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Obijective: It is well known that spontaneous non-aneurysmal subarachnoid hemorrhage (SAH), also known as sine materia SAH
(smSAH), has usually a better course and prognosis than its aneurysmal counterpart (aSAH). This might depend on different
inflammatory mechanisms initiated by bleeding events of different origins. The aim of the present study was to explore the systemic
inflammatory response in spontaneous SAH, comparing aSAH and smSAH.

Methods: We performed a prospective observational study over a consecutive series of patients with SAH. For these patients, we
collected all clinical data and, furthermore, performed venous blood sampling over six time points to analyze blood cells. We further
performed the analysis of lymphocytes and monocytes by means of flow cytometry to quantify common subtypes. Statistical analysis
included a t-student test, Chi-square test, multivariate logistic regression, and ROC analysis.

Results: 48 patients were included: six (12.5%) with a diagnosis of spontaneous smSAH, and forty-two patients (87.5%) with aSAH.
Significant differences on Day 0 were found for neutrophils and a systemic neuro-inflammatory index, namely, systemic inflammatory
response index (SIRI). At the ROC analysis, neutrophil-to-lymphocyte ratio (NLR), lymphocyte-to-monocyte ratio (LMR), and SIRI
exhibited satisfactory predictive power on day 0. At the multivariable logistic regression analysis, the combined index (NLR, LMR,
SIRI at day 0) yielded an OR of 0.59 (95% CI 0.29-1.21]). LMR at day 0 yielded an OR of 1.25 ([95% CI 0.94-1.68]), NLR at day 0
exhibited an OR of 0.68 ([95% CI 0.42—1.09]), and SIRI at day 0 displayed an OR of 0.31 ([95% CI 0.06—1.49]).

Conclusion: This preliminary study indicated a possible role of some inflammatory indices that point out the importance of innate
and adaptive immunity in the etiopathogenetic mechanisms. Drugs modulating these responses could eventually counteract or, at least,
reduce secondary damage associated with SAH.

Keywords: SAH, aneurysmal SAH, sine materia SAH, SAH of unknown origin, systemic inflammation, neutrophils, inflammatory
indices

Background

Spontaneous subarachnoid hemorrhage (SAH) is associated, in most cases, with the rupture of an intracranial aneurysm,
and represents a severe life-threatening event, in both the acute and delayed phases, accounting for 5% of all strokes, with
an overall mortality rate of 30-70% and severe neurological impairment in 10-20% of surviving patients.' In some
patients (approximately 15-20% of cases), however, no aneurysm or source of hemorrhage can be detected, even after
repeated exams, and this scenario is defined as sine materia SAH (smSAH), SAH of unknown origin, non-aneurysmal
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SAH (naSAH), angiographically negative SAH, or SAH with negative angiographic findings. smSAH represents a highly
heterogeneous condition in terms of epidemiology, clinical course, and related clinical and functional outcomes,
including complications, hospital stay, and overall prognosis.* The precise cause of bleeding is yet to be identified,
even though several hypotheses about possible sources of bleeding have been formulated, including the rupture of
perforating arteries or capillaries, such as the pontine arteries, the presence of microaneurysms, cavernous or arteriove-
nous malformations, bleeding from the superficial (perimesencephalic/prepontine) or deep venous system (like the basal
veins of Rosenthal), or hemorrhage arising from basilar trunk dissections.”® Although even in these patients subar-
achnoid blood is not harmless, and recent studies have shown possible vasospasm, re-bleeding, hydrocephalus, seizure,
cognitive impairment, and depression among sequelae,”’ the prognosis of smSAH patients is much better when
compared with aneurysmal SAH (aSAH)."”

Given its inherent heterogeneity, the clinical course, and the epidemiology of smSAH are not well characterized in the

=15 can be utilized to define the risk factors, clinical/

extant scholarly literature. Indeed, only a few case series
neurological and radiographic manifestations, prognosis, and outcomes in smSAH, as well as its etiopathogenesis. For
instance, while primary hemorrhage damages the brain parenchyma directly,® through various cellular and molecular
mechanisms and cascades/pathways, also secondary brain injury can occur. Inflammatory events play a major role in the
activation and promotion of programmed cell death at the central nervous system level.'® However, while the inflam-
matory events have been widely studied in aSAH,'” there is a lack of data concerning inflammation and inflammatory
markers in naSAH, with a few notable exceptions.'®'® Therefore, the present study was devised, with the aim of
comparing the systemic inflammatory response in patients with aSAH and in patients with spontaneous SAH of unknown
origin. Patients with aSAH analyzed in the present study belong to a study cohort already described in a previous
publication,”® where the inflammatory systemic response in aSAH patients was assessed in relation to vasospasm.
Recruitment for this study (including patients with smSAH) occurred contemporaneously with our prior study. Since
in aSAH patients, the brain immune inflammatory responses have been shown to correlate with complications, such as
early brain injury, delayed cerebral ischemia, and long-term outcomes and sequelae,'” and given the milder course of
smSAH, we hypothesized that systemic inflammatory response biomarkers could reflect a stronger inflammatory status
affecting the brain vasculature and parenchyma after aSAH and could potentially discriminate between aSAH and
smSAH from the onset of the disease (day 0).

