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Abstract

Background Volumetric assessment of aneurysmal bleeding has been evaluated in few studies and emerged as a promising
outcome predictor. There is a lack of studies evaluating its impact in the poor-grade population.

Methods Retrospective review of 63 consecutive poor-grade aneurysmal subarachnoid hemorrhage (aSAH) patients, defined as
grade IVand V according to the World Federation of Neurological Surgeons (WFNS) classifications. Global intracranial bleeding
volume was calculated with its subarachnoid, intracerebral (ICH), and intraventricular (IVH) portions by means of analytical
software. Univariate and multivariate analyses were performed in order to identify independent predictors of outcome. Good
outcome was defined as modified Rankin Scale (mRS) 0-2 and mortality as mRS 6. The cutoff values of bleeding volumes were
derived by receiver operating curve (ROC) analysis.

Results Mean follow-up was of 12.5 (+ 1.5) months. Thirty (47.7%) patients achieved good outcome, whereas 19 (30.2) patients
out of 63 died. Global intracranial bleeding resulted as an independent predictor of good outcome (cutoff 24 mL). Furthermore,
ICH relative percentage of global volume (10% of total) and pure SAH (64% of total) emerged respectively as independent
predictors of worsened and improved outcome. Global bleeding volume (cutoff 51 mL) along with global cerebral edema showed
to independently predict mortality in the examined poor-grade aSAH population.

Conclusions Volumetric assessment of aneurysmal bleeding has the potential for identifying cutoff values that independently
predict outcome. Further insights into the relative importance of different bleeding volumes may be implicated in better tailoring
the management of this dismal aSAH population.
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The amount of intracranial bleeding caused by cerebral aneu-
rysmal rupture has long been considered as a marker of sever-
ity of the disease and an outcome predictor [9, 22]. Effort has
been devoted to evaluate the subarachnoid component as a
prognosticator of delayed cerebral ischemia (DCI) and out-
come. The intracerebral, intraventricular, and subdural por-
tions have been less extensively studied and with conflicting
results [1, 3, 4, 11-13, 23, 25]. Several grading scales have
been introduced, the most widely applied being the Fisher’s
one along with its modifications, but they have been criticized
due to overlapping outcomes, cumbersome scoring process
partially or poor inter-rater agreement, and difficult applica-
tion in clinical routine practice [4, 9—11, 15—17]. Recently, the

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s00701-019-03846-z&domain=pdf
https://doi.org/10.1007/s00701-019-03846-z
mailto:panni.pietro@hsr.it

792

Acta Neurochir (2019) 161:791-797

automatic or semi-automatic evaluation of intracranial bleed-
ing has been the subject of a few studies which sought to
determine its relationship primarily with DCI occurrence
and, less frequently, with outcome [2, 10, 18, 21, 24]. Even
considering software-based differences in the adopted seg-
mentation protocol, the amount of intracranial bleeding pres-
ent on the initial CT scan was found to be an accurate predictor
of both DCI occurrence and outcome with different reported
cutoff values. Nevertheless, the relative importance of bleed-
ing distribution has not been consistently evaluated with stud-
ies combining cisternal and intraventricular bleeding and other
specifically addressing cisternal distribution [10, 18]. Besides,
none of the reported studies specifically examined the prog-
nostic importance of intracranial bleeding volume location in
the poor-grade aneurysmal subarachnoid hemorrhage popula-
tion. The volumetric evaluation of intracranial bleeding in the
poor-grade aSAH population may potentially identify out-
come predictors of great interest, notably considering the re-
ported historical trend of improved outcomes in modern series
addressing this fragile aSAH subpopulation [8, 19, 27, 29].

