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AneurysmAl subarachnoid hemorrhage (aSAH) is 
caused by spontaneous rupture of intracranial an-
eurysms. The cardinal symptoms of aSAH include 

the sudden onset of severe headache, nausea, neck pain, 
and decreased levels of consciousness, with 20% of pa-
tients being comatose at initial presentation.1 aSAH repre-
sents a severe neurological condition, with mortality rates 
around 9% and permanent morbidity rates around 27%, 
as reported by the ISAT study.1 Neurological outcome is 
highly dependent on early diagnosis and aggressive treat-
ment at a neurovascular center.2 Immediate aneurysm 

embolization is required in order to minimize the risks of 
aneurysmal rebleeding, which occurs in 26%–73% of pa-
tients with untreated aneurysms during the hospital stay.3 
Moreover, neurointensive care treatment is crucial—even 
in patients with mild symptoms—in order to reduce sec-
ondary brain damage, which is mostly related to cerebral 
vasospasm, brain swelling, and delayed cerebral ischemia.2

In the absence of the typical symptoms, aSAH may be 
misdiagnosed, which has been reported to occur in up to 
51% of aSAH patients.4 Some studies evaluated the as-
sociation of missed or delayed diagnosis of aSAH and 
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OBJECTIVE Timely aneurysm occlusion and neurointensive care treatment are key principles in the management of 
aneurysmal subarachnoid hemorrhage (aSAH) to prevent secondary brain injury. Patients with early (EHA) and delayed 
hospital admission (DHA) were compared in terms of clinical presentation, treatment strategies, aSAH-related complica-
tions, and outcome.
METHODS In this retrospective study, consecutive aSAH patients were treated at a single neurovascular center be-
tween 2009 and 2019. Propensity score matching was performed to account for divergent baseline characteristics.
RESULTS Among 509 included patients, 55 were admitted more than 48 hours after ictus (DHA group). DHA patients 
were significantly younger (52 ± 11 vs 56 ± 14 years, p = 0.03) and had lower World Federation of Neurosurgical Societ-
ies scores (p < 0.01) than EHA patients. In 54.5% of the cases, DHA patients presented with neurological deterioration 
or aggravated symptoms. Propensity score matching revealed a higher vasospastic infarction rate in the DHA group 
(41.5%) than in the EHA group (22.6%) (p = 0.04). A similar portion of patients in both groups achieved favorable out-
come at midterm follow-up (77.3% vs 73.6%, p = 0.87). DHA patients (62.3%) received conventional coiling more often 
than EHA patients (41.5%) (p = 0.03).
CONCLUSIONS DHA patients are at an increased risk of cerebral infarction. Nevertheless, state-of-the-art neurointen-
sive care treatment can result in a good clinical outcome.
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functional outcome; however, most of these studies were 
performed in the pre-ISAT era.4–8 The misdiagnosis rates 
have decreased markedly over the last decades owing to 
the widespread availability and the increasing accuracy 
of neurovascular imaging. For instance, Inagawa reported 
that misdiagnosis rates dropped from 18% in the 1980s 
to 9% in the 1990s.6 It is probable that misdiagnosis rates 
have decreased even further since then.

Although misdiagnosis rates have dropped, some pa-
tients with mild or moderate symptoms of aSAH might 
not always seek medical advice immediately after symp-
tom onset and may present several days after ictus when 
symptoms persist or become aggravated.6 We hypothesize 
that these patients are at an increased risk of vasospasm, 
cerebral infarction, and poor outcome due to aneurysm re-
rupture and delayed intensive care treatment.

The objective of the present study was to compare 
clinical characteristics, treatment strategies, and clinical 
outcome between aSAH patients with early (EHA) and 
delayed hospital admission (DHA) who underwent a stan-
dardized aSAH treatment regimen at a neurovascular cen-
ter. Additional propensity score matching was performed 
in order to account for potential differences between the 
two groups regarding the baseline characteristics.

