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A B S T R A C T

Background and Purpose: Although aneurysm treatment capacity has expanded worldwide, outcomes after 
aneurysmal subarachnoid hemorrhage (aSAH) remain strongly influenced by neurocritical care (NCC) delivery, 
referral pathways, and access to specialized treatment. Contemporary data describing real-world aSAH care in 
resource-limited healthcare systems remain scarce. We aimed to characterize treatment patterns, NCC delivery, 
complications, and outcomes in a large Brazilian public referral center.
Methods: This retrospective cohort study included consecutive adults with confirmed aSAH admitted between 
June 2018 and March 2022 to a high-volume Brazilian tertiary referral center. Only patients admitted within five 
days of symptom onset were included. Demographic, clinical, radiological, treatment, complication, and 
outcome data were extracted from institutional records. Primary outcomes were in-hospital mortality and 3- 
month functional outcome assessed by the modified Rankin Scale (mRS).
Results: Seventy-four patients were included. Disease severity was high, with 45% presenting WFNS grades 4–5, 
73% modified Fisher grade 4 hemorrhage, and 64% hydrocephalus. Endovascular treatment was performed in 
73% of cases, and median time from admission to aneurysm treatment was 1 day. Despite early treatment 
capability, only 28% of patients were admitted to an ICU within 48 h, while 38% never received ICU care. 
Delayed cerebral ischemia occurred in 43%, radiologic vasospasm in 58%, ventriculitis in 22%, and infectious 
complications in 57%. External ventricular drainage was required in 42%, and vasoactive drugs were used in 
85%. In-hospital mortality was 42%, and 66% had unfavorable 3-month outcomes (mRS 4–6).
Conclusions: This real-world cohort highlights the substantial neurocritical care burden of aSAH in a middle- 
income public healthcare system. Despite timely access to definitive aneurysm treatment, patients experienced 
frequent neurological and systemic complications, emphasizing that contemporary aSAH care extends well 
beyond aneurysm occlusion.

1. Introduction

Aneurysmal subarachnoid hemorrhage (aSAH) remains one of the 
deadliest neurologic emergencies worldwide despite substantial ad
vances in aneurysm occlusion techniques and neurocritical care (NCC) 

medicine [1–8]. While major efforts over recent decades have focused 
on improving aneurysm treatment, less attention has been directed to
ward how NCC itself is delivered after rupture, particularly in middle- 
income healthcare systems [9,10].

Contemporary aSAH management extends far beyond aneurysm 
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exclusion. Survival and long-term recovery frequently depend on pro
longed NCC, including management of intracranial hypertension, hy
drocephalus, delayed cerebral ischemia (DCI), systemic complications, 
and high-intensity neurologic monitoring [11–14]. Although timely 
access to specialized aneurysm treatment remains a major challenge in 
many healthcare systems, outcomes after rupture may also be strongly 
influenced by how NCC is delivered throughout the acute phase of care 
[15–18]. In this context, limitations in referral pathways, intensive care 
availability, and multidisciplinary NCC infrastructure may substantially 
affect real-world aSAH outcomes, particularly in middle-income settings 
[9].

This question may be particularly relevant in middle-income coun
tries, where highly specialized neurovascular expertise often coexists 
with heterogeneous access to intensive care resources, organization, and 
advanced monitoring. In these settings, tertiary referral centers may 
concentrate disproportionately severe cases while simultaneously 
operating under constrained critical care infrastructure [19,20]. How
ever, contemporary data describing how aSAH care is delivered in these 
environments remain scarce.

Brazil provides a unique setting to explore these challenges. The 
country has one of the largest universal public healthcare systems 
worldwide, with progressive expansion of endovascular capability and 
specialized stroke care over recent decades [9]. Nevertheless, marked 
disparities persist in access to intensive care beds and specialized 
multidisciplinary infrastructure. Most available Brazilian aSAH studies 
have focused on clinical outcomes or prognostic factors, while detailed 
characterization of real-world NCC delivery remains limited.

In this study, we aimed to characterize aSAH care in a high-volume 
Brazilian public tertiary referral center, focusing on treatment patterns, 
NCC delivery, complication burden, and clinical outcomes in a 
contemporary real-world cohort.

2. Methods

2.1. Study design and setting

This retrospective observational cohort study included consecutive 
adult patients with aSAH admitted between June 2018 and March 2022 
to Hospital das Clínicas da Faculdade de Medicina de Ribeirão Preto da 
Universidade de São Paulo (HCFMRP-USP), a high-volume public ter
tiary referral center in southeastern Brazil.