Material and methods
Participant’s selection and data collection

Among all aSAH patients admitted to our Department be-
tween January 2014 and January 2016 and prospectively in-
cluded in our database, data concerning 63 consecutive pa-
tients with poor-grade aSAH were retrospectively reviewed.
Treatment algorithm followed the previously reported guide-
lines [6]. Patients’ outcome was assessed and scored accord-
ing to the mRS scale by a neurosurgeon blinded to clinical
data. Patients’ data management was conducted in accordance
with the Declaration of Helsinki as revised in Edinburgh in
October 2000. Informed consent was obtained from the pa-
tient or nearest relative.

Study variables

Poor-grade aSAHs were recorded according to WFNS classi-
fication: the worst pre-treatment GCS score and clinical status
were used for WFNS grading. For each patient, data
concerning baseline and demographic features, clinical
course, evolution, and clinical outcome were recorded. Loss
of consciousness was defined as any sudden, abnormal alter-
ation of responsiveness to sensory stimuli at symptom onset
before patient intubation. It has been further classified as any
loss of consciousness irrespectively of its duration or as per-
sistent (patient unconscious at time of intubation), as previ-
ously reported [26]. Global cerebral edema has been defined
on the admission plain CT scan as complete or near-complete
effacement of the hemispheric sulci and basal cisterns, and
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bilateral and extensive disruption of the hemispheric gray—
white matter junction at the level of the centrum semiovale
[5, 14, 22]. Trained personnel of the neurosurgical department
unaware of the results of the present study assessed the mod-
ified Rankin Scale (mRS) at last follow-up, during face-to-
face interviews or via telephone conversations with the pa-
tient, their relatives, or their general practitioner. Good out-
come was defined as mRS scores from 0 to 2 and mortality as
mRS 6. The objective of the present analysis focused on base-
line variables looking for admission clinico-radiological inde-
pendent outcome predictors in the poor-grade aSAH
population.

Volumetric evaluation of intracranial hemorrhagic
burden

Whole-brain non-contrast-enhanced CT scans were performed
within 24 h since ictus for all patients. CT axial slices were
obtained for the selected patients on admission, then retrieved
from the institution’s digital archive system and stored as
DICOM files. Software-based semi-automatic segmentation
and volumetric quantification were carried out by two inde-
pendent neurororadiologists, using OsiriX MD (Osirix MD
9.0®, Pixmeo, Swiss). Both authors were blinded on the clin-
ical features of the patients, their outcomes, and each other’s
work. The determination of blood volume according to the
Region of Interest (ROI) methodology was based on a
tissue-specific threshold interval between 40 and 90
Hounsfield Unit, in order to avoid bone-related artifacts in
anatomically challenging regions like the skull base, and the
manual outline of areas of blood on each CT slice. The pixels
with a similar density in the neighboring areas were automat-
ically connected by the software. Hemorrhage volumes were
computed for the intraparenchymal, the intraventricular, and
the cisternal region, to be combined to have the total bleeding
volume. All volumes were calculated in milliliters obtained by
multiplying slice thickness by the hemorrhage area.
Maximum time spent to segment all ROI volumes in an indi-
vidual case did not exceed 15 min. Figure 1 shows examples
of volumetric evaluation of intracranial aneurysmal bleeding.

Statistical analysis

Quantitative variables are expressed as means (+ standard de-
viation) or medians, and categorical variables are expressed as
numbers (percentage). Normality of distributions was
assessed using histograms. Primary outcomes of the present
study were good outcome (mRS 0-2) and mortality (mRS 6)
at last follow-up. Bivariate comparisons between patient
groups were made using the Chi-square test or Fisher exact
test for categorical variables and Student’s ¢ test or Mann—
Whitney U test for quantitative variables as appropriate.
Inter-rater reliability was assessed by intra-class correlation
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Fig. 1 Examples of CT-segmentation in a case of packed intraventricular
hemorrhage (a) secondary to ACoA aneurysm rupture, predominant [CH
after MCA aneurysm rupture (b), and predominant diffuse thick cisternal