Methods
Study Population

This is a retrospective study of consecutive patients 
who were admitted to our tertiary care neurovascular cen-
ter (University Hospital of Cologne, Germany) for aSAH 
between January 2009 and July 2019. According to the 
statutes of our institutional guidelines, an ethics committee 
appraisal and informed consent for the collection, analy-
sis, and publication of the retrospectively obtained and 
anonymized data were not required for conduction of this 
noninterventional study. Data analysis and reporting were 
performed in accordance with the STROBE guidelines.

Inclusion Criteria
All patients with the diagnosis of aSAH were consid-

ered for inclusion in this study. The patients were allocated 
to two groups, depending on whether they were admitted 
to the hospital within 24 hours after ictus (EHA) or later 
than 48 hours after ictus (DHA). The 48-hour threshold 
was selected on the basis that vasospasm typically occurs 
between day 3 and day 14 after initial aneurysm rupture. 
In some studies on vasospasm, such as the tirilazad mesyl-
ate and the Newton-2 studies, inclusion criteria included 
the need to have begun drug treatment within 48 hours af-
ter admission.9–11 We excluded patients who were admitted 
between 24 and 48 hours after ictus in order to increase 
selectivity. Further exclusion criteria were unclear date of 
ictus and inpatient treatment outside of a neurovascular 
center for > 24 hours due to initial misdiagnosis.

aSAH Management Protocol
At initial presentation, patients routinely underwent 

native CT scanning of the head, CT angiography (CTA), 
and digital subtraction angiography (DSA) to determine 
the extent of the aSAH as well as aneurysm location, size, 

and morphology. Thereafter, the aneurysm embolization 
strategy was discussed within an interdisciplinary team 
of interventional neuroradiologists and vascular neurosur-
geons, and allocation to a specific treatment modality was 
done in consensus. The antiplatelet regimen after intra-
cranial stent implantation consisted of intravenous infu-
sion of tirofiban started preinterventionally and continued 
for 24 hours, followed by 4 months of oral ingestion of 
clopidogrel and a lifelong oral administration of acetyl-
salicylic acid.12–15 After aneurysm treatment, the patients 
were routinely surveilled at an intensive care unit for at 
least 14 days after ictus. The blood flow velocity in the 
large cerebral arteries was determined daily by transcra-
nial Doppler ultrasound. The onset of new neurological 
deficits, neurological deterioration, and blood flow veloci-
ties above 120 cm/sec or an increase of > 50 cm/sec within 
24 hours were considered to be indicative of vasospasm.16 
In this case, patients received a standard imaging protocol 
consisting of native CT, CTA, and CT perfusion studies. 
Patients with radiological proof of vasospasm underwent 
DSA with intraarterial administration of nimodipine and/
or balloon angioplasty of the spastic vessel segments. 
Upon proof of vasospasm, patients were sedated at least 
until the 14th day after ictus and the mean arterial pres-
sure was elevated to > 100 mm Hg. Hypervolemia and 
hyperperfusion were not routinely applied. In patients 
without vasospasm, a native CT scan was acquired at least 
once every 7 days and before discharge. Insertion of an 
external ventricular drain (EVD) was done routinely upon 
radiological proof of hydrocephalus. Weaning of the EVD 
was performed on an individual basis, though at the earli-
est 14 days after ictus. In cases of chronic hydrocephalus, 
a ventriculoperitoneal shunt was implanted.

Data Collection
The following baseline parameters were collected from 

the medical records: patient demographics, date of ictus, 
date and time of hospital admission, initial symptoms, 
symptoms at admission, date of discharge, and neurologi-
cal status. The neurological status was recorded at base-
line, at discharge, and at follow-up visits, of which the first 
visit was generally between 3 and 6 months after ictus. Pa-
tients who were not available for follow-up were contacted 
by telephone. The World Federation of Neurosurgical So-
cieties (WFNS) grading scale was used to determine the 
severity of aSAH. The extent of aSAH was evaluated by 
cranial CT using Fisher grades.

Functional outcome was determined at discharge and 
at the 3- to 6-month follow-up using the modified Rankin 
Scale (mRS). An mRS score of 0–2 was defined as a fa-
vorable outcome and a score of 3–6 as an unfavorable out-
come, with a score of 6 indicating death.