Methods

Patients and Methods
Study Design and Outline
The present investigation was designed as a prospective, observational, multicentric pilot study. Its protocol has been
in-depth reviewed and fully approved by the Ethics Board of the two hospitals with neurosurgical units that managed
patients with spontaneous SAH in the study setting (Genoa, Italy): namely, the Polyclinic Hospital San Martino
IRCCS, Genoa, Italy, which acted as the leading institution for this study (24™ May 2013, with the registration number
51/13) and E.O. Ospedali Galliera, Genoa (4™ March 2013, with the registration number PG 905/13). The study was
conducted in accordance with the Helsinki Declaration of 1975 (revised in 1983) and its subsequent amendments.
The management of SAH patients was done according to the European — American Guidelines for the Management of
SAH 2122
At the two study hospitals, in the time period between June 21% 2013 and June 21% 2016, a consecutive series of
patients with spontaneous (ie, non-traumatic) SAH with admission CT scans carried out within 24 hours after SAH were
recruited, after informed consent. This was signed by the patients themselves whenever possible or by their closest
relatives/legal guardians when the patients were unable to sign. Diagnosis of the intracranial aneurysm was performed by
means of CT angiography (CTA), or, when CTA was either not clear or negative, or whenever required for treatment
purposes, by digital subtraction angiography (DSA). SAH patients with negative DSA study underwent a second DSA
study after 4-10 days. In the present study analysis, also patients with spontaneous smSAH were included, differently

. . . 2
from our previous publication.*
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Six time points were set as follows: day 0, days 3—4, days 6-8, days 1011, days 13—15, and days 18-21 after aSAH,
since i) we aimed to capture both the acute and post-acute phase of the event, and ii) the diagnosis of smSAH requires
repeated exams and an accurate radiographic/diagnostic work-up.> These specific time points were chosen in that
approximately two-thirds of aSAH patients develop vasospasm from 3 to 14 days after initial rupture.>**> At each time-
point, blood work included routine exams, and, moreover, an additional sample was collected for further cytometric
characterization (see””).

Exclusion criteria were the following: death before days 6-8, re-bleeding, moribund patients at admission, co-existing
immunological disorder, severe sepsis, and inadequate flow-cytometry acquisition/characterization. Sine materia sponta-
neous SAH patients were included in the study and categorized as such only after repeated follow-up studies of negative
vessel imaging, which confirmed the absence of an aneurysm. Few patients in not homogenous conditions (such as those
with re-bleeding, those with acute severe neurological deterioration, and those with the onset of severe sepsis) would
have confounded the picture, requiring a larger sample size to reach an adequate power analysis threshold.

Data collected included sex/gender, age, history of allergy, cigarette smoking, alcohol abuse, family history positive
for SAH, previous stroke or cerebrovascular accidents, cardiopathy, dyslipidemia, diabetes mellitus, hypertension, use of
statins before and/or during hospitalization, consumption of tranexamic acid before aneurysm occlusion, Glasgow Coma
Score (GCS), World Federation of Neurosurgical Societies (WFNS) SAH grading scale, Hunt-Hess and Fisher scores,
modality and timing of aneurysm treatment (surgical or endovascular), presence of multiple aneurysms, steroid therapy
during hospitalization, troponin rise at admission, and the insurgence of infective complications. Further, variations of
neurological status at each time point were annotated as well, and the modified Rankin (mRS) score was marked at the
last time point.

The following study methods have been described in more detail in a recent publication from our group,”” to which
the reader is kindly referred.

Furthermore, we computed the following inflammatory indexes: i) Neutrophil-to-Lymphocyte ratio (NLR), ii)
Lymphocyte-to-Monocyte ratio (LMR), iii) Platelet-to-Monocyte ratio (PMR), iv) systemic inflammation response
index or SIRI (Neutrophils x Monocytes/Lymphocytes), and v) systemic immune-inflammation index or SII
(Neutrophils x Platelets/Lymphocytes).

