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Abstract
Background The primary aim was to determine the diagnostic yield of vascular work-up, the clinical course during neuroin-
tensive care (NIC), and rate of functional recovery for patients with computed tomography (CT)-negative, lumbar puncture 
(LP)-verified SAH.
Methods In this retrospective study, 1280 patients with spontaneous SAH, treated at our NIC unit, Uppsala University 
Hospital, Sweden, between 2008 and 2018, were included. Demography, admission status, radiological examinations (CT 
angiography (CTA) and digital subtraction angiography (DSA)), treatments, and functional outcome (GOS-E) at 12 months 
were evaluated.
Results Eighty (6%) out of 1280 SAH patients were computed tomography (CT)-negative, LP-verified cases. Time between 
ictus and diagnosis was longer for the LP-verified SAH cohort in comparison to the CT-positive patients (median 3 vs 0 days, 
p < 0.001). One fifth of the LP-verified SAH patients exhibited an underlying vascular pathology (aneurysm/AVM), which 
was significantly less common than for the CT-verified SAH cohort (19% vs. 76%, p < 0.001). The CTA- and DSA-findings 
were consistent in all of the LP-verified cases. The LP-verified SAH patients exhibited a lower rate of delayed ischemic 
neurological deficits, but no difference in rebleeding rate, compared to the CT-verified cohort. At 1-year post-ictus, 89% of 
the LP-verified SAH patients had recovered favorably, but 45% of the cases did not reach good recovery. Having an underly-
ing vascular pathology and an external ventricular drainage were associated with worse functional recovery (p = 0.02) in 
this cohort.
Conclusions LP-verified SAH constituted a small proportion of the entire SAH population. Having an underlying vascular 
pathology was less frequent in this cohort, but still occurred in one out of five patients. Despite the small initial bleeding in 
the LP-verified cohort, many of these patients did not reach good recovery at 1 year, this calls for more attentive follow-up 
and rehabilitation in this cohort.
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Introduction

Subarachnoid hemorrhage (SAH) represents 5% of all stroke 
cases and carries a high burden of mortality and morbid-
ity [11, 18, 45]. If SAH due to aneurysmal rupture (aSAH) 
is left untreated, clinical outcome is often poor due to 

complications including rebleeding, acute hydrocephalus, 
and delayed ischemic neurological deficits (DIND). One 
key aspect in patient management is early diagnosis and 
treatment in order to mitigate the risks of these secondary 
complications [14, 30, 37]. The diagnostic work-up for SAH 
includes at first an emergency non-contrast head computed 
tomography (CT) and, if negative, a lumbar puncture (LP) 
more than 6-12 hours after ictus, to analyze the presence of 
blood-break-down products [4, 9]. In the last years, there has 
been a debate about the necessity to proceed with LP, since 
CT has a sensitivity and specificity near 100%, if performed 
within six hours after ictus and assessed by an experienced 
radiologist [2, 6, 23, 41]. However, although rupture of an 
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intracranial aneurysm usually leads to an extensive amount 
of SAH that is visible on CT, small bleeds also occur. Par-
ticularly, if the time from ictus to CT is long, the SAH could 
have already been flushed away and diluted in the cerebro-
spinal fluid (CSF) making it not visible on CT. In addition, 
experienced radiologists may not be available at all hospitals 
[6, 10, 34]. Therefore, the Swedish guidelines recommend 
to proceed with LP in case of high suspicion of SAH despite 
a negative CT within 6 hours from ictus [47]. Another con-
sideration, after LP-verified SAH has been diagnosed, is the 
methods of choice for detection of any underlying vascular 
pathology (aneurysm, arteriovenous malformation (AVM)) 
by further radiological imaging, i.e., CT angiography (CTA) 
and/or digital subtraction angiography (DSA) [26]. Since a 
LP-verified SAH means a relatively small bleeding, the risk 
of having an underlying vascular pathology may be lower. 
However, the literature has reported a wide range of positive 
findings within 5–49% in LP-verified SAH [3, 7, 8, 13, 19, 
42, 48]. Thus, it remains challenging to decide on the extent 
of vascular work-up.

