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Background: Patients with good-grade subarachnoid hemorrhage (SAH) often expect favorable outcomes; 
however, several patients may experience secondary neurological deterioration. Hydrocephalus and 
vasospasm are significant complications affecting SAH prognosis. We aimed to evaluate the relationship 
between the incidence of symptomatic vasospasm or hydrocephalus and the Hounsfield unit (HU) value of 
the subarachnoid space on brain computed tomography (CT) in patients with good-grade SAH treated with 
endovascular coiling.
Methods: We conducted a retrospective analysis of consecutive initially good-grade pure SAH patients 
(Hunt-Hess grade I or II, modified Fisher scale I or III) with ruptured anterior circulation aneurysms treated 
with endovascular coiling in a single tertiary neurosurgical center between January 2010 and December 2019. 
The HU value within each cisterns of enrolled patients was measured, and after setting an appropriate cutoff 
value, it was investigated whether it could be a predictor of the occurrence of vasospasm and hydrocephalus.
Results: The study included 108 eligible patients (34 males, mean age 60.88±12.26 years): 26 (24.1%) 
showed symptomatic vasospasm and 31 (28.7%) developed hydrocephalus. Patients with symptomatic 
vasospasm had a greater proportion of those with Hunt-Hess grade II (77% vs. 51%, P=0.021) and modified 
Fisher scale III scores (58% vs. 22%, P=0.001). The hydrocephalus group presented an older mean age 
(65.90 vs. 58.86 years, P=0.006) and a greater proportion of Hunt-Hess grade II (74% vs. 51%, P=0.025) and 
modified Fisher scale III cases (45% vs. 25%, P=0.037). The mean HU values of the Sylvian cistern (53.23 
vs. 43.99, P<0.001) and basal cisterns (47.04 vs. 40.18, P=0.003) were higher in the vasospasm group. In the 
hydrocephalus group, only the basal cistern HU value was significantly higher (45.60 vs. 40.32, P=0.016). 
The area under the receiver operating characteristic (ROC) curve to determine the best cut-off HU value 
for the prediction of patients with symptomatic vasospasm revealed a Sylvian cistern HU value of 50.375 
(sensitivity: 0.692, specificity: 0.683) and basal cistern HU value of 44.875 (sensitivity: 0.615, specificity: 
0.659). Multivariable logistic analysis showed that age >70 years and Sylvian cistern HU value were 
independent predictors of any neurological complication at 1 year.
Conclusions: The HU value of the subarachnoid space on brain CT can predict vasospasm, 
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Introduction

In the last three decades, new management strategies, such 
as endovascular coiling, have been developed for intracranial 
aneurysms patients. However, subarachnoid hemorrhage 
(SAH) caused by a ruptured intracranial aneurysm shows 
high morbidity and mortality (1,2). Functional outcomes 
after aneurysmal SAH are strongly influenced by the 
patient’s initial clinical presentation, as evaluated by 
clinical grading systems such as the Hunt and Hess (H-H) 
grade or the World Federation of Neurological Surgeons 
scores (3-5). Good-grade aneurysmal SAH patients are 
generally considered to have good clinical outcomes. 
However, approximately 20% of patients have unfavorable 
outcomes (6,7). Previous studies have reported that old age, 
hydrocephalus, delayed cerebral ischemia or vasospasm, 
pneumonia, and meningitis predict poor prognosis in 
good-grade SAH patients (6,7). Among them, vasospasm 
and hydrocephalus, which are significant complications of 
SAH, are known to be closely related to the subarachnoid 
hematoma volume at the time of admission (8-10). 
However, it is difficult to quantitatively measure the volume 
of subarachnoid hematoma, and the subarachnoid space 
volume differs depending on the individual or age. The 
Hounsfield unit (HU) value of brain computed tomography 
(CT) reflects hematoma density (11,12) and might be 
an appropriate quantitative and objective parameter for 
predicting vasospasm or hydrocephalus. 

This study aimed to evaluate the relationship between 
the incidence of symptomatic vasospasm or hydrocephalus 
and the HU value of the subarachnoid space in good-grade 
SAH patients treated with endovascular coiling. We present 
this article in accordance with the STARD reporting 
checklist (available at https://qims.amegroups.com/article/
view/10.21037/qims-23-355/rc).