Laboratory Methods

Leukocyte phenotyping has been described in a recent publication by our group.? Peripheral blood mononuclear cells
(PBMC) were isolated from human peripheral whole blood by Ficoll-Paque density gradient centrifugation, and the pellet
was re-suspended with a dilution of 1x10° cells/mL in Fluorescence-Activated Cell Sorting (FACS) buffer. 100uL
suspension was then distributed in 4 tubes:

e Tube 1: not stained, containing 100uL of the PBMC suspension.

e Tube 2: for CD3 assessment: 100uL of the PBMC suspension, Monoclonal antibodies (3uL. CD3 FITC - BD
Bioscience 561,806 + 40uL FACS Buffer);

e Tube 3: for T and B cell phenotyping; 100uL of the PBMC suspension, Monoclonal antibodies (3uL CD3 FITC +
3ul CD4 PE - BD Bioscience 555,347 + 2ul. CD8 PE-Cy7 - BD Bioscience 557,746 + 3uL. CD19 PE-CyS5 - BD
Bioscience 555,414);

e Tube 4: for monocytes (M1, M2) and natural killers (NK) phenotyping: (3uL CD3 FITC + 2uL. CD56 PE-Cy7 - BD
Bioscience 557,747 + 3uL. CD16APC - BD Bioscience 561,248 + 2ul. CD14APC-Cy7 - BD Bioscience 561,384 +
3ulL HLA-Dr PerCP - BD Bioscience 347,402).

Incubation for staining was carried out at 4°C for 30 minutes and the tubes were subsequently washed with 2mL FACS
buffer, spinned at 1500rpm % Smin, dechanted, and re-suspended in 500uL of FACS buffer.
The tubes were analyzed with FACScanto 2 BD USA and with BD FACSdiva v8.1.
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Statistical Methods

Prior to statistical processing and analysis, data were visually inspected for the identification of potential outliers, to see
which statistical test was the most adequate based on the distribution of data. The normality of data distribution was
checked with Shapiro—Wilk’s test. Given the small sample size employed, this test was preferred over other tests, such as
the D’ Agostino-Pearson omnibus test. Univariate analyses (Student’s #-test or its non-parametric test in case of violation
of normality of data distribution and chi-squared test) were used to compare the two groups (aSAH and smSAH) for age
and sex/gender distributions, co-morbidities, risk factors for aSAH, clinical status, and radiological scores at presentation,
treatment modality, and complications. Given the exploratory nature of the present studies, concerning the different time
points, both uncorrected and corrected p-values for multiple comparisons were calculated (with significance thresholds of
0.05 and 0.05/6 (0.008), respectively). Moreover, only for the sake of completeness, formal repeated measures analyses
were conducted. Multivariable logistic regression analysis (conducted on those variables significant at the univariate
analysis and adjusting for confounding factors such as age and sex/gender) was carried out to shed light on differences in
the inflammatory response between aSAH and smSAH patients.

Moreover, receiver operating characteristic (ROC) analysis was conducted to investigate whether cellular immuno-
logical parameters could discriminate according to the SAH type (aSAH versus smSAH), based on our initial hypothesis.
For this purpose, the area under the curve (AUC) was calculated for those parameters significant in the univariate
analysis as predictor variables and SAH type as a classification variable. Furthermore, the Youden’s J index was used to
determine the best cut-off point to achieve acceptable sensitivity and specificity levels.

Using the G*Power software (v3.1.9.6, University of Kiel, Germany) for calculating the a priori sample size power,
for repeated measurement analysis, assuming an alpha error probability of 0.05, a power of 0.80, and two independent
groups (aSAH and smSAH), with 6 different time points, and no information about correlations among the serial

measurements,®

expecting a small-to-medium effect size (with f ranging from 0.20 to 0.25) based on the existing
literature,'® the overall minimum sample size requested was found to vary between 24 and 36, with the minimum
requested number of smSAH patients ranging from 4 to 5, assuming a 15% prevalence rate. Furthermore, post-hoc power
analysis of the sample size demonstrated the statistical robustness of our study.

GraphPad Prism Software Mac v7, “Statistical Package for Social Sciences” (SPSS v24 for Windows, IBM, Armonk,
NY, USA) and MedCalc Statistical Software version 17.9.7 (MedCalc Software bvba, Ostend, Belgium; http:/www.
medcalc.org; 2017) were used for statistical analyses. Figures with a p-value less than 0.05 were considered statistically

significant.