Previous studies have mainly focused on determining the 
diagnostic yield of LP and the role of early CT alone to con-
firm SAH. In the present study, we aimed to investigate the 
clinical characteristics, the rate and risk factors for detecting 
an underlying vascular pathology, as well as the long-term 
functional outcome for patients with LP-verified SAH.

Materials and methods

Patients and study design

This retrospective study was conducted at the Department 
of Neurosurgery, Uppsala University Hospital, Sweden. 
The Department provides neurosurgical care for a central 
part of Sweden, with a catchment population around 2 
million people. There were 1325 patients with spontane-
ous SAH, treated between January  7th 2008 and April  9th 
2018, who were eligible for inclusion in this study. For the 
1325 patients, 45 were excluded; 33 patients were treated at 
another neurointensive care (NIC) unit for more than 3 days 
during the first 10 days, 11 patients had missing clinical and 
radiological data, and 1 patient was younger than 16 years 
of age. The final study cohort was hence 1280 SAH patients, 
and 80 of those had a CT-negative LP-verified SAH (Sup-
plementary fig. 1).

Clinical management

Patients with either a CT- or LP-positive SAH within 
our catchment area were admitted to our NIC or neu-
rointermediate care unit. LP-verified SAH was defined 
as pathologically elevated blood-break-down products 

(oxyhemoglobin, bilirubin) and not just visual inspection 
(xanthochromia) of or high erythrocyte levels in the CSF. 
Most of these cases were admitted from a local hospi-
tal within our catchment area. To localize the source of 
bleeding, a CTA was performed first, both in CT- and LP-
verified cases. CTA was usually considered sufficient in 
peri-mesencephalic SAH cases if the first CT had been 
done early after ictus (within 24 h). CTA was also usually 
considered sufficient if SAH was verified with LP early 
after ictus. When the CTA was performed > 24 h after 
ictus in peri-mesencephalic SAH cases and LP-verified 
cases, a DSA was in general conducted in addition to 
the negative CTA. When the CTA was negative in cases 
with more extensive SAH, a DSA was also performed. In 
case of positive CTA findings for an underlying vascular 
pathology, this was considered sufficient work-up for some 
aneurysm cases, but usually a complimentary DSA was 
also done to better characterize the pathology before deci-
sion of treatment method. In cases with a high suspicion 
of aneurysmal rupture, but negative CTA and DSA, one or 
more examinations with CTA and/or DSA were performed 
within a few days to a week in between for re-evaluation.

The general NIC management of patients with SAH 
has been described in detail in previous studies [33, 38]. 
Unconscious patients were intubated and mechanically 
ventilated. Aneurysms were treated early by endovascular 
intervention or clipping to avoid rebleeding. All patients 
with CT-verified SAH were prescribed nimodipine for 3 
weeks, but this was terminated in perimesencephalic SAH 
if the vascular imaging did not diagnose an aneurysm. 
DIND was defined as a clinical neurological deterioration 
in consciousness or development of focal neurological def-
icits, after other causes such as hydrocephalus, rebleeding, 
and meningitis had been excluded. In intubated patients, 
neurological wake-up tests were done six times per day 
for timely detection of any neurological deterioration. In 
case of DIND, patients were given triple-H therapy [15]. 
External ventricular drains (EVD) were used for intrac-
ranial pressure monitoring and CSF drainage. Thiopental 
coma and/or decompressive craniectomy (DC) were used 
as last-tier treatments in case of refractory intracranial 
hypertension.

Data collection and analysis

Demographic, admission status, and treatment variables dur-
ing NIC were collected. The World Federation of Neuro-
surgical Societies (WFNS) scale was used to determine the 
neurological condition at admission [46]. The Fisher scale 
was used to classify and evaluate the amount of SAH on the 
initial head CT [29]. Time to diagnosis was defined as the 
time in days between ictus and diagnosis of SAH.