Ribeirão Preto is a city with approximately 750,000 inhabitants [21]
located nearly 300 km from São Paulo city, the country’s largest 
metropolitan area. HCFMRP-USP is part of the Brazilian Unified Health 
System (Sistema Único de Saúde [SUS]), a publicly funded universal 
healthcare system that provides exclusive healthcare coverage for a 
substantial proportion of the Brazilian population [22]. The institution 
functions as a regional referral center for neurovascular emergencies, 
serving an estimated catchment population of nearly 3 million in
dividuals dependent on public healthcare services [21].

The study period was defined based on two institutional milestones: 
the digitization of the Registro de Acidente Vascular Encefálico de 
Ribeirão Preto (REAVER) platform in 2018 and the implementation of 
standardized institutional care protocols for aSAH in 2022. Since 2014, 
the REAVER registry has prospectively recorded demographic, clinical, 
radiological, and functional outcome data from patients admitted with 
cerebrovascular diseases, independently of the attending specialty 
teams.

The center provides both microsurgical and endovascular aneurysm 
treatment, including 24-hour emergency neurointerventional capa
bility. During the study period, patients with aSAH were managed 
through a multidisciplinary model involving neurology, neurosurgery, 
neurointerventional radiology, intensive care, and rehabilitation teams. 
Although the hospital did not operate a dedicated NCC unit, many pa
tients requiring NCC were managed in the stroke unit or ED, where 
continuous cardiac monitoring, invasive arterial pressure monitoring, 

and MV were available. Within these units, nurse staffing averaged 
approximately one registered nurse per 10 patients and one nursing 
technician per three patients. Patients requiring additional organ sup
port or advanced monitoring were admitted to two general ICUs ac
cording to clinical needs and bed availability.

Clinical, radiological, NCC, treatment, and outcome variables were 
retrospectively extracted from institutional electronic medical records 
and stored in a secure research database with restricted investigator 
access.

The study period partially overlapped with the COVID-19 pandemic 
[23]. However, the institution maintained its role as a regional emer
gency and neurovascular referral center throughout the study period 
and was not primarily converted into a dedicated COVID-19 admission 
unit. Therefore, the observed patterns of ICU utilization and NCC de
livery likely reflect broader structural and organizational characteristics 
of the local healthcare system rather than exclusively pandemic-related 
resource reallocation. This potential pandemic effect was considered 
during data interpretation and contextual analysis of the study findings.

The study was approved by the local institutional ethics committee 
(CAAE: 63926022.9.0000.5440). Due to the retrospective nature of the 
study and prior institutional consent procedures associated with the 
REAVER registry, the requirement for additional informed consent was 
waived. All procedures were conducted in accordance with the Decla
ration of Helsinki and Brazilian national data protection regulations (Lei 
Geral de Proteção de Dados Pessoais [LGPD]).

2.2. Patient selection and data collection

Adult patients (≥18 years) with confirmed admission during the 
study period were consecutively screened through the REAVER registry 
and institutional electronic medical records.

aSAH was confirmed by cranial computed tomography or lumbar 
puncture, and aneurysmal etiology was established through computed 
tomography angiography or digital subtraction angiography. Patients 
were included only if they were admitted within five days of symptom 
onset and remained hospitalized at HCFMRP-USP during the acute 
phase of treatment, allowing adequate assessment of NCC delivery and 
in-hospital complications. Patients transferred exclusively for aneurysm 
occlusion procedures or lacking sufficient clinical documentation were 
excluded.

Demographic variables, vascular risk factors, pre-admission func
tional status, clinical presentation, radiological findings, aneurysm 
characteristics, treatment modality and timing, NCC interventions, 
neurological and systemic complications, and in-hospital outcomes were 
retrospectively extracted from institutional records.

Radiological evaluation included modified Fisher classification [24], 
presence of intraventricular hemorrhage, hydrocephalus, intracerebral 
hemorrhage, and radiological signs suggesting intracranial hypertension 
on admission imaging (defined by cerebral herniation, midline shift > 5 
mm, or moderate-to-severe hydrocephalus, as evidenced by dilation of 
the temporal horns, basal cistern effacement, or transependymal edema, 
with imaging findings independently assessed by two examiners and 
disagreements resolved by consensus). Clinical severity was assessed 
using the World Federation of Neurosurgical Societies (WFNS) grading 
scale [25].

NCC variables included intensive care unit admission, external 
ventricular drain placement, intracranial pressure monitoring, trans
cranial Doppler surveillance [26], diagnosis of DCI [27] and associated 
rescue therapies, vasospasm-directed interventions, hypertensive ther
apy, mechanical ventilation, tracheostomy, and major systemic com
plications during hospitalization.