Results

Between June 21%, 2013, and June 21* 2016, 63 patients affected by spontaneous SAH were recruited with a 100% rate
of study participation. For study analysis purposes, 15 of 63 patients (23.8%) have been excluded: 6 patients were
moribund at admission (ie, unsalvageable patients), and one patient re-bled, for 6 patients flow-cytometric analysis had
not been possible for technical problems, and, finally, 2 patients with aSAH had no cranial window for transcranial
Doppler (TCD), nor any instrumental work-up documenting vasospasm. 48 patients have, thus, been included: six
patients (12.5%) had a diagnosis of spontaneous smSAH, whereas forty-two patients had aSAH (87.5%).

At admission (see Table 1), the two groups did not statistically differ in sex/gender distribution and age, and there
were no differences in the history of cigarette smoking, allergy, hypertension, cardiopathy, dyslipidemia, previous stroke,
and family history of aSAH. Also, the mean Fisher score was not significantly different (2.79+1.14 in the aSAH group
versus 2.67+0.82 in the SmSAH group, p=0.76), even though the distribution was different, with 14/42 Fisher grade IV
patients in the aSAH group and 0 in the SmSAH group. Interestingly, the two patient groups had significantly different
neurological scores at presentation: the mean GCS score was 14+2.6 in the aSAH group and 15+0.5 in the SmSAH group
(p=0.0425), WFNS was 1.93£1.18 in the aSAH group and 1.33+0.516 in the smSAH group (p=0.0015). However, the
mean Hunt Hess scale was not significantly different between these groups.

As it could be expected, the mRS score registered at the last study timepoint was significantly different (p=0.0022),
with all smSAH patients having an mRS score of 0.
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Table | Characteristics of the Patients Included in the Study and of Treatment Modality (Significance Was
Assessed with Chi-Squared Test, Where Not Specified or the Two-Tailed t-Test or the Mann Whitney Test)

aSAH (42 Pts) Sine Materia P value
SAH (6 Pts)

Gender: M;F 13; 29 3;3 0.35

Age (mean, SD) 5826+ 15.07 55.5 £ 15.40 t-test unpaired with Welch
correction, 2 tails 0.695

Allergy 7/41 2/6 0.344

History of smoking 22/39 3/6 0.77

Hypertension 24/42 2/6 0.22

Cardiopathy 2/42 1/5 0.26

Previous stroke 3/42 1/6 0.5

Dyslipidemia 22/36 4/6 0.8

Family history for SAH 4/40 0/6 0.42

Fisher scale (mean, SD) 279+ 1.14 2.67 + 0.82 t-test unpaired with Welch
correction, 2 tails 0.76

| 9 |

Il 5 0

11l 14 5

v 14 0

GCS (mean, SD) 14+ 2.6 15+05 t-test unpaired with Welch
correction, 2 tails 0.0425(*)

WFNS (mean, SD) 193+ 1.18 1.33£ 0.516 t-test unpaired with Welch
correction, 2 tails 0.0015(**)

| 21 4

Il il 2

n 3 0

\% 6 0

\ | 0

Hunt Hess (mean, SD) 221 1.14 1.83 + 0.41 t-test unpaired with Welch
correction, 2 tails 0.132

| 12 |

Il 18 5

n 5 0

v 5 0

\% 2 0

Treatment

Surgicallendovascular 8/ 34 0/0 Not applicable

Haematoma evacuation 5/42 0/6 0.37

External ventricular drainage 15/41 0/6 0.0726

Tranex before treatment 15/42 0/6 0.0775

Statins before SAH 3/41 0/6 0.494

Statins after SAH 5/42 0/6 0.372

Steroids 23/42 0/6 0.012

Infection 19/42 2/6 0.582

Positive blood culture 5/42 1/6 0.742

Vasospasm 21/42 3/6 >0.99

Ischemia (CT findings) 15/42 0/6 0.0775

Outcome as mRS Mann Whitney test p=0.0022 (**)

0 10/42 6/6

| 9/42 0/6

2 3/42 0/6

3 1/42 0/6

4 11/42 0/6

5 7142 0/6

6 1/42 0/6
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While none of our smSAH patients required any surgical treatment, all aSAH patients had a procedure for aneurysm
occlusion (8 surgical and 34 endovascular), in addition in 5 patients, a hematoma associated with aSAH had to be
surgically evacuated and in 15 patients external ventricular drainage has been positioned for acute hydrocephalus
(Table 1).

The analysis of the administration of specific drugs intended as ever administered or not (tranexamic acid before
aneurysm occlusion rather than steroids during hospitalization or statins before and/or after hospitalization) did never
reach statistical significance between the two groups (Table 1). More in detail, the blood sampling on day 0 was
performed at arrival after the CT scan and before any possible administration of steroids, tranexamic acid, or statins. This
is because smSAH patients were initially treated as SAH patients until they received a diagnosis of smSAH, after
repeated examinations and an intense radiographic/diagnostic work-up.