Methods

Patient population

This study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). The study was 
reviewed and approved by the Institutional Review Board 
of Jeonbuk National University Hospital (No. CUH 2023-
02-058). Informed consent was not required because of the 
retrospective nature of the study and, thus, waived by the 
Ethics Committee of Jeonbuk National University Hospital. 
We identified 108 eligible patients with SAH admitted to 
the hospital between January 2010 and December 2019 
using the following inclusion criteria: (I) aneurysmal 
SAH confirmed by CT within 24 h of symptom onset; 
(II) anterior circulation aneurysm demonstrated by CT 
angiography (CTA); (III) patients treated with endovascular 
coiling in the first 48 h after ictus; (IV) patients with H-H 
grade I or II; and (V) patients with only pure SAH (modified 
Fisher scale I or III). Patients with intraventricular 
hemorrhage (IVH) or intracerebral hemorrhage (ICH) 
were excluded; cases with procedure-related complications 
(intraoperative rupture, ischemic complication) or patients 
with previous SAH history were also excluded from the 
study (Figure 1).

Baseline and imaging data acquisition 

Patient age, sex, neurological status at admission, as 
measured by the H-H grade, and risk factors were obtained 
from their medical records. The modified Fisher scale and 
aneurysmal location were assessed using brain CT and CTA 
with a multi-slice CT scanner (SOMATOM Sensation 16;  
Siemens, Erlangen, Germany). The HU value was 
determined using axial CT imaging with a 5-mm slice 
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thickness. The region of interest (ROI) was set as a circle 
with a diameter of 1–1.5 mm in the most hyperdense part 
within the cistern, as described in previous study (13). The 
HU value of the basal cistern was the average of the ROI 
values of the bilateral carotid, interpeduncular, and lamina 
terminalis cisterns on CT axial imaging, with the basal 
cistern visible (Figure 2A). The HU value of the Sylvian 
cistern was measured as the average ROI of the bilateral 
medial and lateral Sylvian cistern (Figure 2B). The site and 
average ROI value measuring the HU values were assessed 
via an agreement of the two measurers (JSP, HGK). One 
measurer (JSP) worked for 16 years and the other measurer 
(HGK) worked for 15 years.

Outcome assessment

Symptomatic vasospasm was defined as previously described: 
(I) presence of neurological worsening 4–14 days after SAH, 
including focal deficit, decline in consciousness, and motor 
paresis; (II) no other identifiable cause (intracranial disorder 
and systemic complication) of neurological worsening; and 
(III) confirmation of vasospasm by medical examinations, 
including evidence of vasospasm on cerebral angiography, 
CTA, and magnetic resonance angiography (14). All 
patients with vasospasm underwent induced hypertension. 
If necessary, they also received chemical angioplasty by 
using nicardipine. Hydrocephalus was defined as (I) a 
higher increase in ventricular size on follow-up CT than 
on CT at the time of admission; (II) ventriculocranial ratio 
larger than the 95th percentile for age (15); and (III) patients 
requiring temporary cerebrospinal fluid (CSF) diversion 

or permanent ventriculoperitoneal shunt. This study also 
defined the case where permanent shunt was not performed 
as hydrocephalus considering that even if temporary CSF 
diversion was required, acute ventricular enlargement 
affecting neurological symptoms was present. The clinical 
outcome was assessed using the modified Rankin scale (mRS) 
at 1-year follow-up, and any neurological complication after 
SAH was defined as a mRS score of 1–5.

Statistical analysis 

Statistical analysis was performed using the SPSS software 
(version 21.0; IBM SPSS, Chicago, IL, USA). Patients 
were grouped according to the incidence of symptomatic 
vasospasm and hydrocephalus, and baseline data were 
compared. Continuous variables were summarized as median 
± standard deviations or means with ranges, and categorical 
variables were summarized as counts and percentages. We 
performed a univariate comparison of the groups using 
an independent t-test or Wilcoxon rank-sum test for 
continuous variables and Pearson χ2 test or Fisher’s exact test 
for categorical variables. Receiver operating characteristic 
(ROC) curve analysis and area under the curve (AUC) 
were used to determine whether HU values were significant 
predictors of symptomatic vasospasm or hydrocephalus. 
Additionally, we used ROC curve analysis to identify the 
optimal cut-off points using the Youden index [maximal point 
of (sensitivity + specificity − 1)] to discriminate patients with 
symptomatic vasospasm. Multivariable logistic regression 
analyses were performed, including variables with a P value 
≤0.2 as independent variables in the univariate analysis and 

Aneurysmal subarachnoid hemorrhage between January 2010 and December 2019 (n=439)

Without brain CT scan within 24 hours (n=53)

Posterior circulation aneurysmal rupture (n=63)

Hunt-Hess grade ≥III or modified Fisher grade II, IV (n=157)

Did not treated with endovascular coiling (n=48)

Procedure-related complication or previous SAH (n=10)

Final enrolled patients (n=108)

Figure 1 Flow chart of this study. CT, computed tomography; SAH, subarachnoid hemorrhage.
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any neurological complications at 1 year (mRS 1–5) as the 
dependent variable. Statistical significance was defined as a 
two-tailed P value <0.05. 