For all patients, radiological reports and CT scans were 
reviewed in order to identify the occurrence of vasospasm 
and cerebral infarction. Vasospasm was defined as dis-
tinct narrowing of the cerebral arteries when compared 
to those shown on baseline CTA, as determined by an ex-
perienced consultant neuroradiologist. Cerebral infarction 
was defined as a new ischemic lesion on CT (or MRI in a 
minority of cases). The cause of cerebral infarction was 
discussed in each case, including vasospastic infarction, 
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elevated intracranial pressure, mass effect, and procedure-
related infarctions. Both the overall infarction rate and the 
vasospastic infarction rate were reported in the current 
study.

The following interventions are reported in the current 
study: EVD placement, hemicraniectomy, surgical and en-
dovascular aneurysm treatment, tracheotomy, and implan-
tation of a ventriculoperitoneal shunt.

Statistical Analysis
Qualitative variables were expressed as numbers and 

percentages and compared using the chi-square or Fisher’s 
exact test, when appropriate. Quantitative variables were 
presented as means ± SD. Normal distribution of quan-
titative variables was assessed by the Shapiro-Wilk test. 
Groups were compared with the Student t-test (normally 
distributed data) and the Mann-Whitney U-test (nonnor-
mally distributed data). In order to account for significant 
differences of baseline parameters between the groups, 1:1 
matching was performed based on individual propensity 
scores. Propensity scores were calculated using a multi-
variate logistic regression model and the following covari-
ates: patient age, sex, WFNS score, Fisher grade, presence 
of parenchymal hematoma, and presence of intraventricu-
lar hemorrhage. All calculations were performed using 
SPSS software (version 25.0, IBM Corp.). For propensity 
score analysis, the R 3.3.0 plug-in (https://cran.r-project.
org/) was installed. A p value < 0.05 was considered to be 
statistically significant.

Results
Patient and Aneurysm Characteristics

During the study period, a total of 561 patients with 
aSAH were admitted to our hospital (University Hospital 
of Cologne, Germany). Of those, 454 patients presented 
within 24 hours after ictus (EHA group) and 55 later than 
48 hours after ictus (DHA group). We excluded 37 patients 
who were admitted between 24 and 48 hours after ictus, 
11 patients who had an unclear date of ictus, and 4 patients 
who were treated at a peripheral hospital for more than 24 
hours due to initial misdiagnosis.

Among 55 patients in the DHA group, the initial symp-
toms were head and neck pain in 53 patients (96.4%), nau-
sea in 6 (10.9%), neurological deficits in 5 (9.1%, distur-
bance of consciousness in 2, hypesthesia in 1, oculomotor 
palsy in 1, and aphasia in 1), and deterioration of the gen-
eral condition in 4 (7.3%). Of these 55 patients, 10 (18.2%) 
presented as outpatients beforehand, but the correct di-
agnosis could not be established due to mild or atypical 
symptom presentation.

The patients in the DHA group were finally admit-
ted to our institution for the following reasons: persisting 
symptoms in 25 cases (45.5%), progressive symptoms in 
15 (27.3%), recurrent symptoms after initial improvement 
in 8 (14.5%), and new neurological deficits in 7 (12.7%). 
Among the patients with new neurological deficits, 4 had 
a hemiparesis, 2 had diplopia, and 1 had a seizure.

Five DHA patients (9.1%) had angiographic proof of 
vasospasm on admission. Among those, 3 presented with 
severe headache and 2 with neurological deficits (hemi-

paresis and dysarthria in both cases). All these patients 
developed vasospastic infarction. At clinical follow-up, 2 
patients achieved a favorable outcome and 3 had an unfa-
vorable outcome.

In the DHA group, the mean patient age was 51.8 ± 10.8 
years, and 61.8% were female. At admission, the median 
WFNS score was I, and 29.1% had a Fisher grade 4 hem-
orrhage.

When compared to EHA patients, DHA patients were 
significantly younger (p = 0.03), had a better median 
WFNS score (p < 0.01), and also had a lower median Fish-
er grade (p < 0.01), as detailed in Table 1.