Radiological vasospasm was assessed using transcranial Doppler ul
trasonography, computed tomography angiography, or digital subtrac
tion angiography according to institutional availability and clinical 
indication. Diagnostic criteria were based on the recommendations of 
Alexandrov et al [26]. for transcranial Doppler ultrasonography and 
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Khawaja et al [28]. for angiographic imaging. Because a substantial 
proportion of patients presented with poor-grade aSAH, impaired con
sciousness, or required mechanical ventilation and sedation during the 
acute phase, the diagnosis of symptomatic vasospasm was considered 
unreliable in many cases. Therefore, vasospasm and delayed cerebral 
ischemia (DCI) were analyzed as distinct entities. DCI was defined ac
cording to the consensus criteria proposed by Vergouwen et al. [27] and 
also included cases in which the treating multidisciplinary team initi
ated rescue therapies after exclusion of alternative causes, primarily in 
the presence of severe or critical angiographic vasospasm involving a 
defined cerebral vascular territory. Although recent studies have pro
posed multimodal approaches incorporating brain tissue oxygen (PbO2) 
monitoring, cerebral microdialysis, perfusion imaging, and other 
advanced neuromonitoring techniques to improve DCI detection, these 
modalities were not routinely available at our institution [29,30]. 
Therefore, in poor-grade patients or those with unreliable neurological 
examinations, rescue therapies were primarily guided by the presence of 
severe or critical angiographic vasospasm in conjunction with the 
overall clinical assessment.

Functional outcome at 3 months was assessed using the modified 
Rankin Scale [31] (mRS) through structured telephone interviews con
ducted by trained REAVER investigators.

Patient selection is summarized in Fig. 1.

2.3. Outcomes

The primary outcomes were in-hospital mortality and functional 
outcome 3 months after discharge. Poor functional outcome was defined 
as a mRS score of 4 to 6.

Secondary outcomes included frequency of neurological and sys
temic complications, NCC interventions, timing of aneurysm treatment, 
and patterns of intensive care utilization.

2.4. Statistical analysis

Descriptive statistics were used to characterize demographic, clin
ical, radiological, treatment, NCC, and outcome variables. Continuous 
variables were reported as mean ± standard deviation or median and 
interquartile range according to distribution characteristics, while cat
egorical variables were expressed as absolute numbers and percentages.

Exploratory analyses evaluating associations between selected clin
ical, radiological, treatment, and neurocritical care variables and clin
ical outcomes were performed primarily using univariable analyses. 
Given the relatively limited sample size and substantial overlap among 
severity-related variables, multivariable modeling was interpreted 
cautiously and considered exploratory.

Statistical analyses were performed using IBM SPSS Statistics for 
Windows version 21.0 (IBM Corp.) and Python libraries (Scikit-learn 
and NumPy). Statistical significance was defined as p < 0.05.

3. Results

3.1. Cohort characteristics and severity profile

A total of 5,185 patients with cerebrovascular diseases were identi
fied in the REAVER registry between 2014 and March 2022. During the 
study period, 140 patients were initially screened with a diagnosis of 
subarachnoid hemorrhage. After exclusion of non-aneurysmal etiol
ogies, late admissions, transfers exclusively for aneurysm treatment, and 
incomplete clinical documentation, 74 patients with confirmed aSAH
were included in the final cohort (Fig. 2.).

The mean age was 56.6 ± 14.5 years, and most patients were women 
(72%). Smoking and hypertension were the most frequent vascular risk 
factors, present in 61% and 47% of patients, respectively. Most in
dividuals were functionally independent before admission, with 93% 

Legend: REAVER (Registro de Acidente Vascular Encefálico de Ribeirão Preto) is a prospective institutional registry of patients with cerebrovascular diseases
maintained by the academic hospitals of Ribeirão Preto, Brazil. Patients with subarachnoid hemorrhage (SAH) admitted between June 2018 and early March 2022 were
screened. After confirmation of aneurysmal etiology and application of the predefined eligibility criteria, 74 patients were included in the final analysis. aSAH = aneurysmal
subarachnoid hemorrhage; SAH = subarachnoid hemorrhage

Fig. 1. Flow diagram of patient selection for the aneurysmal subarachnoid hemorrhage (aSAH) cohort from the REAVER registry. Legend: REAVER (Registro de 
Acidente Vascular Encefálico de Ribeirão Preto) is a prospective institutional registry of patients with cerebrovascular diseases maintained by the academic hospitals 
of Ribeirão Preto, Brazil. Patients with subarachnoid hemorrhage (SAH) admitted between June 2018 and early March 2022 were screened. After confirmation of 
aneurysmal etiology and application of the predefined eligibility criteria, 74 patients were included in the final analysis. aSAH = aneurysmal subarachnoid hem
orrhage; SAH = subarachnoid hemorrhage.