Concerning complications during the observed timeframe (days 0-21 after SAH), also the incidence of any infection
(eg, pneumonia, or urinary tract infection) or positive blood culture was recorded and did not reach a statistically
significant difference between the two groups.

No significant differences could be found in terms of hematocrit, hemoglobin, erythrocytes, platelets, prothrombin
activity, antithrombin III, fibrinogen, and temperature (Figure 1, Table 2). Of note, C-reactive protein (CRP) was

A Hematocrit D Platlets G Fibrinogen
400 83
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Figure | Erythrocytes, platelets, and inflammatory markers over time after spontaneous SAH. (A) Hematocrit; (B) Hemoglobin (C) Erythrocytes; (D) Platelets; (E)
Prothrombin activity; (F) Antithrombin IlI; (G) Fibrinogen; (H) C-reactive protein; (I) Temperature. Graphs showing mean values of patients, 48 patients at the 6 time points
defined as days after SAH. The vertical bars show mean and standard error. Patients with aneurysm-related SAH (aSAH) n=42, in white circles and patients with sine materia
SAH, also called SAH of unknown origin (Sm SAH) n=6, in black circles. The stars indicate statistical significance at the unpaired two-tailed t-test made at each time point.
Small dotted horizontal lines indicate in the graph the normal range reference values where available and/or useful.
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Table 2 Values at Day 0 Followed Over Time in aSAH Amd Sm Patients, Respectively. Mean
Values and SD are Presented and results of Univariate Analysis (Two-Tailed tTest)

Measures at Day 0 aSAH (42 Pts) smSAH (6 Pts) p value
Haemoglobin (g/L) 132.6 (15.6) 130.6 (4.89) 0.838
Haematocrit (%) 39.6 (4.1) 39.8 (3.8) 0.926
Eritrocytes (x10%/L) 4.47 (0.56) 4.53 (0.76) 0.855
Platelets (x10%/L) 237.26 (54.72) 218.5 (62.96) 0.514
Prothrombin Activity (%) 92.71 (10.57) 86.83 (7.25) 0.121
Antithrombin Il (%) 97.63(13.24) 91.33 (14.08) 0.342
Fibrinogen (g/L) 3.82 (3.2) 3.13 (1.10) 0.346
C Reactive Protein (mg/L) 9.36 (11.05) 10.15 (7.7) 0.861
Temperature °C 36.75 (0.39) 36.63 (0.27) 0.392
Leukocytes (x10°/L) 13.18 (5.61) 1041 (2.77) 0.079
Neutrophils (x10%/L) 10.97 (5.48) 72 (34) 0.045
Neutrophils (%) 83.29 (9.29) 77.03 (13.28) 0.419
Lymphocytes (x10°/L) 1.39 (0.93) 2.03(1.45) 0.448
Lymphocytes (%) 10.99 (7.78) 17.7(9.45) 0.253
Monocytes (x10°/L) 0.62 (0.43) 0.45 (0.40) 0.481
Monocytes (%) 4.37 (2.61) 433 (3.23) 0.979
Eosinophils (x10°/L) 0.02 (0.04) 0.05 (0.1) 0.630
Eosinophils (%) 0.29 (0.45) 0.53(0.85) 0.619
Basophils (x10%/L) 0.036 (0.049) 0.025 (0.05) 0.693
Basophils (%) 0.32 (0.33) 0.43 (0.33) 0.584
Lymphocytes CD4 (x10%/L) 0.41 (0.33) 0.67 (0.70) 0.510
Lymphocytes CD4 (%) 31.55 (12.86) 30.38 (16.98) 0.878
Lymphocytes CD8 0.20 (0.21) 0.32 (0.34) 0.556
Lymphocytes CD8% 13.64 (7.18) 12.78 (7.02) 0.791
Lymphocytes B 0.17 (0.19) 0.20 (0.12) 0.693
Lymphocytes B % 12.38 (7.57) 9.73 (4.68) 0.277
NK Lymphocytes (x10%/L) 0.48 (0.48) 0.77 (0.42) 0.272
NK Lymphocytes % 35.61 (18.04) 41.77 (27.42) 0.616
CDI4++ CDI6- DR+ Monocytes (x10°/L) 0.47 (0.40) 0.38 (0.38) 0.681
CD14++ CDI6- DR+ Monocytes (%) 78.73 (15.16) 73.38 (13.49) 0.407
CDI4+ CDI6+ DR+ Monocytes (x10%L) 0.05 (0.04) 0.04 (0.02) 0.604
CD14+ CDI6+ DR+ Monocytes (%) 13.34 (11.18) 12.02 (10.05) 0.780
Neutrophil-to- Lymphocyte ratio 10.99 (7.21) 5.15 (5.71) 0.130
Platelet-to-Lymphocyte ratio 245.46 (161.95) 158.96 (87.06) 0.303
Lymphocyte-to-Monocyte ratio 3.15 (2.88) 6.05 (3.24) 0.066
Systemic Inflammation Response Index 7.15 (8.26) 1.41 (0.87) 0.048
Systemic Immune-Inflammation Index 2437.55 (1983.30) 1384.92 (770.48) 0.280