Results

Patients’ baseline characteristics are summarized in Table 1. 
Of the 108 eligible patients, 34 (31%) were males [mean age, 
60.9±12.3 years; H-H grade I, 46 (43%); modified Fisher 
scale I, 75 (69%)]. Symptomatic vasospasms developed in 
26 patients (24%). There were significantly more H-H 
grade II patients [20/26 (77%) vs. 42/85 (51%), P=0.021] 
and more modified Fisher scale III patients [15/26 (58%) 
vs. 18/82 (22%), P=0.001] in the symptomatic vasospasm 
group. Hydrocephalus developed in 31 (29%) patients. 
Patients in the hydrocephalus group were significantly older 
than those in the non-hydrocephalus group (65.9±12.3 vs. 
58.9±11.7, P=0.006). The hydrocephalus group showed a 
higher proportion of H-H grade II [23/31 (74%) vs. 39/77 
(51%), P=0.025] and modified Fisher scale III [14/31 (45%) 
vs. 19/77 (25%), P=0.037] than did the non-hydrocephalus 
group (Table 1). 

Table 2 presents the distribution of mean HU values for 
basal and Sylvian cisterns. The symptomatic vasospasm 
group showed a significantly higher HU value on basal 
(47.04±10.62 vs. 40.18±9.83, P=0.003) and Sylvian cisterns 
(53.23±11.00 vs. 43.99±10.81, P<0.001) than the non-
symptomatic vasospasm group. Based on the development 
of hydrocephalus, only the HU value of the basal cistern 
was significantly higher (45.60±10.61 vs. 40.32±9.99, 
P=0.016) in the hydrocephalus group (Table 2). 

AUC-ROC curve analysis revealed a slightly higher 
predictive value of symptomatic vasospasm for the HU value 
of the Sylvian cistern (AUC =0.757; 95% CI: 0.63–0.88; 
P<0.001) than for the HU value of the basal cistern (AUC 
=0.716; 95% CI: 0.60–0.74; P=0.001). We determined that 
the best cut-off point was 44.875 and 50.375 for the basal 
and Sylvian cistern HU values, respectively, to maximize the 
sensitivity and specificity for discriminating patients with 
symptomatic vasospasm (Table 3). Using these HU cut-off 
values, we investigated the baseline variables as independent 
prognostic factors for any neurological complication at 
1 year (1-year mRS 1–5). Multivariable logistic analysis 
showed that age >70 years [odds ratio (OR) =10.85; 95% 
CI: 1.95–60.53; P=0.007] and HU value of Sylvian fissure 
≥50.375 (OR =10.98; 95% CI: 1.02–118.49; P=0.048) were 
independent predictors of any neurological complications 
at 1 year in good-grade patients with ruptured aneurysm 
of anterior circulation treated with endovascular coiling  
(Table 4).

Discussion

In the present study, we evaluated the relationship between 
symptomatic vasospasm or hydrocephalus incidence 
and the HU value of the subarachnoid space in good-
grade SAH patients (H-H grade I or II) treated with 
endovascular coiling. The mean HU value of the basal and 
Sylvian cisterns on brain CT at admission was significantly 
correlated with the development of symptomatic vasospasm. 
Hydrocephalus development was significantly associated 
with the HU value of the basal cistern. 

A B

Figure 2 Brain CT imaging showing the location where the HU value was measured. (A) The HU value of the basal cistern was measured 
as the average of the ROI values of the bilateral carotid cistern (arrows), interpeduncular cistern (arrowhead), and lamina terminalis cistern 
(dotted arrow). (B) The HU value of the Sylvian cistern was measured as the average ROI of the bilateral medial (arrows) and lateral 
(arrowheads) Sylvian cistern. CT, computed tomography; HU, Hounsfield unit; ROI, region of interest. 
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Takeda et al. reported that the CSF space volume began 
increasing exponentially with age in patients after their 30s 
and increased by approximately six times among patients 
in their 80s compared to those in their 30s (16-19). Hence, 
the volume of subarachnoid hematoma seen on brain CT 

may differ according to age. We measured the HU value 
of the subarachnoid space (basal and Sylvian cisterns), 
following the quantitative evaluation of the subarachnoid 
hematoma volume, to compensate for these problems. Blood 
clot contraction increases hematocrit within the hematoma, 

