease also showed higher in-hospital mortality45. In our study, we also performed a time-
to-event analysis, which showed a significantly higher rate of CVS in the group of patients with the observed 
decrease in TC. We also correlated the magnitude of this relative TC decrease with the time of CVS onset and 
found that patients with a greater relative TC decrease tended to develop CVS earlier. This association suggests 
a potential diagnostic window for early detection and intervention and should be subjected to validation in 
prospective studies.

Regarding the limitations of our study, the retrospective design is certainly the most limiting. Several potential 
confounders may not have been fully accounted for in our analysis. One notable factor is the standard treatment 
protocol for CVS, which includes induced hypertension. This intervention can contribute to hemodilution, 
potentially affecting thrombocyte counts. Hemodilution, however, is an inherent limitation in retrospective 
studies of this type. Additionally, aggressive fluid resuscitation, commonly used in the acute management of 
aSAH, may further influence thrombocyte counts through dilution effects. We also acknowledge the controversy 
of induced hypertension therapy, whose efficacy in treating CVS and DCI has not yet been confirmed in a 
randomized setting. The only RCT of induced hypertension in the treatment of DCI was prematurely terminated 
due to slow recruitment, but conveyed an important message that this therapy may be of benefit only in selected 
patients with aSAH, calling for better risk stratification of patients with CVS46. Despite this, our data indicate that 
hematocrit (Hct) changes were not significantly associated with CVS or DCI in multivariate regression analyses. 
While hydration status was assessed using Hct values, additional metrics, such as fluid balance data, would be 
necessary to fully account for this confounding variable. Another potential confounder, systemic inflammation, 
can lead to thrombocyte sequestration and depletion. The elevated C-reactive protein (CRP) levels observed 
in patients with CVS likely reflect an inflammatory response. To mitigate this confounding factor, we excluded 
patients with documented sepsis and bacteremia. Moreover, CRP itself showed no significant predictive value 
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for DCI in our analysis, supporting the hypothesis that thrombocyte count (TC) dynamics are not solely driven 
by inflammation. Nonetheless, subclinical infections or transient inflammatory states—undetectable by CRP 
alone—could still influence thrombocyte counts. Future studies could use more sensitive inflammatory markers 
(e.g., interleukin-6 [IL-6], procalcitonin) or established clinical scores, such as the Sequential Organ Failure 
Assessment (SOFA) score, to better characterize this factor47. Pre-existing conditions, such as liver dysfunction, 
autoimmune disorders, or hematological diseases, could also contribute to baseline thrombocytopenia. We 
attempted to minimize this confounding effect by excluding patients with known hereditary thrombocyte 
conditions and analyzing the potential impact of autoimmune or atopic diseases, which were found to be 
insignificant. However, the influence of undiagnosed conditions cannot be entirely ruled out.

The role of TC dynamics in the development of CVS and DCI raises questions about the use of antiplatelet 
and anticoagulation therapy in aSAH patients. While not confirmed in multivariate analyses, our data suggested 
that intrainterventional administration of ASA and UFH in endovascularly treated patients was associated with 
a lower relative risk of CVS and DCI. However, because nearly all endovascularly treated patients at our center 
received both ASA and UFH intravenously, we could not isolate the specific effects of these agents from those 
of the coiling procedure itself. Furthermore, we observed no effect from orally administered ASA or DOACs 
taken as part of home medication. The existing literature offers some support for a protective role of ASA. For 
instance, long-term oral ASA use has been associated with lower mortality, improved functional outcomes, and 
potentially reduced DCI incidence48. Garton et al. similarly reported an association between ASA use and lower 
DCI rates, as well as better functional outcomes49. However, both findings stem from meta-analyses dominated by 
retrospective studies with limited reproducibility, warranting cautious interpretation. A randomized controlled 
trial (RCT) examining the use of 100 mg ASA as a suppository for 14 days following aSAH was discontinued 
after interim analyses suggested negligible effects on DCI development50. Regarding UFH, its impact on CVS 
and DCI risk remains poorly understood due to the lack of randomized studies. An ongoing RCT is currently 
evaluating the effects of low-dose intravenous UFH on these outcomes51. In our cohort, all aSAH patients 
received low-molecular-weight heparin (LMWH), primarily enoxaparin, starting 24 h after ictus, precluding an 
assessment of its effects from our data. However, an RCT by Siironen et al. found no significant effect of LMWH 
on the functional outcomes of aSAH patients52. There are currently over 300 drugs that may potentially cause 
drug-induced thrombocytopenia (DITP). Of those most frequently administered ones in patients after aSAH are 
already mentioned LMWH, antiplatelet drugs, antibiotics (especially piperacillin, ceftriaxone and vancomycin) 
and non-steroid anti-inflammatory drugs (NSAIDs, e.g. ibuprofen). DITP caused by antibiotics and NSAIDs is 
an extremely rare condition with only case reports available53. Moreover, the vast majority of our patients with 
or without CVS and/or DCI never reached levels of TC below a threshold of a thrombocytopenia. Since no 
effect of broadly administered antiplatelet agents and UFH on TC decrease was found, no further analysis on the 
remaining drugs rarely associated with DITP was performed. Despite this, we cannot fully rule out the influence 
of these or other broadly administered medications on our data.

We are also aware that the actual cut-off value for the TC decrease in DCI might differ from that in CVS, 
especially when studies showing discrepancy between processes involved in CVS and DCI, suggesting DCI 
development independent of CVS, are taken into account54. However, the reason for choosing the same cut-off 
value for both, CVS and DCI, was the inability to reliably determine the onset of DCI, especially in a retrospective 
setting. Our study also lacks a clinical correlate of the developed CVS and DCI (DIND) or outcome measures 
at follow-up. We believe that these are best studied in a prospective, standardized fashion to ensure sufficient 
reliability of such data inasmuch going beyond the scope of our study.

The causal relationship between TC decrease and CVS/DCI development remains uncertain, underscoring 
the need for further prospective mechanistic studies. If such prospective studies confirm our findings, it might 
potentially provide a relatively simple marker for the risk stratification of patients after aSAH.

Conclusions
In conclusion, our study highlights the potential importance of thrombocyte count dynamics in the context 
of CVS and DCI following aSAH. Specifically, we observed that a relative decrease in TC greater than 12.6% 
within the first few days following aSAH was strongly associated with the development of CVS and DCI, often 
preceding their radiographic diagnosis by a median of three days. However, it is important to emphasize that 
these findings are associative and require confirmation in prospective studies. If validated, TC dynamics could 
represent an early indicator of CVS and DCI risk stratification, potentially informing the timing of interventions 
to reduce associated morbidity and mortality.

Data availability
The data supporting the findings of this study are not publicly available due to local GDPR regulations. However, 
access to this data can be granted upon reasonable request via email (Oros@med.uni-frankfurt.de).
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