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Abstract

Background: The VASOGRADE is a simple aneurysmal subarachnoid hemorrhage (aSAH) grading scale that com-
bines the modified Fisher scale (mFisher) and the World Federation of Neurological Societies (WFNS) grading system,
allowing the stratification of delayed cerebral ischemia (DCl) risk. However, the VASOGRADE accuracy in predicting
functional outcomes is still to be determined.

Methods: We retrospectively evaluated a multiethnic cohort of consecutive patients with aSAH admitted to a
high-volume center in Brazil from January 2016 to January 2019. Patients were classified according to the severity of
the clinical presentation (WFNS), the amount of blood in the initial head computerized tomography (mFisher) scan,
and the VASOGRADE (green, yellow, red). The primary outcome was to detect DCl-related cerebral infarction, and the
secondary outcome was the functional outcome at hospital discharge according to the modified Rankin scale (mRs).
Univariate and multivariate logistic regression models were employed.

Results: A total of 212 patients (71.7% female, mean age 52.7 £ 12.8) were included. Sixty-nine patients were clas-
sified as VASOGRADE-Green (32.5%), 98 patients as VASOGRADE-Yellow (46.9%), and 45 patients as VASOGRADE-Red
(20.6%). DCl-related infarction was present in 39 patients (18.9%). The proportions of patients in the VASOGRADE-
Green, VASOGRADE-Yellow, and VASOGRADE-Red categories with DCl-related infarction were 7.7, 61.5, and 30.8%,
respectively. After a multivariable analysis including age, sex, aneurysm location, and the VASOGRADE classification
as variables, both VASOGRADE-Yellow and VASOGRADE-Red were independently associated with DCl-related infarc-
tion (odds ratio [OR] 7.69, 95% confidence interval [Cl] 2.13-27.8, and OR 8.07, 95% Cl 2.03-32.11, respectively) and
unfavorable outcome (OR 4.16, 95% Cl 1.33-13.03, and OR 25.57, 95% Cl 445-147.1, respectively). The VASOGRADE
discrimination performance for DCl-related infarction (area under the receiver operating characteristic curve) was

L 0.67 £0.04 (95% C10.58-0.75; p =0.001). VASOGRADE-Red had 97.5% specificity for predicting an unfavorable mRs
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score at discharge (95% Cl 92.8-99.5%). Conversely, VASOGRADE-Green had an excellent specificity for predicting
favorable outcome at discharge (mRs score 0-2, 95% Cl 82.6-95.5%).

Conclusions: In conclusion, in a multiethnic cohort of patients with aSAH, VASOGRADE-Green predicted the absence
of DCl and good clinical outcome at discharge with very high specificity, and patients in this category might be
selected for early intensive care unit (ICU) discharge, minimizing costs and medical complications associated with
prolonged hospital stay. On the other hand, patients categorized as VASOGRADE-Yellow and VASOGRADE-Red were

at the highest risk for DCI. They should, therefore, be selected as a priority for care in high-volume aSAH centers, being
aggressively monitored for DCl at the ICU. Such stratification methods are crucial, especially in countries with low
financial resources and high health care services demand.

Keywords: Aneurysmal subarachnoid hemorrhage, Delayed cerebral ischemia, VASOGRADE

Introduction

Aneurysmal subarachnoid hemorrhage (aSAH) is the
cause of 3% of all stroke cases in the United States, and it
has a major societal impact because it reaches economi-
cally active people, with peak of incidence at the fifth
decade of life [1]. Mortality ranges from 8 to 67%, and
approximately 50% of patients will have permanent neu-
rological deficits [2].

After rebleeding, delayed cerebral ischemia (DCI) is a
major cause of unfavorable outcomes, mainly in the first
2 weeks after the initial bleeding. It occurs in up to 30%
of patients, and half of it evolves with an unfavorable out-
come, death, or dependence on activities of daily living
[3, 4]. Although DCI has been traditionally associated
with angiographic vasospasm, its pathophysiology seems
multifactorial, including large vessel spasms, micro-
thrombosis, microcirculation dysfunction, inflammation,
and cortical spreading depression [4—7].

DCI is defined as a new neurological focal sign or a
worsening of the level of consciousness, presumably
related to ischemia, that lasts for at least 1 h and that
cannot be explained by other causes [8, 9]. Concern for
this major complication is one of the main reasons why
patients are kept in the intensive care unit (ICU) for sev-
eral days for close monitoring, even when the aneurysm
is secured [3, 10]. Monitoring of the occurrence of vasos-
pasm includes using high-cost tools such as transcranial
Doppler (TCD), cerebral angiography, and computed
tomography (CT), CT angiography, and CT perfusion of
the head [8].

Thus, an accurate method to predict DCI risk and clini-
cal outcomes at discharge is useful not only for standard-
izing treatment protocols, but also to safely discharge
patients with a low risk of DCI earlier. Such a method
could potentially decrease costs associated with DCI
monitoring and complications associated with prolonged
hospital length of stay [3, 10, 11].

Poor clinical status on admission, a large amount of
blood on the initial head CT scan, and younger age are
the major risk factors for DCI-related cerebral infarction

[3, 10]. De Oliveira et al. [11] evaluated 746 patients and
derived a classification that combines the modified Fisher
scale (mFisher) and the World Federation of Neurologi-
cal Societies (WFNS) grading system, the VASOGRADE
(Fig. 1). The VASOGRADE accurately predicted DCI
with good discrimination and good calibration, with an
area under the receiver operating characteristic curve
(AUC) of 0.63 (95% confidence interval [CI] 0.58-0.68).
Compared with the green VASOGRADE, the yellow
grade tended to increase the risk of DCI (odds ratio [OR]
1.31, 95% CI 0.77-2.23) and the red one was associated
with three times the risk (OR 3.19, 95% CI 2.07-4.50)
[11].