coefficient (ICC) analysis using an absolute agreement defini-
tion reporting ICC value, 95% confidence interval, and related
p value. Global volume of intracranial bleeding was consid-
ered as a scale continuous variable, while volumes of intrace-
rebral, intraventricular, or cisternal bleeding were reported as
both absolute volumetric values and relative percentages of
the global. ROCs were obtained for each of the aforemen-
tioned bleeding volume variables in order to define
prognostically associated cutoff values in the studied popula-
tion corresponding to the Youden index of each corresponding
curve. Factors significantly associated with outcome at last
follow-up (p < 0.05) in univariable analysis were entered into
binary logistic regression multivariable analysis model for di-
chotomized outcome (mRS 0-2 vs 3-6). Results of multivar-
iable modeling were expressed as p for significance, odds ratio
(OR), and 95% confidence interval (CI) after adjustment for
covariates. The results of the binary logistic regression model
were subjected to Hosmer-Lemeshow Test in order to evaluate
the proportional odds assumption of the model. Positive

hemorrhage in a case of ruptured ICA blister aneurysm (c¢). From right to
left: admission CT scan, bone removal, hemorrhage semi-automatic
segmentation

results were considered for p values lower than 0.05.
Outcome-predicted probabilities derived from binary logistic
regression analysis were plotted into ROC in order to detect its
sensitivity and specificity in the studied population and are
graphically available as Supplementary Material Figure 3
and 4. Statistical analysis was performed with SPSS software
(IBM Corporation, Released 2011, SPSS Statistics for
Macintosh, Version 20.0, Armonk, NY).

Results

Sixty-three consecutive poor-grade aSAH patients were man-
aged at our institution in the study period. Twenty-eight pa-
tients (44.4%) were classified as WFNS/HH grade IV and 35
(55.6%) as WFNS/HH grade V. Fisher grade 3 bleeding was
detected in 11 (17.5%) and grade 4 in 52 (82.5%) cases, re-
spectively. Forty-three (68.3%) patients underwent
endovascular treatment, while the remaining 20 (31.7%) were
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subjected to surgical clipping. Global cerebral edema was de-
tected in 9 cases (14.3%). DCI affected 15 patients (24.2%).
At last follow-up (mean =+ standard error, 12.5 + 1.5 months;
range, 1-45 months), 30 patients (47.6%) achieved a good
outcome (mRS 0-2), while the remaining 33 (52.4%) were
in poor conditions (MRS 3-6). The mortality rate was 30.2%.
Median global volume of intracranial bleeding resulted to
32.7 mL (IQR 23.5-51.0 mL); median global volume of
ICH, IVH, and cisternal bleeding were 19.12 mL (IQR 6.1—
31.4 mL), 32.9 mL (IQR 11.6-41.0 mL), and 22.7 mL (IQR
9.9-32.3 mL), respectively. Inter-observer agreement resulted
good (ICC 0.906, 95% C.1. 0.77-0.96, p <0.001). Table 1
shows the results of univariable analysis of admission
clinico-radiological factors associated with long-term out-
come. ROC-derived cutoff value of intracranial global bleed-
ing volume associated with outcome resulted 24 mL
(» <0.001). Cutoff values of ICH, IVH, and pure SAH bleed-
ing expressed as relative percentages of the global volume
with p values for association with outcome were 10%
(p<0.001), 11% (p =0.020), and 64% (p < 0.001) respective-
ly. ROC curves for global volume and relative percentage of
cisternal bleeding are reported as Supplemental Figure 1 in the
Supplementary Material. Table 1 shows also the results of
binary logistic regression multivariable analysis after
adjusting for covariates of independent outcome predictors.
Higher volumes of global bleeding (adjusted OR 0.198;
95% CI 0.045-0.863, p=0.031) and female sex (adjusted
OR 0.043; 95% CI 0.005-0.349, p=0.005) were indepen-
dently associated with long-term poor outcome, while higher
relative percentages of global volume represented by cisternal