T.B. Machado Marazzi et al.                                                                                                                                                                                                                 Journal of Clinical Neuroscience 153 (2026) 112225 

3 



presenting a pre-admission mRS score of 0.
The cohort was characterized by a markedly severe clinical and 

radiological presentation. Nearly half of patients (45%) were classified 
as poor-grade aSAH (WFNS 4–5) at admission, while 73% were classified 
as modified Fisher grade 4. Hydrocephalus was present in 64% of cases, 

intraventricular hemorrhage in 42%, and radiological signs suggestive 
of intracranial hypertension in 58%.

Only one patient experienced in-hospital symptom onset. All 
remaining patients were initially evaluated either at the institution’s 
emergency department or at secondary hospitals within the regional 

Fig. 2. Real-world care pathway, neurocritical care delivery, complication burden, and clinical outcomes in patients with aneurysmal subarachnoid hemor
rhage (aSAH).
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referral network before transfer for specialized neurovascular care.
Baseline demographic, clinical, radiological, and aneurysm-related 

characteristics are summarized in Table 1.

3.2. Aneurysm characteristics and treatment patterns

Most ruptured aneurysms involved the anterior circulation, although 
posterior circulation aneurysms represented 16% of the cohort. Multiple 
aneurysms were identified in 40% of patients.

Endovascular embolization was the predominant treatment modal
ity, performed in 73% of cases, whereas microsurgical clipping was 
performed in 19%. Six patients did not undergo aneurysm treatment 
because they presented with catastrophic neurological injury considered 
incompatible with meaningful recovery.

The median interval between hospital admission and aneurysm 
treatment was 1 day, with nearly 80% of treated patients undergoing 
aneurysm occlusion within the first 72 h after admission.

Detailed aneurysm characteristics, treatment patterns, and NCC in
terventions are summarized in Tables 1 and 2.

3.3. Care pathway time Metrics

To characterize the referral pathway and early hospital care, the 
median time from symptom onset to admission at the tertiary referral 
center was 9.1 h (IQR, 2.8–19.9). After arrival, the median time to 
admission CT was 0.5 h (IQR, 0.2–1.6), and the median time from 
admission to definitive aneurysm treatment was 22.3 h (IQR, 
10.6–40.9). Patients with poor-grade aSAH (WFNS IV–V) reached the 
referral center earlier than those with good-grade aSAH (median 3.6 vs. 
13.4 h), underwent admission CT sooner (median 0.3 vs. 0.6 h), and 
received definitive aneurysm treatment earlier after admission (median 
18.2 vs. 25.2 h), consistent with prioritization of the most critically ill 
patients within the regional referral network.

3.4. Neurocritical care delivery

All patients were initially stabilized in the emergency department 
before transferring to monitored stroke unit beds, general wards, or 
intensive care units according to institutional availability and clinical 
prioritization. During the study period, the institution operated two 
general intensive care units and one coronary care unit, without dedi
cated NCC beds. Consequently, NCC was delivered across multiple 
hospital settings, including the emergency department, monitored 
stroke unit beds, and specialized neurological wards.

Only 21 patients (28%) were admitted to an intensive care unit 
within the first 48 h after hospital admission. Among patients admitted 
to ICU, the interval between hospital admission and ICU transfer ranged 
from 0 to 13 days, with a median delay of 3 days. Among patients with 
poor-grade aSAH (WFNS 4–5), only 30% were admitted to ICU during 
this period. Overall, 38% of the cohort were never admitted to an ICU at 
any point during hospitalization. Early ICU admission was not signifi
cantly associated with in-hospital mortality (47.6% vs. 38.5%; OR, 1.45; 
p = 0.600) or poor functional outcome at 3 months, defined as mRS 4–6 
(81.0% vs. 59.6%; OR, 2.88; p = 0.106). These unadjusted comparisons 
should be interpreted cautiously because ICU admission was determined 

Table 1 
Demographic, Clinical, Radiological, Treatment, and Functional Outcome 
Characteristics of Patients With Aneurysmal Subarachnoid Hemorrhage (n =
74).

Variable Value

Demographic characteristics ​
Age (years) Mean: 56.6; SD: 14.3; Range: 

21–87
Female sex 54 (73%)
Baseline modified Rankin Scale mRS 0: 69 (93%)
​ mRS 1–3: 5 (7%)
Clinical severity and early neurological 

injury
​

Focal neurological deficits 25 (34%)
Acute hydrocephalus 47 (64%)
Pupillary abnormalities 12 (16%)
Pre-admission rebleeding 9 (12%)
Early cerebral ischemia 4 (5%)
Signs of intracranial hypertension on admission 

CT
43 (58%)