To account for the significant differences in clinical 
and demographic parameters between the two groups, we 
performed a propensity score adjustment. After 1:1 pro-
pensity score matching, 53 DHA patients were compared 
with 53 EHA patients who had similar baseline character-
istics, as shown in Table 1.

Baseline aneurysm characteristics are given in Table 2. 
The mean number of aneurysms per patient was 1.37 in 
the EHA group and 1.38 in the DHA group. A similar 
portion of patients had secondary aneurysms besides the 
ruptured aneurysm (EHA 23.1%, DHA 27.3%; p = 0.49). 
The mean aneurysm size was comparable between both 
groups (EHA 6.0 ± 3.6 mm, DHA 6.0 ± 3.2 mm; p = 0.98), 
while aneurysms in the EHA group had a significantly 
wider neck (EHA 3.5 ± 1.8 mm, DHA 2.9 ± 1.4 mm; p 
< 0.01). After accounting for the propensity scores, there 
were no significant differences among baseline aneurysm 
characteristics (Table 2).

Treatment
A list of interventions is given in Table 3. EVD place-

ment due to initial hydrocephalus was performed signifi-
cantly more often in EHA patients (75.8%) than in DHA 
patients (43.6%) (p < 0.01), while there was no significant 
difference regarding hemicraniectomy rates (p = 0.57). 
Tracheotomy was more often required in patients in the 
EHA group (40.1%) than in the DHA group (20.0%) (p 
< 0.01). DHA patients were significantly more frequently 
allocated to receive endovascular coiling (60.0%) than 
EHA patients (39.0%, p < 0.01), while microsurgical clip-
ping and stent-assisted procedures were more commonly 
performed in EHA patients without attaining statistical 
significance (Table 3). After propensity score adjustment, 
EVDs were placed by trend more often in EHA patients 
(p = 0.08), while there were no significant differences re-
garding hemicraniectomy and tracheotomy rates (Table 
3). Furthermore, propensity score matching confirmed 
that endovascular coiling was significantly more common 
among DHA patients than among EHA patients (62.3% vs 
41.5%) (p = 0.03).

aSAH-Related Complications
aSAH-related complications are listed in Table 4. In 

the DHA group, vasospasm occurred in 54.5%, which 
was comparable to the overall cohort of the EHA group 
(44.7%, p = 0.17). The overall cerebral infarction rate was 
significantly higher among DHA patients (49.1%) than 
among EHA patients (33.9%) (p = 0.03). Vasospastic in-
farction was more frequent in DHA patients (41.8%) than 
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in EHA patients (27.8%) (p = 0.03). Chronic hydrocepha-
lus requiring permanent cerebrospinal fluid drainage was 
by trend more common in the EHA group (27.1%) than in 
the DHA group (16.4%) (p = 0.09).

In the propensity score–matched cohorts, vasospasm 
occurred slightly more often in DHA patients (56.6% vs 
41.5%) without reaching statistical significance (p = 0.12). 
However, propensity score matching confirmed a signifi-
cantly higher infarction rate in the DHA group (49.1%) 
than in the EHA group (26.4%) (p = 0.02), while chronic 
hydrocephalus rates were not significantly different (p = 
0.79).

Clinical Outcome
Clinical outcome is detailed in Table 5. The in-hospital 

mortality rate was significantly higher for EHA patients 
(26.4%) than for DHA patients (5.5%) (p < 0.01). At dis-
charge, favorable outcome was more often achieved in the 
DHA group (67.3%) than in the EHA group (29.7%) (p < 
0.01). At the 3- to 6-month follow-up visit, favorable out-
come was obtained in 78.2% of DHA patients, compared 
to 43.8% of EHA patients (p < 0.01).

After 1:1 propensity score matching, mortality rates 
and clinical outcome were comparable between the two 
groups, as detailed in Table 5.