bleeding resulted independently associated with good out-
come (adjusted OR 7.85; 95% CI 1.5-41.3, p=0.015).
Hosmer-Lemeshow test for the aforementioned model is
1.00. Table 2 shows the results of univariable analysis of ad-
mission clinico-radiological factors associated with mortality.
Considering reported intracranial bleeding sizes, only global
volume resulted statistically associated with increased mortal-
ity (p=0.002). ROC-derived cutoff values of intracranial
global bleeding volume associated with increased mortality
rate resulted 51 mL (p = 0.003). Intracerebral, intraventricular,
and cisternal bleeding expressed as relative percentages of the
global volume with p values for association with increased
mortality rate were 45% (p=0.184), 62% (p=0.114), and
25% (p =0.030), respectively. Higher volumes of intracranial
bleeding (cutoff 51 mL, OR 8.19, 95% CI 2.01-33.25, p=
0.003) and the presence on admission CT scan of global cere-
bral edema (OR 7.41, 95% CI 1.39-39.52, p =0.019) resulted
independent predictors of mortality (Table 2). The Hosmer-
Lemeshow test for the aforementioned model is 0.819. Scatter
plot showing predicted probabilities of mRS 0-2 according to
global volume and relative percentage of cisternal bleeding
(panel a) and mortality according to admission global volume
and global cerebral edema (panel b) is reported as Fig. 1.

Discussion

There is currently a lack of formal guidelines on the manage-
ment of poor-grade aSAH, forcing the need to define quanti-
fiable and reproducible factors impacting on outcome. Most

Table 1 Univariable analysis and multivariable binary logistic regression analysis of baseline factors associated with outcome at last follow-up

Univariable analysis

Multivariable analysis

Variables mRS 0-2, no. (%) mRS 3-6, no. (%) p value OR (95% CI) p value
Age 55.4+2.06 602+1.8 0.080 N.L -
Sex (M/F) 14/15 (48.3/51.7) 8/26 (23.5/76.5) 0.037 0.043 (0.005-0.349) 0.005
Fisher (3/4) 7/22 (24.1/75.9) 4/30 (11.8/88.2) 0.170 N.L -
WENS (4/5) 20/9 (69/31) 8/26 (23.5/76.5) <0.001 NS -
LOC global 15/14 (51.7/48.3) 25/6 (80.6/19.4) 0.017 NS -
LOC persistent 7/22 (24.1/75.9) 17/14 (54.8/45.2) 0.015 NS -
Global cerebral edema (Y/N) 2/27 (6.9/93.1) 7/27 (20.6/79.4) 0.160 N.L -
Acute DSA spasm (Y/N) 2/27 (6.9/93.1) 6/28 (17.6/82.4) 0.270 N.L -
Acute hydrocephalus (Y/N) 25/4 (86.2/13.8) 29/5 (85.3/14.7) 1.000 N.IL -
Global volume (cutoff 24 mL) 26.2 (18.04-38.6) 34.5(28.9-55.4) <0.001 0.198 (0.045-0.863) 0.031
Cisternal bleeding 64%* 26/2 (92.9/7.1) 16/17 (48.5/51.5) <0.001 7.85(1.5-41.3) 0.015
ICH bleeding 10%* 2/27 (6.9/93.1) 17/17 (50/50) <0.001 N.S. N.S
IVH bleeding 11%* 3/26 (10.3/89.7) 12/22 (35.3/64.7) 0.022 NS -

DSA digital subtraction angiography, /CH intracerebral hemorrhage, /VH intraventricular hemorrhage, LOC loss of consciousness, mRS modified Rankin
Scale, NS not significant, N/ not included in the multivariable analysis, WFNS world federation of neurosurgical society

*Values expressed as percentages of global volume
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Table 2 Univariable analysis and multivariable binary logistic regression analysis of baseline factors associated with mortality