significantly higher in the aSAH patient group on days 7-8: 27.10+4.72 mg/L (N=40) versus 9.68+3.85 mg/L (N=5) in
the smSAH group, p=0.0097 (Figure 1).

Of the other analyzed parameters, a trend towards significant differences on Day 0 was found for Leukocytes for
aSAH versus smSAH, 13.18+5.61 x 10%/L (N=40) versus 10.41+2.77 x 10°/L (N=6), p 0.079. Of all measures, only
Leukocytes presented significant differences over several time points (days 3—4, days 7-8, days 13—15, and days 18-21)
as shown by the two-way ANOVA and Bonferroni Post-hoc test (Figure 2A). In the aSAH group at each time point
Leukocytes were above the upper limit, while in the smSAH patient group mean values were within the range of
normality. However, these findings could not be confirmed in the repeated measures analysis (F=0.16, p=0.689).

Neutrophils were higher in the aSAH group on day 0, 10.97+5.48 x 10°/L (N=39) versus 7.20+3.40 x 10°/L (N=6),
p= 0.045, and Neutrophils were significantly higher on almost all time points in aSAH patients (as shown by the -test at
each time point, but not confirmed by the two-way ANOVA and by the repeated measures analysis) (Figure 2).
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Figure 2 Circulating Leukocyte subpopulations over time after spontaneous SAH. (A) Leukocytes; (B) Neutrophils; (C) % of Neutrophils (D) Lymphocytes; (E) % of
Lymphocytes; (F) Eosinophils; (G) % of Eosinophils; (H) Basophils; (I) % of Basophils; (J) Monocytes; (K) % of Monocytes. Graphs showing mean values of patients, 48
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reference values where available and/or useful.

Lymphocytes did not show different levels or trends between the two groups. Nevertheless, we detected higher
levels of Basophils on days 7-8 in the aSAH group (Figure 2), but a higher percentage of Basophils in the smSAH
group on days 3—4 (Figure 2). B Lymphocytes raised more in aSAH patients from time point 3—4 days with
significant differences on days 7-8, 9-10, and 18-21 (Figure 3). Also, the B Lymphocyte % was higher in aSAH
patients on days 7-8 and 18-21 (Figure 3). Again, in the aSAH patient group, NK Lymphocytes were higher on days
9-10 (Figure 3).

Monocytes were higher in the aSAH patient group on days 3—4, 13—-15, and 18-21 (Figure 2). A slightly but
significantly higher percentage of Monocytes was detected on days 18-21 in these patients (Figure 2). Of Monocytes
subgroups, CD14++ CD16- DR+ monocytes were especially high in aSAH on days 3—4, and on days 13—15 and 18—
21 (Figure 3). Nevertheless, smSAH patients showed a greater percentage of CD14++ CD16- DR+ Monocytes on
days 13—15 (Figure 3). CD14+CD16+ DR+ Monocytes were higher again in aSAH patients on 13—15 days (Figure 3).
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Figure 3 Blood lymphocyte subsets and monocyte counts after spontaneous SAH. (A) CD4 positive Lymphocytes; (B) % of CD4 positive Lymphocytes; (C) CD8 positive
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In terms of systemic neuro-inflammatory markers (Figure 4), we found differences for NLR, on days 13—15, whereas
no differences could be found for PLR and LMR. SIRI was significantly different between the two groups on day 0, days
7-8, and days 13—15. At the ROC analysis, NLR, LMR, and SIRI exhibited satisfactory predictive power on day 0.