TABLE 1. Baseline clinical and demographic characteristics in the overall and 1:1 propensity 
score–matched cohorts

Parameter
EHA  

(n = 454)
DHA  

(n = 55)
p 

Value
Propensity Score Matching

EHA (n = 53) DHA (n = 53) p Value

Patient age, yrs 56.0 ± 14.0 51.8 ± 10.8 0.03 53.4 ± 11.9 51.5 ± 10.9 0.39
Sex 0.28 0.54
 Female 313 (68.9%) 34 (61.8%) 36 (67.9%) 33 (62.3%)
 Male 141 (31.1%) 21 (38.2%) 17 (32.1%) 20 (37.7%)
WFNS score <0.01 0.82
 I 103 (22.7%) 37 (67.3%) 36 (67.9%) 35 (66.0%)
 II 70 (15.4%) 10 (18.2%) 11 (20.8%) 10 (18.9%)
 III 59 (13.0%) 5 (9.1%) 2 (3.8%) 5 (9.4%)
 IV 57 (12.6%) 2 (3.6%) 3 (5.7%) 2 (3.8%)
 V 165 (36.3%) 1 (1.8%) 1 (1.9%) 1 (1.9%)
Fisher grade <0.01 0.99
 1 5 (1.1%) 4 (7.3%) 2 (3.8%) 2 (3.8%)
 2 19 (4.2%) 15 (27.3%) 15 (28.3%) 15 (28.3%)
 3 172 (37.9%) 20 (36.4%) 20 (37.7%) 20 (37.7%)
 4 258 (56.8%) 16 (29.1%) 16 (30.2%) 16 (30.2%)
Parenchymal hemorrhage 139 (30.6%) 7 (12.7%) <0.01 8 (15.1%) 7 (13.2%) 0.78
Intraventricular hemorrhage 199 (43.8%) 12 (21.8%) <0.01 14 (26.4%) 12 (22.6%) 0.65

Values are presented as the number (%) of patients unless otherwise indicated.

TABLE 2. Baseline aneurysm characteristics in the overall and 1:1 propensity score–matched 
cohorts

Parameter EHA (n = 454) DHA (n = 55) p Value
Propensity Score Matching

EHA (n = 53) DHA (n = 53) p Value

No. of aneurysms 0.23 0.78
 1 349 (76.9%) 40 (72.7%) 44 (83.0%) 39 (73.6%)
 2 59 (13.0%) 12 (21.8%) 6 (11.3%) 11 (20.8%)
 3 34 (7.5%) 1 (1.8%) 1 (1.9%) 1 (1.9%)
 4 8 (1.8%) 1 (1.8%) 1 (1.9%) 1 (1.9%)
 5 4 (0.9%) 1 (1.8%) 1 (1.9%) 1 (1.9%)
Multiple aneurysms 105 (23.1%) 15 (27.3%) 0.49 9 (17.0%) 14 (26.4%) 0.24
Aneurysm size (mm) 6.0 ± 3.6 6.0 ± 3.2 0.98 5.7 ± 3.2 5.9 ± 3.3 0.76
Neck width (mm) 3.5 ± 1.8 2.9 ± 1.4 <0.01 3.1 ± 1.3 2.8 ± 1.2 0.23

Values are presented as the number (%) of patients or as the mean ± SD unless otherwise indicated.
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Discussion
In the current study, we compared clinical character-

istics, SAH-related complications, and clinical outcomes 
between SAH patients who had early and those who had 
delayed admissions (> 48 hours after ictus) to a special-
ized neurovascular center and who received standardized 
neurointensive care treatment.

As a major finding, patients in the DHA group typically 
had a low-grade aSAH with only mild to moderate symp-
toms, as reflected by lower WFNS scores, than patients 
in the EHA group. In fact, only 12.7% of DHA patients 
had neurological symptoms when they presented to our 
neurovascular center > 48 hours after ictus. In compari-
son, 61.9% of EHA patients presented with a WFNS score 
between III and V, which is characterized by a varying 
extent of neurological deterioration. Patients with deterio-
rated consciousness routinely receive a CT scan immedi-
ately after hospital admission, hence carrying a low risk of 
being misdiagnosed.

In the DHA group, 18.2% sought immediate medical 
advice as outpatients; however, the correct diagnosis was 
not established, possibly due to mild symptoms.