Univariable analysis Multivariable analysis
Variables mRS 0-5, no. (%) mRS 6, no. (%) p value OR (95% CI) p value
Age 56.1+11 61.6+9.5 0.050 NS -
Sex (M/F) 26/18 (59.1/40.9) 15/4 (78.9/21.1) 0.108 N.L -
Fisher (4/3) 34/10 (77.3/22.7) 18/1 (94.7/5.3) 0.150 N.L -
WENS (5/4) 21/23 (47.7/52.3) 14/5 (73.7/26.3) 0.051 NS -
LOC global 26/18 (59.1/40.9) 14/2 (87.5/12.5) 0.035 NS -
LOC persistent 18/26 (40.9/59.1) 6/10 (37.5/62.5) 0.527 N.L -
Global cerebral edema (Y/N) 3/41 (6.8/93.2) 6/13 (31.6/68.4) 0.017 7.41 (1.39-39.52) 0.019
Acute DSA spasm (Y/N) 4/40 (9.1/90.9) 4/15 (21.1/78.9) 0.229 N.L -
Acute hydrocephalus (Y/N) 37/7 (84.1/15.9) 17/2 (89.5/10.5) 0.711 N.L -
Global volume (51 mL) 5/38 (11.6/88.4) 9/9 (50/50) 0.002 8.19 (2.01-33.25) 0.003
Cisternal bleeding 25%* 38/5 (88.4/11.6) 11/7 (61.1/38.9) 0.030 NS -
ICH bleeding 45%* 3/41 (6.8/93.2) 4/14 (21.1/78.9) 0.184 N.L -
IVH bleeding 62%* 4/40 (9.1/90.9) 5/14 (26.3/73.7) 0.114 NS -

DSA digital subtraction angiography, /CH intracerebral hemorrhage, /VH intraventricular hemorrhage, LOC loss of consciousness, NS not significant, N/

not included in the multivariable analysis, WFNS world federation of neurological surgeons

*Values expressed as percentages of global volume

importantly, these factors should be modifiable and an easy
target for patients’ management and outcome improval.
Global bleeding burden resulted as an independent predictor
of both clinical outcome and mortality in poor-grade aSAH.
Worth noting, it emerged independently from admission-
related (e.g., WFNS grade) or treatment (e.g., endovascular
treatment or surgical clipping) variables. Significantly, differ-
ent bleeding distributions do play a key role as outcome

predictors. A higher proportion of cisternal bleeding, which
implies a lower proportion of ICH or IVH bleeding, showed to
be independently associated with improved outcome in this
fragile subset of aSAH patients. Furthermore, global bleeding
burden along with global cerebral edema, which is a clear
representation of early brain injury on the admission CT scan,
emerged as independent mortality predictors. Interestingly,
even though reported average global intracranial bleeding
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Fig. 2 a Scatter plot of multivariable binary logistic regression analysis
derived predicted probabilities of achieving a good outcome (mRS 0-2)
according to global volume of intracranial bleeding (X-axis) and derived
cutoff values of relative percentages of cisternal bleeding 64%. As shown
by the interpolation quadratic curve, for a given intracranial bleeding
volume, a relatively higher proportion of subarachnoidal bleeding (>