1849Acta Neurochirurgica (2023) 165:1847–1854 

1 3

Functional outcome

Specially trained personnel evaluated the functional outcome 
at 12 months post-ictus by a structured telephone interview 
with the patient (if they had recovered) or their next-of-
kin, using the Extended Glasgow Outcome Scale (GOS-E). 
GOS-E contains eight categories of outcome—from death 
(1) to upper good recovery (8) [20]. GOS-E was dichoto-
mized as favorable/unfavorable outcome (GOS-E 5-8/1-4).

Statistical analysis

Demography, admission variables, treatments, and clinical 
outcome were described as numbers (proportion) for cat-
egorical data and as medians (interquartile range (IQR)) for 
continuous data. Differences in these variables were ana-
lyzed between the CT- and LP-verified SAH groups, using 
the Mann-Whitney U-test or the Pearson’s Chi-square test, 
depending on the type of data.

A univariate logistic regression was done to determine 
the odds ratio (OR) and 95% confidence interval (CI) for 
having a DSA-verified vascular pathology, with age, sex, 
WFNS grade, and time from ictus to diagnosis, respectively, 
as the explanatory variables, in the LP-verified SAH cohort. 
The Spearman rank correlation test was used to evaluate 
the association between GOS-E and potentially explanatory 

variables, including age, sex, WFNS grade, time from ictus 
to diagnosis, vascular pathology, length of stay in the NIC/
neurointermediate care, and rebleeding in the LP-verified 
SAH group.

A p-value < 0.05 was considered statistically significant. 
All statistical analyses were conducted in software program 
SPSS Statistics version 27 (IBM Corp., Armonk, NY, USA).

Results

Demography, admission variables, and treatments

Out of 1280 patients with spontaneous SAH, 80 (6%) of 
these were CT-negative, LP-verified cases (Table 1) and 
the remaining 1200 were CT-positive cases. Those with 
a LP-verified SAH were younger (median (IQR) 53 years 
(41–64) vs. 59 years (50–68), p < 0.001) and exhibited a 
lower WFNS grade (median (IQR) 1 (1-1) vs. 2 (1–4), p 
< 0.001). The LP-verified SAH patients were diagnosed 
at a later stage from ictus than those with CT-verified 
SAH (median (IQR) 3 (1–6) vs. 0 (0–1) days, p < 0.001). 
Among the 80 LP-verified SAH patients, 15 (19%) had 
a vascular pathology (Tables 1 and 2). Thirteen of these 
were intracranial aneurysms (ACom=9, ICA=3, and 
the basilar tip=1) and two of these were arteriovenous 

Table 1  Demography, admission variables, treatments, and clinical outcome in relation SAH-diagnosis (CT- or LP-verified)

GCS M Glasgow Come Scale Motor Score, WFNS Word Federation of Neurosurgical Societies, IQR interquartile range, CTA  computed tomog-
raphy angiography, DSA digital subtraction angiography, AVM arteriovenous malformation, N/A not applicable
p-values in bold and italics indicate statistical significance

All patients CT-verified SAH LP-verified SAH p

Patients, n (%) 1280 (100%) 1200 (94%) 80 (6%) N/A
Age, median (IQR) years 59 (50-68) 59 (50-68) 53 (41-64) <0.001
Sex (female/male), n (%) 810/470 (63/37%) 760/440 (63/37%) 50/30 (63/38%) 0.88
Pupillary abnormality, n (%) 33 (3%) 33 (3%) 0 (0%) 0.13
WFNS grade, median (IQR) 1 (1-4) 2 (1-4) 1 (1-1) <0.001
Fisher grade, median (IQR) 3 (2-4) 3 (3-4) 1 (1-1) <0.001
Time to diagnosis, median (IQR) days 1 (0-1) 0 (0-1) 3 (1-6) <0.001
Bleeding source detected with CTA (aneu-

rysm/AVM/none/not performed), n (%)
874/12/372/22 (68/1/29/2%) 861/10/307/22 (72/1/26/2%) 13/2/65/0 (16/3/81/0%) <0.001

Bleeding source detected with DSA (aneu-
rysm/AVM/none/not performed), n (%)

735/15/284/246 (57/1/22/19%) 722/13/236/229 (60/1/20/19%) 13/2/48/17 (16/3/60/21%) <0.001