Some studies addressed the outcome and risk factors 
of patients with delayed hospital admission due to mis-
diagnosis after aSAH. Inagawa reported that misdiagno-
sis occurs typically in patients with WFNS scores of I 
and II,6 which is confirmed by other studies and by our 
data.8,17,18 In the overall study population, misdiagnosed 

patients had a better outcome than patients with an EHA, 
as it was the case in our study.6 However, a direct com-
parison of DHA with EHA patients is confounded by sig-
nificant differences in baseline characteristics, especially 
regarding WFNS grade. To counteract this selection 
bias, Kowalski et al. performed a subgroup analysis of 
patients with Hunt and Hess grades I and II and reported 
significantly higher mortality and disability rates among 
misdiagnosed patients (22% vs 8%).3 Likewise, Mayer et 
al. reported favorable outcomes in 91% of patients with 
a correct diagnosis versus 53% of those with a delayed 
diagnosis.8 Although these studies suggest misdiagnosis 
as a prognostic factor for patient outcome, the impact of 
DHA has not yet been investigated systematically by a 
matched case-control study. Moreover, the patient groups 
with misdiagnosis in the literature cannot be compared 
to our DHA group directly, as it may exclude patients 
who had rebleeding with poor outcome or death prior to 
hospital admission. In addition, most available studies on 
DHA were performed in the pre-ISAT era, and hence, the 
results may not directly apply to results obtained using 
contemporary, state-of-the-art aSAH treatment. DHA pa-
tients were typically in good overall condition and only 
had mild to moderate symptoms, which predominantly 
translated into WFNS grades I and II. For that reason, the 
DHA group cannot be compared with the overall aSAH 
cohort directly. To the best of our knowledge, there is no 
study available that systematically analyzed outcomes 
of DHA patients by adjusting for confounding variables. 

TABLE 3. Interventions among EHA and DHA patients in the overall and 1:1 propensity  
score–matched cohorts

Parameter EHA (n = 454) DHA (n = 55) p Value
Propensity Score Matching

EHA (n = 53) DHA (n = 53) p Value

EVD 344 (75.8%) 24 (43.6%) <0.01 33 (62.3%) 24 (45.3%) 0.08
Hemicraniectomy 62 (13.7%) 6 (10.9%) 0.57 6 (11.3%) 6 (11.3%) 0.99
Tracheotomy 182 (40.1%) 11 (20.0%) <0.01 14 (26.4%) 11 (20.8%) 0.49
Aneurysm Tx
 Conservative 34 (7.5%) 1 (1.8%) 0.16 1 (1.9%) 1 (1.9%) 0.99
 Clipping 164 (36.1%) 15 (27.3%) 0.19 21 (39.6%) 13 (24.5%) 0.10
 Coiling 177 (39.0%) 33 (60.0%) <0.01 22 (41.5%) 33 (62.3%) 0.03
 Stent/flow diversion 78 (17.2%) 6 (10.9%) 0.24 9 (17.0%) 6 (11.3%) 0.40

Tx = treatment.
Values are presented as the number (%) of patients unless otherwise indicated. 

TABLE 4. aSAH-related adverse events in the overall and 1:1 propensity score–matched cohorts 

Parameter EHA (n = 454) DHA (n = 55) p Value
Propensity Score Matching

EHA (n = 53) DHA (n = 53) p Value

Vasospasm 203 (44.7%) 30 (54.5%) 0.17 22 (41.5%) 30 (56.6%) 0.12
Cerebral infarction 154 (33.9%) 27 (49.1%) 0.03 14 (26.4%) 26 (49.1%) 0.02
Vasospastic infarction 126 (27.8%) 23 (41.8%) 0.03 12 (22.6%) 22 (41.5%) 0.04
Chronic hydrocephalus 123 (27.1%) 9 (16.4%) 0.09 8 (15.1%) 9 (17.0%) 0.79

Values are presented as the number (%) of patients unless otherwise indicated.
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To overcome these limitations, we performed a 1:1 pro-
pensity score matching of EHA and DHA patients who 
underwent a standardized aSAH treatment protocol at 
our tertiary care hospital. After the matching, the study 
groups predominantly contained younger patients with 
low WFNS grades.