Table 1 Baseline characteristics of patients

Variables
Overall 
(n=108)

Symptomatic vasospasm Hydrocephalus

Yes (n=26) No (n=82) P value Yes (n=31) No (n=77) P value

Mean age (years) 60.9±12.3 64.4±13.0 59.8±11.9 0.094 65.9±12.3 58.9±11.7 0.006

Men 34 [31] 8 [31] 26 [32] 0.928 6 [19] 28 [36] 0.085

H-H grade 0.021 0.025

I 46 [43] 6 [23] 40 [49] 8 [26] 38 [49]

II 62 [57] 20 [77] 42 [51] 23 [74] 39 [51]

Modified Fisher grade 0.001 0.037

I 75 [69] 11 [42] 64 [78] 17 [55] 58 [75]

III 33 [31] 15 [58] 18 [22] 14 [45] 19 [25]

Aneurysm location 0.203 0.914

ICA 49 [45] 11 [42] 38 [46] 15 [48] 34 [44]

ACA 51 [47] 11 [42] 40 [49] 14 [45] 37 [48]

MCA 8 [8] 4 [16] 4 [5] 2 [7] 6 [8]

Risk factors

Hypertension 43 [40] 9 [35] 34 [41] 0.534 14 [45] 29 [38] 0.471

Smoking 33 [31] 4 [15] 29 [35] 0.054 7 [23] 26 [34] 0.254

Values are the number of patients [%] or mean ± standard deviation. H-H, Hunt and Hess; ICA, internal cerebral artery; ACA, anterior 
cerebral artery; MCA, middle cerebral artery.

Table 2 Hounsfield unit value according to incidence of vasospasm or hydrocephalus

Variables
Overall 
(n=108)

Symptomatic vasospasm Hydrocephalus

Yes (n=26) No (n=82) P value Yes (n=31) No (n=77) P value

Basal cistern 41.83±10.40 47.04±10.62 40.18±9.83 0.003 45.60±10.61 40.32±9.99 0.016

Sylvian cistern 46.22±11.51 53.23±11.00 43.99±10.81 <0.001 49.44±9.47 44.92±12.04 0.064

Values are the number of patients (%) or mean ± standard deviation.

Table 3 ROC curve analysis of HU cut-off value of symptomatic vasospasm

Variables (HU) AUC (95% CI) P value Best cutoff value Sensitivity Specificity

Basal cistern 0.716 (0.60–0.84) 0.001 44.875 0.615 0.659

Sylvian cistern 0.757 (0.63–0.88) <0.001 50.375 0.692 0.683

ROC, receiver operating characteristic; HU, Hounsfield unit; AUC, area under the curve: CI, confidence interval. 
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Table 4 Variables associated with any neurological complication (mRS 1–5)

Variables
Univariate analysis Multivariable analysis

Odds ratio (95% CI) P value Odds ratio (95% CI) P value

Age >70 years 5.79 (1.94–17.32) 0.002 10.85 (1.95–60.53) 0.007

Hypertension 1.89 (0.67–5.35) 0.233 – –

Smoking 0.44 (0.12–1.63) 0.218 – –

H-H grade II 15.65 (1.99–123.01) 0.009 11.75 (0.96–143.30) 0.054

Modified Fisher grade III 4.21 (2.15–8.24) <0.001 1.76 (0.74–4.17) 0.198

Mean HU of Sylvian cistern ≥50.375 16.88 (3.61–78.80) <0.001 10.98 (1.02–118.49) 0.048

Mena HU of basal cistern ≥44.875 6.61 (1.99–22.00) 0.002 1.30 (0.22–7.55) 0.773

mRS, modified Rankin Scale; CI, confidence interval; H-H, Hunt and Hess; HU, Hounsfield unit. 

resulting in increased HU value on the CT scan (20). 
Therefore, the HU value for the subarachnoid clot can 
reflect actual hematoma concentration by supplementing 
the volume of various subarachnoid spaces by age or the 
mixing problem of CSF and hematoma. Additionally, HU 
value analysis provided sufficient objectivity and good inter-
rater reliability. 