In the multivariable logistic regression analysis (Table 3), the combined index (NLR, LMR, and SIRI on day 0)
yielded an OR of 0.59 ([95% CI 0.29-1.21], p=0.1472), whereas for WFNS and GCS ORs of 0.10 ([95% CI 0.00-2.98],
p=0.1808) and of 0.43 (]95% CI 0.11-1.75], p=0.2393) were computed, respectively. LMR at day 0 yielded an OR of
1.25 ([95% CI 0.94-1.68], p=0.1274), NLR on day 0 exhibited an OR of 0.68 ([95% CI 0.42—-1.09], p=0.1096), and SIRI
on day 0 displayed an OR of 0.31 ([95% CI 0.06—1.49], p=0.1441).

Finally, no statistically significant correlations were found between WFNS and Fisher (correlation coefficient 0.27,
p=0.0692) and between GCS and Fisher (correlation coefficient —0.25, p=0.0812).

Discussion
In the present investigation, statistically significant differences on Day 0 between smSAH and aSAH patients were found
for neutrophils, and one systemic inflammatory response indicator. The aim of our study was to identify predictors of
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Figure 4 Inflammatory indices over time after spontaneous SAH and ROC curves analysis at day 0. (A) Lymphocytes-to-Monocyte Ratio; (B) Platelet-to-Lymphocyte Ratio;
(€) Neutrophil-to-Lymphocyte Ratio; (D) Systemic Inflammation Response Index; (E) Systemic Immune-Inflammation Index; (F) Neutrophil-to-Lymphocyte Ratio; (G)
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after SAH. The vertical bars show mean and standard error. Patients with aneurysm-related SAH (aSAH) n=42, in white circles and patients with sine materia SAH, also called
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<0.05, ** with p-value <0.01, and *** with p-value <0.001. Small dotted horizontal lines indicate in the graph the normal range reference values where available and/or useful.

smSAH versus aSAH in terms of systemic inflammatory response on day 0, furthermore, we also wanted to explore
differences over several time points in the systemic inflammatory response after SAH and its temporal trend. Besides
assessing the predictive power of potential biomarkers, our study aimed to assess whether there were differences in
inflammatory nature to enrich pathophysiological hypotheses on the different nature of bleeding: eg, arterial versus
venous blood in aSAH versus smSAH, respectively.”” In general, there are a few studies on this issue. Moreover, most of

Table 3 Multivariable Logistic Regression (Best Model Shown)

Variable Coefficient | Std. Error | Odds Ratio | 95% CI p-value
Combined index (NLR, LMR, SIRI) | —0.53 0.37 0.59 0.29 to 1.21 | 0.1472
Age 0.01 0.05 1.01 0.92 to 1.12 | 0.7852
Sex —0.42 1.32 0.66 0.05 to 8.75 | 0.7517
WENS -2.35 1.75 0.10 0.00 to 2.98 | 0.1808
GCs —0.84 0.72 0.43 0.1l to 1.75 | 0.2393
Constant 15.37 12.94 0.2349
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the available studies are principally interested in prognosis and in delayed ischemic injury associated with
neuroinflammation.

Concerning the epidemiology of smSAH, despite the relatively small sample size utilized in the present study, our
figures well reflect those reported in larger studies. For instance, in a case series from Finland consisting of 996 patients
with spontaneous SAH, 86 (8.6%) were of unknown origin.”® In a Danish study on diagnostic follow-up for non-
aneurysmal SAH, out of 639 patients with spontaneous SAH, 74 (11%) were non-aneurysmal.”’ In a German study on
1068 patients with spontaneous SAH diagnosed with CT scan, 179 (16.7%) were sine materia (among them, 47 (26.3%)
were perimesencephalic and 132 (73.7%) were non—perimesencephalic).’® Finally, in the “Barrow Ruptured Aneurysm
Trial” (BRAT) database, out of 472 enrolled patients, 57 patients received a diagnosis of smSAH (11.9%).*' These
percentages are well comparable with the one found in our study, where non-aneurysmal spontaneous SAH occurred in
9.5% of the initial sample (6 out of 63 eligible patients) and in 12.5% of the final sample (6 out of 48 patients).

Concerning the immune response to SAH, in a study,'® no differences in terms of leukocyte count could be found
among three patient groups, namely, those with perimesencephalic and non-perimesencephalic smSAH, those with aSAH
without and those complicated with cerebral vasospasm. The authors found that patients with smSAH had a more benign
illness and a better prognosis compared with aSAH patients and this had been linked to lower levels of the systemic
inflammatory stress response. These findings were replicated in another investigation by the same group.'’