Vascular treatment for patients with a vas-
cular pathology (endovascular/surgical/
both/none), n (%)

660/188/10/63 (72/20/1/7%) 645/188/10/63 (71/21/1/7%) 15/0/0/0 (100/0/0/0%) 0.11

Rebleeding, n (%) 80 (6%) 78 (7%) 2 (3%) 0.15
Delayed ischemic neurologic deficit, n (%) 212 (17%) 212 (18%) 0 (0%) <0.001
Thiopental, n (%) 67 (5%) 66 (6%) 1 (1%) 0.10
Decompressive craniectomy, n (%) 57 (5%) 57 (5%) 0 (0%) 0.05
External ventricular drainage, n (%) 610 (48%) 607 (51%) 3 (4%) <0.001
Favorable/unfavorable outcome, n (%) 727/553 (57/43%) 656/544 (55/45%) 71/9 (89/11%) <0.001
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malformations (AVM). These vascular pathologies were 
seen both on CTA and DSA (Tables 1 and 2). For the 
remaining 65 patients with a negative CTA, 48 had a 
negative DSA and in 17 cases a DSA was not performed 
(Table 2). Among these 17 patients, 8 patients had a time 
between ictus and diagnosis of less than 24 hours.

The LP-verified patients with a diagnosed vascular 
pathology were treated with occlusion of the vascular 
pathology in all cases (100%). Among the CT-verified 
SAH patients with a diagnosed vascular pathology, embo-
lization/clipping was done in 93% of the cases. Thiopental 
(1% vs. 6%, p = 0.10) and DC (0% vs. 5%, p = 0.05) 
were less frequently used in the LP-verified SAH group as 
compared to the CT-verified group. Rebleeding occurred 
at a slightly lower rate (3% vs. 7%, p = 0.15) compared 
with the CT-verified SAH cases. In the LP-verified SAH 
cohort, the two rebleedings that occurred were in patients 
with a vascular pathology (both with an ACom aneu-
rysm). There were no reported cases of late rebleeding 
after the acute phase among the patients with LP-verified 
SAH. There was no case of DIND in the LP-verified SAH 
group (0% vs. 18%), p < 0.001). EVD was used in a sub-
stantially higher frequency among CT-verified patients 
(51% vs. 4%, p < 0.001).

Risk factors for a vascular pathology on DSA 
after LP‑verified SAH

In the LP-verified SAH cohort, age, sex, neurological sta-
tus at admission (WFNS), and time from ictus to SAH 
diagnosis were not associated with the risk to find a vas-
cular pathology on DSA, in univariate logistic regression 
analyses (Table 3). There was a trend towards a higher rate 
of positive DSA-findings when the time between ictus and 
diagnosis was longer (OR (95% CI) = 1.13 (0.98 -1.29), 

p = 0.09), but some of the LP-verified patients who were 
diagnosed within the first 48 h were also found to have an 
underlying vascular pathology (Fig. 1).

LP‑verified SAH and functional outcome

At 1 year, the majority (89%) had recovered to a favorable 
functional outcome in the LP-verified SAH cohort, which 
was higher than in the CT-verified SAH cohort (55%, p 
< 0.001). Good recovery was reached in 55% of the LP-
verified SAH cases (Fig. 2).

When the explanatory variables for clinical outcome 
were analyzed with univariate Spearman correlation in the 
cohort of LP-verified SAH cases (Table 4), those with a 
vascular pathology exhibited a lower GOS-E (r = -0.27, 
p = 0.02), as well as those with an EVD (r = -0.27, p 
= 0.02), but there were otherwise no association in this 
group between GOS-E and age, sex, length of stay in the 
NIC/neurointermediate care, time from ictus to diagnosis, 
WFNS grade, or rebleeding.