WFNS score on admission I: 15 (20%)
​ II: 19 (26%)
​ III: 7 (9%)
​ IV: 11 (15%)
​ V: 22 (30%)
Hunt–Hess scale on admission I: 8 (11%)
​ II: 17 (23%)
​ III: 18 (24%)
​ IV: 9 (12%)
​ V: 22 (30%)
Use of antiplatelet agents 10 (14%)
Radiological findings ​
Modified Fisher scale 0: 1 (1%)
​ 1: 3 (4%)
​ 2: 4 (5%)
​ 3: 12 (16%)
​ 4: 54 (73%)
Maximum subarachnoid clot thickness (mm) Mean: 8.0; SD: 7.1; Range: 0–32
Intraventricular hemorrhage 31 (42%)
Aneurysm management ​
Microsurgical clipping 14 (19%)
Endovascular coiling 54 (73%)
No aneurysm treatment 6 (8%)
Three-month functional outcome (mRS) ​
mRS 0–2 (independent) 22 (30%)
mRS 3 3 (4%)
mRS 4–5 18 (24%)
mRS 6 (death) 31 (42%)

Data are presented as n (%) unless otherwise indicated. SD = standard deviation; 
mRS = modified Rankin Scale; WFNS = World Federation of Neurosurgical 
Societies; CT = computed tomography; SAH = subarachnoid hemorrhage; ICU 
= intensive care unit.

Table 2 
Neurocritical care management, neurological complications, and systemic 
complications among patients with aneurysmal subarachnoid hemorrhage.

Variable Total N 
= 74

Survivors N 
= 43

Non-survivors 
N = 31

Early neurological injury and 
acute complications

​ ​ ​

Hydrocephalus 47 (63) 21 (49) 26 (84)
Rebleeding 9 (12) 2 (5) 7 (23)
Early cerebral ischemia 4 (5) 1 (2) 3 (10)
Seizures 48 (65) 26 (60) 22 (71)
Signs of intracranial hypertension 

on admission CT
43 (58) 16 (37) 27 (87)

Delayed neurological 
complications

​ ​ ​

Delayed cerebral ischemia (DCI) 32 (43) 20 (47) 12 (39)
Radiological vasospasm (TCD/ 

CTA/DSA)
42 (58) 28 (65) 14 (45)

Neurocritical care interventions ​ ​ ​
External ventricular drainage 31 (42) 13 (30) 18 (58)
Decompressive craniectomy 7 (9) 3 (7) 4 (13)
Induced hypertension therapy 36 (49) 22 (51) 14 (45)
Milrinone use 31 (42) 20 (47) 11 (35)
Vasopressor use 63 (85) 32 (74) 31 (100)
Tracheostomy 15 (20) 12 (28) 3 (10)
ICU admission within 48 h 21 (28) 11 (26) 10 (32)
Systemic complications ​ ​ ​
Sodium disturbances 49 (66) 31 (72) 18 (58)
Pneumonia 25 (34) 13 (30) 12 (39)
Ventriculitis 16 (22) 9 (21) 7 (23)
Cardiomyopathy associated with 

aSAH
10 (13) 4 (9) 6 (19)

DCI = delayed cerebral ischemia; ICU = intensive care unit; aSAH = aneurysmal 
subarachnoid hemorrhage.
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by clinical severity and bed availability, resulting in substantial con
founding by indication.

All patients received nimodipine prophylaxis for DCI. Daily trans
cranial Doppler surveillance was performed in 77% of patients. Radio
logical vasoespasm (VSP) [26,28] was documented in 58% of patients 
(by TCD, CTA, or DSA).

DCI [27] was diagnosed in 43% of patients, typically between days 3 
and 14 after symptom onset. Induced hypertension protocols were 
implemented in 46% of the cohort. Intravenous milrinone was admin
istered in 42% of patients, while 30% underwent intra-arterial milrinone 
infusion during rescue angiography procedures [32,33]. Rescue angi
ography for refractory VSP evaluation was required in 31% of patients.

Hydrocephalus occurred in 64% of patients, and 31 patients (42%) 
required external ventricular drainage. Seven patients (9%) subse
quently required ventriculoperitoneal shunt placement. Although 58% 
of patients presented radiological signs suggesting intracranial hyper
tension at admission, invasive intracranial pressure monitoring was 
performed in only 7 patients (9%).

Vasoactive drugs were administered in 85% of patients during hos
pitalization and were frequently used outside traditional ICU environ
ments, including the emergency department and monitored stroke unit 
settings. Tracheostomy was required in 20% of the cohort, and decom
pressive craniectomy was performed in 9%.

A comprehensive summary of neurocritical care interventions, 
monitoring practices, and treatment-related variables is presented in 
Table 2.

3.5. Neurological complications

Neurological complications were highly prevalent throughout hos
pitalization. Rebleeding occurred in 12% of patients and was signifi
cantly associated with in-hospital mortality. Notably, two patients 
experienced hemorrhagic expansion despite early aneurysm treatment, 
including one patient requiring repeat surgical intervention.