Complications
The overall neurological outcome of aSAH patients 

mainly depends on the extent of primary and secondary 
brain damage, which is mainly related to mass effect, an-
eurysm rebleeding, vasospasm, and delayed cerebral ische-
mia.16,19–21 Particularly, the risk for aneurysmal rebleeding 
is highest within 6 hours after ictus and decreases there-
after.22 In contrast, the risk of vasospasm increases steeply 
at the 3rd day after aneurysm rupture and peaks after 1 
week.23 Recognition of the signs and symptoms of aSAH, 
early aneurysm embolization, and treatment within a neu-
rovascular center are considered as the key principles in 
aSAH management in order to limit the extent of primary 
brain damage and to decrease the risk of secondary brain 
damage.2

In our cohort, 54.5% of DHA patients were finally 
admitted due to neurological deterioration or aggravated 
symptoms. In this context, Miyazaki et al. reported that 
the neurological status of aSAH patients is significantly 
worsened when they are readmitted due to initial misdi-
agnosis.17 Likewise, in the study by Mayer et al., 48% of 
patients experienced rebleeding or deterioration until re-
admission, which is generally considered as a poor prog-
nostic factor.8,24

Prompted by several cases of cerebral vasospasm and 
delayed cerebral ischemia of aSAH patients with delayed 
admission to our institution, we questioned whether these 
patients might have an increased risk of cerebral infarction 
and unfavorable outcome when directly compared to EHA 
patients with similar baseline characteristics. Although 
only 9.1% of DHA patients had angiographic proof of va-
sospasm on baseline angiography, they had a significantly 
higher rate of vasospastic infarction (41.5%) than EHA 
patients (22.6%) in the matched analysis. This finding cor-
relates with an overall increased frequency of vasospasm 
in the DHA group (56.6% vs 41.5%). Although evidence-
based treatment strategies of vasospasm are sparse, mild 
to moderate hypertension and administration of oral ni-
modipine has been widely adopted in order to prevent and 
treat vasospasm.25 Intraarterial infusion of vasodilating 
agents and angioplasty represent further therapeutic op-
tions to relieve the spasm.26 Our data clearly support the 
concept of ultra-early antivasospastic treatment from the 
1st day of ictus in order to minimize the risk of cerebral 
infarction.23 In particular, state-of-the-art—and potentially 
prolonged—neurointensive care treatment is of utmost im-
portance for DHA patients, as they are prone to vasospasm 
and infarction.

Clinical Outcome
Interestingly, the increased infarction rates among 

DHA patients did not translate into a worse functional 
outcome, although delayed cerebral ischemia represents 
a major risk factor for case fatality and morbidity after 
aSAH.19–21 The overall mortality rate among DHA patients 

TABLE 5. Clinical outcome as determined by mRS score in the overall and 1:1 propensity score–
matched cohorts

Parameter EHA (n = 454) DHA (n = 55) p Value
Propensity Score Matching

EHA (n = 53) DHA (n = 53) p Value

Length of stay, days 29.2 ± 20.5 25.8 ± 16.5 0.17 27.3 ± 15.5 26.3 ± 16.7 0.75
mRS score at discharge <0.01 0.71
 0 66 (14.5%) 24 (43.6%) 18 (34.0%) 23 (43.3%)
 1 38 (8.4%) 5 (9.1%) 9 (17.0%) 5 (9.4%)
 2 31 (6.8%) 8 (14.5%) 4 (7.5%) 7 (13.2%)
 3 39 (8.6%) 4 (7.3%) 4 (7.5%) 4 (7.5%)
 4 101 (22.2%) 9 (16.4%) 9 (17.0%) 9 (17.0%)
 5 59 (13.0%) 2 (3.6%) 3 (5.7%) 2 (3.8%)
 6 120 (26.4%) 3 (5.5%) 6 (11.3%) 3 (5.7%)
mRS at 6-mo FU <0.01 0.87
 0 129 (28.4%) 28 (50.9%) 29 (54.7%) 27 (50.9%)
 1 45 (9.9%) 11 (20.0%) 7 (13.2%) 10 (18.9%)
 2 25 (5.5%) 4 (7.3%) 3 (5.7%) 4 (7.5%)
 3 31 (6.8%) 2 (3.6%) 2 (3.8%) 2 (3.8%)
 4 60 (13.2%) 6 (10.9%) 4 (7.5%) 6 (11.3%)
 5 43 (9.5%) 1 (1.8%) 2 (3.8%) 1 (1.9%)
 6 121 (26.7%) 3 (5.5%) 6 (11.3%) 3 (5.7%)