Table 2  CTA- and DSA-
findings

AVM arteriovenous malformation. CT computed tomography. CTA  CT angiography. DSA digital subtrac-
tion angiography. LP lumbar puncture. SAH subarachnoid hemorrhage

DSA-findings

CTA-findings Negative Aneurysm AVM Not performed Total

LP-verified SAH patients
Negative 48 (74%) 0 (0%) 0 (0%) 17 (26%) 65 (100%)
Aneurysm 0 (0%) 13 (100%) 0 (0%) 0 (0%) 13 (100%)
AVM 0 (0%) 0 (0%) 2 (100%) 0 (0%) 2 (100%)
Not performed 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (100%)
CT-verified SAH patients
Negative 233 (76%) 20 (7%) 3 (1%) 51 (16%) 307 (100%)
Aneurysm 3 (0.3%) 702 (82%) 0 (0%) 156 (18%) 861 (100%)
AVM 0 (0%) 0 (0%) 10 (100%) 0 (0%) 10 (100%)
Not performed 0 (0%) 0 (0%) 0 (0%) 22 (100%) 22 (100%)

Table 3  Risk factors for a pathological DSA-finding after LP-verified 
SAH – a univariate logistic regression analysis of unfavorable out-
come

CI confidence interval. DSA digital subtraction angiography. LP lum-
bar puncture. SAH subarachnoid hemorrhage. WFNS World Federa-
tion of Neurosurgical Societies

Variable Odds ratio (95%CI) p

Age (years) 0.99 (0.95-1.03) 0.64
Sex (female) 1.83 (0.53-6.38) 0.34
WFNS (grade) 2.01 (0.68-5.94) 0.21
Time to diagnosis (days) 1.13 (0.98 -1.29) 0.09
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Discussion

In this study including 1280 spontaneous SAH patients, 80 
patients exhibited a CT-negative LP-verified SAH and an under-
lying vascular pathology was found in almost one fifth of these 
patients. No risk factor was found for having an underlying vas-
cular pathology in the LP-verified SAH group. Consistent with 

the previous SAH literature showing that patients with small 
initial bleedings exhibit a better functional recovery, almost 
90% of the LP-verified SAH cases had a favorable recovery 
at 1 year. However, still, 45% of the cases did not reach good 
recovery, despite the small initial bleeding and a rather benign 
NIC course. This indicates that some of these LP-verified SAH 
patients warrant more attention and active neurological reha-
bilitation than what might have been anticipated.

LP‑verified SAH—frequency, patient characteristics, 
and clinical course

In this study, the patients with CT-negative, LP-verified 
SAH constituted 6% of the entire SAH cohort. Similar fre-
quencies have been reported in other studies as well [20, 
35, 44]. These patients were diagnosed at a later time point 
from onset of symptoms, as the time between ictus and CT-/
LP-diagnosis was in median 3 rather than 0 days for the CT-
verified cases. We do not have data explaining the cause of 
the delay. One explanation for the diagnostic delay could 
be that the initial bleeding did not elicit as severe symp-
toms, which led the patient to wait before seeking medical 
care [39]. Another explanation could be that some of these 
patients sought medical care in time, but due to doctor’s 
delay for various reasons the time to diagnosis was extended. 
If these patients would have sought care and done a CT at 
an earlier time point, the chances of it being positive would 
obviously have been higher since longer time from ictus 
allows the SAH to become isodense and CSF to dilute and 
flush away some of it [13, 22, 26, 40].

Fig. 1  Time from ictus to SAH diagnosis in relation to DSA-findings 
among LP-verified SAH patients. The stacked bar chart represents the 
number of days from ictus to SAH diagnosis in the LP-verified SAH 
cohort in relation to DSA-findings. Although the majority of cases 
with an early diagnosis (before day 4) were DSA-negative, there were 
still a few DSA-positive cases during this time. DSA = digital sub-
traction angiography. LP = lumbar puncture. SAH = subarachnoid 
hemorrhage