DCI was diagnosed in 43% of the cohort, whereas radiological 
vasospasm (VSP), diagnosed by TCD, CTA, or DSA according to clinical 
indication, was documented in 58% of patients. Serial TCD monitoring 
was performed in 57 patients (77%), with VSP identified in 36, whereas 
additional cases were diagnosed by CTA or DSA. Middle cerebral artery 
VSP was the most frequent pattern identified. Rescue angiography for 
refractory VSP evaluation was required in nearly one-third of patients, 
including repeated rescue procedures in selected cases.

Clinical seizures occurred in 65% of patients during hospitalization, 
with 45% presenting seizures at admission. Antiseizure medications 
were administered in 80% of the cohort, predominantly within the first 
24 h after symptom onset. Eleven patients received antiseizure medi
cation despite the absence of documented seizures during hospitaliza
tion, consistent with primary seizure prophylaxis. Documented 
indications included intraparenchymal hematoma, cortical surgical 
manipulation, and infarction involving eloquent cortex. Status epi
lepticus was diagnosed in one patient.

Hydrocephalus was diagnosed with 64% of patients during hospi
talization. External ventricular drainage was required in 42% of cases, 
and approximately one-quarter of drained patients subsequently 
required ventriculoperitoneal shunt placement.

Radiological signs suggestive of intracranial hypertension were 
identified in 58% of admission computed tomography scans. Seven pa
tients underwent decompressive craniectomy because of refractory 
intracranial hypertension.

Ventriculitis occurred in 22% of the cohort and affected more than 
half of patients requiring ventricular diversion procedures.

3.6. Systemic complications

Systemic complications were also frequent during hospitalization. 
Infectious complications occurred in approximately 57% of patients, 

and more than one infectious focus was identified in 27% of the cohort. 
Pulmonary infections, including hospital-acquired pneumonia and 
ventilator-associated pneumonia, were the most frequent infectious 
events, affecting 34% of patients. Bloodstream infections occurred in 
18%, urinary tract infections in 14%, and ventriculitis in 22% of the 
cohort.

Sodium disturbances were highly prevalent. Hypernatremia devel
oped in 46% of patients, whereas hyponatremia occurred in 54%. Ce
rebral salt wasting syndrome was diagnosed in 24% of the cohort, and 
all affected patients received fludrocortisone therapy. Diabetes insipidus 
was diagnosed in 7% of patients.

Cardiovascular complications were documented in 14% of the 
cohort, including electrocardiographic abnormalities, elevated troponin 
levels, arrhythmias, and echocardiographic dysfunction. Troponin 
elevation was identified in 60% of tested patients. One patient devel
oped refractory cardiogenic shock associated with severe ventricular 
dysfunction.

Vasoactive drugs were administered in 85% of patients during hos
pitalization. Thromboembolic complications included deep venous 
thrombosis in 5% and pulmonary embolism in 3% of patients. One pa
tient died from complications associated with COVID-19 infection.

3.7. Clinical outcomes

Hospital length of stay ranged from 0 to 193 days, with a median 
duration of 15.5 days (mean 23.7 ± 28.3 days). Among the 46 patients 
admitted to the intensive care unit, ICU length of stay ranged from 1 to 
68 days, with a median duration of 14.5 days.

In-hospital mortality was 42% (31 patients). Death occurred early 
during hospitalization, with a median interval of 6 days between 
admission and death, and approximately one-quarter of deaths occur
ring within the first 48 h after hospital admission. Most nonsurvivors 
presented with severe neurological injury at admission, with nearly 
three-quarters of deaths occurring among patients classified as WFNS 
4–5.

Older age altered the level of consciousness at admission, hydro
cephalus, rebleeding, radiological signs suggesting intracranial hyper
tension, external ventricular drainage requirement, and vasoactive drug 
use were associated with in-hospital mortality in univariate analyses.

At hospital discharge, only 28% of patients achieved a favorable 
functional outcome (mRS 0–3), whereas 23% remained severely 
dependent (mRS 4–5). Functional recovery remained limited at 3-month 
follow-up, with favorable functional outcome observed in 34% of the 
cohort (Fig. 3). Exploratory multivariable analyses suggested associa
tions between older age, radiological signs suggestive of intracranial 
hypertension, and worse clinical outcomes; however, these findings 
should be interpreted cautiously given the relatively limited sample size 
and overlap among severity-related variables.

Similarly, unfavorable functional outcome at 3 months was associ
ated with admission severity markers, hydrocephalus, rebleeding, 
pneumonia, and septic shock in univariate analyses. After multivariable 
adjustment, older age and radiological signs suggestive of intracranial 
hypertension remained independently associated with poor functional 
recovery. Neither aneurysm treatment modality nor treatment timing 
demonstrated independent association with mortality or functional 
outcomes. These findings should be interpreted cautiously, as treatment 
selection was individualized according to aneurysm characteristics, 
anatomical considerations, and clinical presentation.