Globalvolume

65%, triangles) is associated with a significantly higher chance of good
outcome. b Scatter plot of derived predicted probabilities of mortality
according to global volume of intracranial bleeding and global cerebral
edema. As shown by the interpolation quadratic curves, for a given
intracranial bleeding volume, the presence of global cerebral edema on
the admission CT scan is associated with higher probabilities of mortality
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volumes had higher values in our study as compared with
the ones reported by Lagares et al. [21] and Ko et al. [18],
likely reflecting the increased bleeding volume character-
izing the poor-grade aSAH context as compared with
WENS grades 1-3 [22], we found nonetheless a cutoff of
intracranial bleeding volume of 24 mL as an independent
outcome predictor in the studied population, which is con-
sistent with the 20-mL cutoff reported by Lagares et al. in
their analysis [21]. To the best of our knowledge, this is the
first study evaluating the volumetric importance of differ-
ent bleeding compartments in the poor-grade aSAH popu-
lation: for a given volume, the absence of IVH or ICH
bleeding (i.e., higher relative percentages of cisternal
bleeding distribution) seemed to be independently associ-
ated with improved outcome (Fig. 2, panel A). Of note, the
whole reported population has been scanned within the
first 24 h since bleeding. This is in contrast with what
previously described in volumetric studies that considered
the whole clinical grading distribution, further highlighting
the peculiarity of poor-grade aSAH [10, 18, 21, 24]. Even
though the relative impact of ICH and/or IVH bleeding in
aSAH context is still debated in literature, especially in the
context of the poor-grade population, it is reasonable to
consider that for a given global volume (24 mL), an
intra-axial damage (e.g., ICH) could more severely affect
clinical outcome than a predominant cisternal one [1, 3, 4,
11-13, 23, 25]. Interestingly, according to the results of our
study, we found that the importance of different bleeding
compartments matters up to a certain threshold of global
bleeding, above which it does not add any prognostic in-
formation. Global bleeding volume (cutoff 51 mL) and
global cerebral edema on the admission CT scan indepen-
dently predicted mortality in the studied poor-grade popu-
lation (Table 2, Fig. 2b), the best one to evaluate an impact
on mortality among aSAH patients. Our results are consis-
tent with previously reported data, being initial hemorrhag-
ic ictus, global cerebral edema, and loss of consciousness
key features of the so-called early brain injury phase in
aSAH [5]. Global cerebral edema, when dichotomizing
the outcome as mRS 0-2 versus mRS 3-6, did not emerge
as an independent outcome predictor, possibly because of
the small number of patients included. Nevertheless, global
cerebral edema was strongly associated with high mortality
(OR 7.41, 95% CI 1.39-39.52). Actually, even though
global cerebral edema was associated with loss of con-
sciousness on univariate analysis (p =0.043), neither
bleeding volumes nor any of their derived cutoff values
resulted statistically associated with global cerebral edema
(p > 0.05). Even though a significant proportion of our pa-
tients (57.1%) presented with IVH, in line with previous
data that suggest a higher percentage of [IVH and severity
in the poor-grade population, it did not result as an inde-
pendent outcome predictor in the studied poor-grade
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population on multivariate analysis [7]. Besides glial re-
sponse and ischemia, emerging evidence relates acute in-
tracranial bleeding in SAH to both focal and widespread
axonal injury, highlighting similarities with traumatic brain
injury [20, 28]. The role of the ventricular space as a po-
tential buffer protecting against barotrauma has been sug-
gested [28]. Female sex emerged as an independent predic-
tor of worsened outcome according to our multivariate
analysis. Notwithstanding previous reports [30], this asso-
ciation is explained by the large predominance of female
patients (65.1%) in our population and the fact that women
more often were affected by ruptured middle cerebral ar-
tery (MCA) aneurysms with large associated ICH, plus
they were more frequently grade V on admission. The role
of potential collinearity cannot be conclusively ruled out
even by applying multivariate analysis. Side of ICH did not
emerge as significantly impacting outcome or mortality in
the studied population. This is consistent with the afore-
mentioned thesis implying that global volume plays a more
significant role than other bleeding-related variables even
though the limited number of included patients with ICH
could theoretically represent a source of bias.

This study is limited by its single-center and retrospective
nature.

All considered, the aforementioned results can have a di-
rect implication in the operative management of this fragile
subset of patients. Aggressive CSF-diversion, intrathecal lytic
therapy, surgical clot evacuation can be tailored on the basis of
volumetrically derived prognostic cutoff values of bleeding
volumes (ICH, IVH, or purely cisternal). Future studies are
eagerly awaited in order to further establish volumetrically
derived cutoff values of bleeding compartments with prognos-
tic significance.
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