Fig. 2  Clinical outcome for the CT- and LP-verified SAH cases 
1-year post-ictus. The figure demonstrates clinical outcome (GOS-E) 
12 months post-ictus for those with CT- and LP-verified SAH. Those 
with a CT-verified SAH had a higher rate of mortality (17% vs. 3%), 
vegetative state (1% vs. 0%), lower severe disability (15% vs. 3%), 
upper severe disability (13% vs. 6%), and lower moderate disability 
(8% vs. 5%), whereas they had a lower rate of upper moderate dis-
ability (24% vs. 29%), lower good recovery (18% vs. 36%), and upper 
good recovery (5% vs. 19%). CT = computed tomography. GOS-E = 
Glasgow Outcome Scale-Extended. LP = lumbar puncture. SAH = 
subarachnoid hemorrhage

Table 4  Predictors of clinical outcome after LP-verified SAH – 
Spearman rank correlation test

Sex, 0 = male, 1 = female
Vascular pathology, 0 = no, 1 = yes, according to DSA
Rebleeding, 0 = no, 1 = yes
Length of stay = days spent in the NIC/neurointermediate care
Bold and italics indicate statistical significance
DSA digital subtraction angiography. LP lumbar puncture. NIC neu-
rointensive care. SAH subarachnoid hemorrhage. WFNS World Fed-
eration of Neurosurgical Societies

Variables GOS-E

r p

Age (years) -0.04 0.71
Sex (female) -0.15 0.18
Length of stay (days) -0.10 0.39
Time to diagnosis (days -0.02 0.84
WFNS (grade) -0.21 0.06
Vascular pathology (yes) -0.27 0.02
Rebleeding (yes) -0.11 0.32
External ventricular drainage (yes) -0.27 0.02
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Furthermore, the LP-verified patients were younger, in a bet-
ter neurological condition at admission (WFNS), exhibited a 
more benign NIC course with a lower rate of DIND and DC 
surgery, and recovered more favorably. This was highly expected 
and in agreement with the literature [31, 43] indicating that SAH 
patients with less visible blood on the initial CT exhibit a more 
favorable clinical course and recovery.

However, only 55% reached good functional outcome at 
1 year. Having a vascular pathology and an EVD increased 
the risk of poor functional outcome, possibly partly related to 
rebleeding and treatment complications. In addition, although 
DIND did not occur in the LP-verified SAH group, some 
patients might still have suffered from silent brain infarc-
tions [36]. All of these factors might have contributed to a 
worse outcome. It is also possible that LP-verified SAH in 
general was considered so benign that eventual problems, such 
as cognitive dysfunction and mood disturbances, were not 
sufficiently recognized and addressed. Consequently, these 
patients may warrant more follow-up and possibly neurologi-
cal rehabilitation than what has been anticipated. Although 
information on the symptoms exhibited by the patient post 
SAH was not gathered in this study, it is known that, e.g., 
attention and memory deficits, chronic fatigue, and behav-
ioral changes are common sequelae following aSAH [28]. 
It is likely that neurorehabilitation based on identifying the 
patient’s problems may be beneficial [21]. There are also 
some emerging adjunct therapies, such as repetitive transcra-
nial magnetic stimulation, which may enhance neurological 
recovery after acute brain injuries [12].

LP‑verified SAH and underlying vascular 
pathologies—how should these patients be 
investigated?

In this study, the LP-verified SAH cases had a guilty aneurysm 
or AVM in 19% of the cases. The literature is relatively scarce 
on the rate of LP-verified SAH cases with an underlying vas-
cular pathology. Previous studies have reported a wide range 
from 5 to 49% [3, 7, 8, 13, 19, 42, 48], which is likely explained 
by differences in the criteria for the LP-verified SAH diagnosis 
(visual inspection of xantochromia vs. biochemical analyses of 
CSF) and possibly differences in admission criteria and patient 
cohorts. No potential risk factors for finding a vascular pathol-
ogy on DSA in the LP-verified SAH cohort were found in this 
study. This was also largely consistent with the limited number 
of previous studies [3, 8]. Only Bakker et al, found that female 
patients with LP-verified SAH were more prone to have an 
underlying aneurysm [3]. In our data, there was a trend towards 
longer time to diagnosis and the risk of having a positive DSA-
finding, but several patients with LP-verified SAH diagnosed on 
day 0 and 1 were found to have a vascular pathology. Altogether 
it remains challenging to predict the rate of the LP-verified SAH 
patients that exhibit an aneurysm or AVM.