In terms of inflammatory indices, we found that NLR at time point 0 with a cut-off value of 4.1 could distinguish
between aSAH and smSAH. In the existing scholarly literature, NLR is a peripheral biomarker that has been found to be
able to predict a number of unfavorable outcomes in SAH patients, including rebleeding, delayed cerebral ischemia, post-
operative infections, and poor functional outcomes, which impose neurological dysfunctions and a high burden of
morbidity and disability in survivors.>* Optimal cut-off values ranged from 4 to 12.5, depending on the specific type of
SAH, its physiopathology, and the outcome under study. Bolton et al** performed a single-center, retrospective study and
found that, in a sample of 96 aSAH patients, a combination of NLR, PLR and CRP (namely, NLR on day 2, PLR on days
1 and 2, and CRP on days 3, 4 and 5) could be predictive of the insurgence of delayed cerebral ischemia. Similarly, Wu
et al** found that NLR>11.47 predicted the occurrence of delayed cerebral ischemia in SAH patients. In another
retrospective study, Dowlati et al*> found that, in a sample of 418 aSAH patients, NLR >8.0 (OR 3.19 [95% CI 1.40—
7.62]) was independently associated with refractory cerebral vasospasm. Chang et al*® found that an NLR value >6.48
was predictive of poor functional outcome (OR 1.71 [95% CI 1.07-2.74]), and Giede-Jeppe et al*’ computed an NLR
threshold of 7.05 to be associated with unfavorable functional outcomes. Jamali et al*® found that NLR > 12.5 at
admission correlated with mortality in aSAH patients. Of note, Zhang et al*® found that NLR could distinguish between
SAH and non-traumatic acute headache, with a threshold value of 4, a sensitivity and a specificity of 98.6% and 64.8%,
respectively, which are in line with our values.

We found that PLR at time point 3 could differentiate between aSAH and smSAH. The optimal cut-off was 152.5,
while Zhang et al*° computed a threshold of 175 to separate patients with SAH from those with a non-traumatic acute
headache with a specificity of 92.96%, and a sensitivity of 44.44%. We could not find other similar, comparable
studies.

We computed an LMR cut-off value of 4 at time point 0 to distinguish between SAH and smSAH. In perfect line with
our findings, Yi et al* computed an LMR value of 4.2 (OR 1.74 [95% CI 1.48-2.98]) as predictor of outcomes in SAH
patients.

We also found that a SIRI >2 at time point 2 could discriminate between aSAH and smSAH. Yun et al*' computed
a SIRI value of 3.2 as predictive of unfavorable outcomes in aSAH patients (OR 1.82 [95% CI 1.46-3.24]). However,
differently from this study, we could not find SII to have predictive power. Li et al** found a cut-off value for SII of 3.63
correlated with cerebral vasospasm in SAH patients.

These findings, taken altogether, underline that, in general, smSAH has a prognosis that matches the best aSAH cases
and that can be predicted by systemic inflammatory response biomarkers.
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Strengths and Limitations of the Study

This study has several strengths, including its novelty. To the best of our knowledge, it is, indeed, one of the very few
investigations to systematically explore the systemic immune response in smSAH, for which, in general, a relatively
limited amount of (epidemiological, clinical, and physiopathological) information is available.

However, the present investigation is not without any limitations, that should be properly acknowledged. Given the
heterogeneity underlying the “complex phenotype” of smSAH, this study should be considered as a pilot study and all
findings are just preliminary and exploratory, warranting further research and external validation of our predictive model.
As such, the meaning of “predictive” inflammatory response biomarkers should be verified on larger scales, stratifying
according to perimesencephalic and non-perimesencephalic SAH and, eventually, to other clinical, neurological, and
radiographic/diagnostic features, in order to see if and how systemic immune response differs among these sub-groups.
Moreover, future studies should conduct chemokine and cytokine analysis, which might help understand the specific
processes underlying the response to SAH in aSAH and smSAH patients.

Conclusions

To summarize, neuroinflammatory biomarkers, including new ones such as NLR, LMR, and SIRI, can convey
precious information about innate and adaptive immunity and can suggest new targets for effective neuroprotective
treatments.* In particular, the components of innate immunity seem to play a major role in the pathogenesis of SAH,
with various phenotypes being associated with clinical prognosis and outcomes.”>** SAH induces an early intracer-
ebral infiltration and peripheral activation of innate immunity,** as corroborated by clinical observations and animal
studies. Future studies could further explore the role of innate immune cells in SAH and discover potentially
druggable pathways, opening the way for new pharmacological compounds and molecules.*® Probably, differences
in innate systemic inflammatory response account for differences in neurological status both in the early phase as well
as for different outcomes and possibly different levels of secondary brain injury. Transposed to our comparison

between SAH of unknown origin and aSAH, this could account for the differences in severity and outcome.
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