The relationship between symptomatic vasospasm and 
the density of subarachnoid clots in SAH patients has been 
investigated. Kanazawa et al. found that a mean CT value 
≥49.64 HU predicted cerebral vasospasm with acceptable 
sensitivity and specificity (21). Ishihara et al. reported a 2.0 
OR per 5 HU increase in symptomatic vasospasm (22).  
Suzuki et al. reported that an HU value >60 for the 
highest density area was significantly correlated with the 
development of cerebral infarction (23). However, these 
studies included all SAH patients regardless of their initial 
neurological status. In addition, patients with IVH were 
included. The initial severity of clinical presentation is the 
strongest prognostic indicator in SAH patients, and a poor 
H-H grade is strongly associated with the development 
of vasospasm (24,25). Notably, IVH is closely related to 
the development of hydrocephalus and vasospasm in SAH 
patients (10,26). Therefore, to reduce variables that could 
influence the outcome, we limited the study population to 
patients with good grades (H-H grade I or II) and those 
without IVH (modified Fisher scale I or III). Additionally, 
to minimize the variables depending on the treatment 
method or location of the ruptured aneurysm, this study 
was conducted only on patients with anterior circulation 
aneurysms who had undergone endovascular treatment. 
In contrast to previous studies, we measured the HU 
value by dividing the basal and Sylvian cistern values. 

Measured values from several sites were averaged for each 
measurement to reduce the bias caused by selecting a 
specific area. This study confirmed that the high HU values 
of the Sylvian and basal cisterns observed on initial brain 
CT at admission significantly correlated with the incidence 
of symptomatic vasospasm. By contrast, only the HU value 
of the basal cistern was significantly correlated with the 
occurrence of hydrocephalus. 

In our study,  s imilar  to previous research,  the 
hydrocephalus group had a higher mean age, and there 
were more patients with modified Fisher grade III. 
However, as mentioned earlier, the increase in age can 
affect the overestimation of the hematoma volume seen in 
the initial brain CT by expanding the subarachnoid space. 
The measurement of HU values is more objective and 
not affected by patient-specific factors according to age. 
Mijderwijk et al. reported that the HU difference in the 
basal cisterns was more significant than in the peripheral 
subarachnoid space in the shunt-dependent hydrocephalus 
group of SAH patients and accelerating the clearance of 
blood in the basal cisterns might potentially prevent the 
development of chronic hydrocephalus after SAH (27-29).  
We can confirm that only the HU value of the basal 
cistern had a significant correlation with the incidence of 
hydrocephalus. This is thought to be due to basal hematoma 
directly affecting the normal CSF pathway, consistent with 
a previous study’s finding. 

We set an appropriate cut-off HU value that can 
predict symptomatic vasospasm through AUC-ROC 
curve analysis. Subsequently, multivariate logistic analysis 
was performed, including this cut-off value. Modified 
fissure grade III or H-H grade II showed no statistical 
significance as prognostic factors, whereas the HU value of 
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the Sylvian cistern could be a predictor of the occurrence of 
neurological complications after 1 year. 

In SAH patients, the HU value of the subarachnoid 
space measured by initial brain CT can be an objective, fast, 
and effective method compared to the somewhat subjective 
clinical or radiological grading system. In particular, good-
grade SAH patients with a good initial neurological status 
will help predict, prepare, and rapidly treat symptomatic 
vasospasm and hydrocephalus. These complications can 
abruptly worsen the patient's condition. Furthermore, even 
in patients with initially good grade SAH, if the HU value 
of subarachnoid space hematoma is high, more aggressive 
induced hypertension can be performed to prevent 
vasospasm, and more preemptive CSF diversion to prevent 
hydrocephalus may be considered. 

Our study had several limitations, including a relatively 
small sample size. The single-center retrospective study 
design may have acted as a selection bias in the patient 
population setting. Although HU value measurement is 
objective and has good inter-rater reliability, subjectivity 
may be involved depending on the ROI’s location. To 
analyze the prognostic factors of clinical outcomes, we 
investigated the predictive value of the variable for any 
neurological sequelae (mRS 1–5) after 1 year. However, 
an mRS of 1–5 does not indicate a poor prognosis. This 
was because a relatively small number of patients showed 
poor outcomes in the statistical analysis. However, it 
would be meaningful to identify predictors of neurological 
sequelae, especially in good-grade SAH patients. The 
mRS on admission was not assessed. However, since our 
study included only patients with H-H grade I or II, most 
patients with an initial mRS ≥1 would have been excluded 
from the study. And also, it is difficult to directly apply 
HU as a predictor of long-term prognosis. However, our 
study evaluated whether HU measurement could predict 
vasospasm or hydrocephalus in the acute stage. We believe 
that this prediction and preemptive response will help us 
treat patients better.

Conclusions

Using the HU value, subarachnoid blood clot density 
measurement can be an objective predictor of symptomatic 
vasospasm and hydrocephalus in good-grade SAH patients. 
In addition, an appropriate cut-off value for the HU value 
can be used as a prognostic factor for long-term clinical 
outcomes. It is thought that a large-scale, systematic 
prospective study is needed based on our findings.
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