Among patients who died during hospitalization, 39% fulfilled 
institutional criteria for brain death determination.

Exploratory univariable analyses evaluating variables associated 
with mortality and unfavorable functional outcomes are presented in 
Supplementary Table S1.
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4. Discussion

Contemporary international guidelines and an expanding body of 
observational evidence recognize that comprehensive aSAH care ex
tends beyond aneurysm occlusion and includes the organization and 
delivery of specialized neurocritical care after rupture [13,14,34,35]. 
Although a substantial proportion of the global burden of aSAH occurs in 
low- and middle-income countries [1,36], relatively few studies from 
these settings have characterized the neurocritical care demands of 
patients with aSAH or described how specialized care is organized and 
delivered in routine clinical practice [19,36]. The present study, based 
on a retrospective observational cohort, contributes to this perspective 
by providing a real-world description of how this continuum of care is 
delivered within a public tertiary referral center in Brazil.

Previous Brazilian administrative [9,23] and hospital-based studies 
[10,36–46] suggested that access to specialized aSAH care remained 
challenging. National SUS administrative data documented approxi
mately 10,000 hospital admissions for aSAH annually during the study 
period, with only 18.8% of patients undergoing definitive aneurysm 
treatment [9]. Moreover, comparisons with Global Burden of Disease 
(GBD) [47] incidence estimates suggest that the number of hospitalized 
patients was substantially lower than expected, indicating important 
losses throughout the diagnostic and referral pathway. Additionally, the 
few available Brazilian hospital-based cohorts were conducted in large 
tertiary referral centers, predominantly located in the country's most 
economically developed states. Despite being generated in these 
resource-advantaged regions, these studies consistently reported cohorts 
composed of patients with severe neurological injury and persistently 
high in-hospital mortality, suggesting that referral and admission biases 

toward patients with advanced clinical severity remain a characteristic 
of hospital-based aSAH series in Brazil.

Our cohort reflects the experience of the only comprehensive neu
rovascular referral center serving approximately three million in
habitants in northeastern São Paulo state. As such, the study population 
represents patients who successfully reached specialized care after a 
complex process of diagnosis, stabilization, and interhospital transfer. 
One possible explanation for this clinical profile is referral and survivor 
selection occurring across multiple stages of the care continuum, 
including underrecognition or delayed diagnosis of aSAH, early pre
hospital mortality, delays in interhospital referral, and limited access to 
specialized neurovascular treatment, all of which have previously been 
suggested as potential contributors to disparities in aSAH care in Brazil 
[9]. This interpretation is consistent with the substantially higher pro
portion of poor-grade aSAH observed in the present cohort compared 
with previous Brazilian hospital-based series, making this the most 
clinically severe cohort reported in the national literature.

Despite the high clinical complexity of the present cohort, definitive 
aneurysm treatment was achieved in 94% of patients, with a median 
admission-to-treatment interval of one day and more than 80% of pa
tients undergoing aneurysm occlusion within 48 h of tertiary admission. 
Endovascular treatment accounted for 73% of all procedures, repre
senting the first Brazilian hospital-based cohort to report endovascular 
therapy as the predominant treatment modality. These findings contrast 
with previous national administrative data [9], indicating that, among 
patients who reached a specialized neurovascular referral center, timely 
and effective aneurysm treatment was consistently delivered.

Following aneurysm occlusion, our cohort demonstrated a substan
tial burden of neurological and systemic complications, including 

Fig. 3. Functional clinical outcomes of patients with aneurysmal subarachnoid hemorrhage 3 months after hospital discharge according to the modified Rankin 
Scale (mRS).
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hydrocephalus, DCI, intracranial hypertension, ventriculitis, prolonged 
vasoactive drug use, and infectious complications, all of which required 
sustained multidisciplinary management throughout the acute phase. 
The overall frequency and coexistence of these complications indicate a 
neurocritical care burden higher than that generally reported in 
contemporary international aSAH cohorts [48–56].

Dedicated neurocritical care units (NCCUs) have been associated 
with greater adherence to evidence-based practices, earlier recognition 
and treatment of secondary neurological complications, more coordi
nated multidisciplinary care, shorter ICU and hospital length of stay, 
lower healthcare costs, and, in observational studies, improved clinical 
outcomes [13,15–18,57–62]. However, establishing dedicated NCCUs 
remains challenging in many low- and middle-income countries because 
of financial, infrastructural, and workforce constraints [19,63–65]. In 
Brazil, this structural gap has previously been highlighted in nationwide 
studies of neurocritical care, which demonstrated substantial heteroge
neity in the availability of specialized infrastructure, trained personnel, 
and organized neurocritical care services across institutions [66,67]. 
Consequently, many tertiary referral centers rely on alternative orga
nizational models in which specialized neurocritical care is delivered 
across stroke units, emergency departments, and general ICUs rather 
than within a dedicated unit. In our institution, despite the absence of a 
dedicated NCCU and limited ICU availability, patients had access to 
multiple components of contemporary neurocritical care, including 
advanced neuromonitoring, rescue endovascular therapies, cerebrospi
nal fluid diversion, decompressive surgery, and protocolized manage
ment of secondary neurological complications.