FU = follow-up.
Values are presented as the number (%) of patients or as the mean ± SD unless otherwise indicated. 
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was 5.7%, and 78.2% could live independently 3–6 months 
after ictus, which is comparable to the rate seen in the 
matched EHA group. On the one hand, these findings sug-
gest that neurointensive care can lead to good functional 
outcome of aSAH patients, even when started in a delayed 
fashion. On the other hand, the various clinical outcome 
domains may not be fully reflected by the mRS score that 
was determined retrospectively in our study. The mRS 
score measures the degree of disability or dependence in 
daily activities. However, although long-term survivors of 
aSAH can regain independence in basic activities of daily 
living, many have persistent deficits across multiple cog-
nitive domains, which can be related to cerebral infarc-
tion.27,28 Cognitive function is not adequately addressed by 
the mRS, and it is difficult to determine retrospectively. 
Hence, it may be speculated that the higher infarction rates 
among DHA patients may be associated with more severe 
cognitive impairment, when compared to EHA patients. 
However, this hypothesis cannot be confirmed by the re-
sults of our retrospective analysis and needs further evalu-
ation.

Treatment Strategy
The majority of DHA patients were treated by endo-

vascular coiling. Since microsurgical clipping and intra-
cranial stent implantation are associated with a varying 
degree of vessel reconstruction, these techniques were 
avoided when the vessels showed signs of vasospasm. Our 
main concern was that hemodynamics in vasospastic seg-
ments might be further impeded by vessel reconstruction, 
hence provoking cerebral hypoperfusion. In aneurysms 
with challenging anatomy for endovascular coiling, we 
pursued two strategies on a case-by-case basis: If pos-
sible, the rupture site of the aneurysm was covered with 
coils without targeting complete aneurysm occlusion. 
Thereafter, definite treatment by stent-assisted proce-
dures or microsurgical clipping was performed after the 
vasospasm phase. If provisional coiling was not feasible, 
we considered treating the aneurysm after radiological 
improvement of the vasospasms. However, the best aneu-
rysm embolization strategies for aSAH patients with va-
sospasm remain unclear and require further investigation 
by other studies.

Limitations
The presented study has several inherent limitations 

due to its retrospective, single-center design. The EHA 
and DHA groups were not balanced with regard to base-
line characteristics. In order to mitigate this limitation—at 
least in part—we performed a matched analysis based on 
the individual propensity scores. Functional outcome was 
only assessed using the mRS, which lacks several outcome 
domains such as cognitive function. Moreover, we do not 
provide an analysis of complications and angiographic 
outcome of aneurysm treatment, which is outside of the 
scope of this paper.

With the aforementioned limitations in mind, the cur-
rent study gives insight into the clinical characteristics of 
DHA patients and highlights the importance of early and 
aggressive neurointensive care treatment of aSAH patients 
in order to avoid vasospasm-related complications.

Conclusions
DHA patients are typically associated with low-grade 

SAH. In 54.5%, the patients presented due to neurological 
deterioration or aggravating symptoms. Matched analysis 
revealed that DHA patients were more susceptible to ce-
rebral infarction than EHA patients. However, favorable 
outcome was attained by a similar portion in both groups. 
The study highlights the importance of state-of-the-art 
neurointensive care treatment in order to minimize vaso-
spasm-related complications. Nonetheless, a good clinical 
outcome can be obtained, even in case of a delayed admis-
sion to the hospital.
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