LP-verified SAH may be compared with perimesence-
phalic SAH, which is also a small bleeding, but extensive 
enough to be demonstrated on CT. Perimesencephalic SAH 
has a typical SAH distribution localized around the brain-
stem, which indicates a low-pressure bleeding, and is typi-
cally associated with negative vascular imaging studies and is 
rather explained by rupture of a small vein. LP-verified SAH 
may overlap with perimesencephalic SAH to some extent, 
e.g., for a patient with perimesencephalic SAH who waited 
a few days to seek medical care which allowed the CSF to 
flush and dilute the SAH making it no longer visible on CT. 
From a clinical point of view, the major difference with LP-
verified and perimesencephalic SAH is that CT imaging does 
not reveal any hemorrhage epicenter in the former group, 
which makes it more challenging to guide the search for an 
underlying bleeding source on vascular imaging.

Altogether, our results showed that LP-verified SAH patients 
were less likely to have an underlying vascular pathology, but it 
still occurred in one fifth of the patients and no risk factor could 
be identified for this. All vascular pathologies were detected on 
both CTA and DSA among the LP-verified SAH patients. It has 
been reported that the sensitivity of a CTA to detect an aneurysm 
is around 95% and that those which are missed are usually small 
(below 5 mm) [24, 32]. DSA remains the gold standard [16], but 
it also carries some risks of complications such as local bleeding 
and stroke [1]. Thus, if the unenhanced CT was done within 24 
hours from ictus and there were no particular risk factors for 
aneurysmal etiology (e.g., a combination of smoking, chronic 
arterial hypertension, heredity of SAH), and the CTA of high 
imaging quality was negative, we think this may be sufficient 
vascular work-up in case of LP-verified SAH. However, each 
case should be examined by a neurosurgeon and neurointerven-
tionist together, taking into account the clinical risk factors of 
aneurysmal etiology and the quality of available vascular imag-
ing, to decide whether a DSA is necessary [1, 17, 25].

Methodological considerations

The main limitation of this study was the single-center retro-
spective design. We abstained from multiple logistic regres-
sions due to the relatively limited number of LP-verified SAH 
cases (n = 80), and also because of the low number of DSA-
positive cases (n = 15) in the cohort. However, the number of 
cases were still comparable to the relatively limited literature 
of LP-verified SAH patients [3, 7, 8, 42, 48]. Furthermore, we 
did not proceed with more in-depth analyses of LP-findings 
(e.g., the exact biochemical findings regarding erythrocytes, 
oxyhemoglobin, and bilirubin etc.), because these data were 
not consistently available since most of the LPs had been 
done at the local hospitals. The diagnosis of LP-verified SAH 
was based on the combination of clinical symptoms and LP-
findings, however, it is possible that a few of these cases were 
false positives, e.g., due to increases in CSF bilirubin due to 
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non-hemorrhagic conditions or technical laboratory issues [5]. 
The patients were followed up at 12 months post-ictus, which 
can be considered as a short period of time to evaluate func-
tional outcome. A longer follow-up is to be preferred, but these 
data were not available. Furthermore, it is likely that the qual-
ity of the CT images differed among the patients, e.g., due to 
technical aspects and patient co-operation during imaging. This 
might have affected the chances of detecting SAH on CT to 
some extent. Lastly, it is possible that magnetic resonance imag-
ing (MRI) including, e.g., FLAIR and SWI sequences that are 
sensitive to blood-break-down products might have been able 
to detect SAH in CT-negative cases and could then perhaps also 
have aided in localizing the epicenter of the bleeding [27, 49].

Conclusions

Although LP-verified SAH cases more seldom exhibited an 
underlying vascular pathology, it was still found in almost 
one fifth of the patients, even for those who were CT-nega-
tive on day 0 and 1 post-ictus. No risk factor could be found 
for having an underlying vascular pathology. Almost 90% 
had recovered favorably at 1 year, but only 55% reached 
full recovery, despite the small bleeding and the generally 
benign NIC course. This indicates that these patients could 
favor from further neurological rehabilitation.
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