Importantly, the present findings should not be interpreted as evi
dence that the organizational model adopted at our institution directly 
influenced patient outcomes. Consistent with this interpretation, the 
univariate analyses did not demonstrate a statistically significant asso
ciation between ICU-related variables and in-hospital mortality. Inter
pretation of these findings is inherently complex, as the ability to detect 
meaningful associations depends on the underlying effect size, sample 
size, and adequate control of bias and confounding, factors that cannot 
be fully addressed within the design of the present observational study.

Nevertheless, whether these alternative organizational models are 
inferior, equivalent, or comparable to dedicated NCCUs remains un
certain because they have rarely been systematically characterized, 
particularly with respect to care processes, resource utilization, and the 
delivery of specialized neurocritical care in resource-constrained 
healthcare systems.

Beyond the organization of tertiary neurovascular care, our findings 
also highlight additional opportunities for intervention across earlier 
stages of the aSAH care continuum. Compared with contemporary co
horts from high-income healthcare systems [1,56,68,69], the high 
prevalence of modifiable vascular risk factors observed in our popula
tion, particularly hypertension and smoking, underscores the persistent 
need for more effective primary prevention strategies to reduce aneu
rysm formation and rupture risk. Likewise, the markedly severe clinical 
presentation at tertiary admission suggests that important opportunities 
may still exist to improve the organization of prehospital and inter
hospital care, including earlier recognition, timely diagnosis, initial 
stabilization, and efficient referral to specialized neurovascular centers.

At the opposite end of the care continuum, functional recovery also 
remained limited after hospital discharge, with only modest improve
ment in favorable outcomes at 3-month follow-up. Although recovery 
after aSAH is strongly influenced by the severity of the initial brain 
injury, these findings also emphasize the importance of structured post- 
acute rehabilitation and long-term multidisciplinary follow-up. Previous 
analyses from our group have similarly demonstrated that admission 
severity remains a major determinant of mortality and functional re
covery in this population [10]. Together, these observations reinforce 
that improving outcomes after aSAH requires coordinated interventions 
extending from primary prevention and timely access to specialized care 
through rehabilitation and long-term recovery.

5. Limitations

This study has several limitations that should be considered when 
interpreting its findings. First, its retrospective, single-center observa
tional design precludes causal inference and may limit the generaliz
ability of the results to healthcare systems with different referral 
structures and resource availability. Second, as a tertiary referral center 
cohort, the study is inherently subject to referral and survivor selection 
biases, since only patients who survived the initial hemorrhage, were 
recognized, stabilized, and successfully transferred to specialized care 
were included. Consequently, the cohort is more representative of pa
tients who ultimately reached definitive treatment than of the overall 
regional population affected by aSAH.

Third, a substantial portion of the study period overlapped with the 
COVID-19 pandemic. Although contemporary Brazilian studies did not 
demonstrate major changes in aSAH admissions, aneurysm treatment 
rates, or in-hospital mortality during this period, the pandemic likely 
imposed additional pressure on ICU capacity, interhospital transfers, 
and healthcare resource allocation [9,39,70,71]. These factors may have 
influenced aspects of care delivery and should be considered when 
interpreting the organizational model described.

Finally, because this study was designed to characterize care rather 
than compare models of care delivery, future investigations should 
evaluate how different organizational structures influence each stage of 
the aSAH care continuum, from early diagnosis and referral to aneurysm 
treatment, neurocritical care, rehabilitation, and long-term recovery.

6. Conclusion

This study provides a comprehensive real-world description of 
contemporary aneurysmal subarachnoid hemorrhage care delivered 
within a public tertiary referral center in a middle-income healthcare 
system. The combination of severe neurological presentation, timely 
definitive aneurysm treatment, and a substantial neurocritical care 
burden illustrates the complexity of specialized aSAH care in routine 
clinical practice. Rather than focusing exclusively on individual in
terventions or hospital outcomes, these findings emphasize the impor
tance of understanding how specialized care is organized across the 
entire patient journey. Characterizing how specialized aSAH care is 
organized may represent an essential first step toward informing future 
studies designed to identify which components of the care continuum 
are associated with improved patient outcomes across diverse health
care settings.
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