De Oliveira et al. [11] mentioned that besides DCI pre-
diction, VASOGRADE could also be validated for differ-
ent purposes, such as prognostication. However, since
the original publication, this scale has never been vali-
dated in another cohort of patients and has never been
correlated with a functional outcome. Therefore, we
evaluated the VASOGRADE prognostic performance for
DCI and functional outcome at discharge in a multieth-
nic cohort of consecutive patients with aSAH admitted to
a high-volume tertiary center in Brazil.

Methods

Study Population

We retrospectively evaluated study participants from a
consecutive multiethnic cohort of patients with subarach-
noid hemorrhage (SAH) admitted to our hospital, a high-
volume academic tertiary center in Brazil with an average

VASOGRADE
WFNS

Vasograde Modified Fisher

Fig. 1 The VASOGRADE. WENS World Federation of Neurosurgical
Societies
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of 70 patients with SAH per year, from January 2016 to
January 2019. Because the design requirements for stud-
ies that attempt to evaluate the performance of prognostic
models in new data have not been widely explored, we used
a sample size close to that of the two studies from which
the VASOGRADE was previously derived [3, 10, 12].

We included adult patients (> 18 years old) with aSAH
confirmed by head CT scan or lumbar puncture and
aneurysm proved through CT angiography, magnectic
resonance angiography, or catheter angiography. Exclu-
sion criteria were traumatic SAH and pregnancy. Patients
were classified according to the severity of the clinical
presentation and the amount of blood seen at the initial
CT scan using the WENS scores, Hunt—Hess grade, the
mFisher score, and the VASOGRADE by a single inves-
tigator not involved in the patient’s clinical care using
data from electronic medical records (EMRs). We evalu-
ated risk factors for aSAH (age, sex, smoking status, his-
tory of hypertension, alcohol intake, and use of illicit
drugs), the site of the aneurysm in accordance with the
PHASES (Population, Hypertension, Age, Earlier aSAH
from another aneurysm, Site of aneurysm) study [13], the
time from ictus to admission and to aneurysm treatment,
the treatment modality (clinical, surgical, or endovascu-
lar treatment), and the ICU and hospital length of stay
in days. The clinical treatment cohort included patients
who did not undergo surgical or endovascular treatment
mainly because of rebleeding and death.

The following neurological and clinical complications
were evaluated: DClI-related infarction, hydrocephalus,
need for an external ventricular drain and ventricular
peritoneal shunt, meningitis or ventriculitis, seizures,
intracranial hypertension, decompressive craniectomy,
infections (pneumonia, bloodstream infection, urinary
tract infection, and infection of undetermined focus),
sodium disturbances (hyponatremia and hyperna-
tremia), acute kidney injury (AKI), cardiac complications
(arrhythmias and acute myocardial infarction), and pul-
monary complications (pulmonary thromboembolism,
acute respiratory distress syndrome, and acute pulmo-
nary edema). Risk factors, aneurysm location, and com-
plications were extracted from EMRs and neuroimaging
and neuroradiology reports.

At our hospital, patients are closely monitored for
vasospasm and DCI with daily TCD and serial neurologi-
cal examinations. When patients are comatose or under
sedation, besides TCD and the neurological examination,
perfusion CT is used. Once a diagnosis of DCI is estab-
lished, hypertension is induced with norepinephrine. In
case of failure or contraindication, patients are managed
with intravenous milrinone [5, 14]. If DCI is still present
after the milrinone infusion, treatment with intra-arterial
milrinone is considered [5, 14].

We chose DCl-related infarcts (defined as new spon-
taneous ischemic lesions on at least one follow-up scan)
as a primary outcome measure, as was previously sug-
gested by Vergouwen et al. [9], because of the retrospec-
tive nature of our study. Unlike infarcts on CT scans,
clinical deterioration caused by DCI is notorious for low
interobserver agreement and, therefore, was not used
as a primary or secondary outcome [9]. Only spontane-
ous infarcts not related to clipping or coiling of the rup-
tured aneurysm within 28 days after SAH were included;
lesions caused by ventriculostomies, preexisting infarcts,
and hypodensities around a hematoma or in the vicinity
of the operation were not considered as new infarcts.

The diagnosis of cerebral ischemia was based on neuro-
imaging reports by certified neuroradiologists who were
unaware of the clinical status of each patient. EMRs were
reviewed, and the neuroimaging report that prompted
the DCl-related infarction diagnosis was the one ordered
because clinical deterioration correlated with the diagno-
sis of DCL

Functional outcomes were evaluated using the modi-
fied Rankin scale (mRs) on discharge based on the review
of EMRs by a certified investigator. A favorable outcome
was defined as mRs score 0-2, and an unfavorable out-
come was defined as mRs score 3-6.

Statistical Analysis

For descriptive purposes, categorical variables are pre-
sented through relative and absolute frequencies and
compared using the x> or Fisher exact test, as appropriate.
Continuous variable distributions were assessed for nor-
mality by skewness and kurtosis and by graphical methods
for the decision of the use of parametric or nonparamet-
ric tests. Those with normal distribution are presented as
means and standard deviations and compared using the
independent samples Student’s ¢-test. Otherwise, they are
presented as medians and interquartile ranges and com-
pared using the Mann—Whitney nonparametric test.

A multivariable logistic regression analysis was
employed to verify the independence of the association
between the VASOGRADE and the dichotomous out-
come DCl-related infarction and the mRs score at dis-
charge. The significant variables at the 0.10 level on the
univariate analysis were considered for inclusion in the
multivariable models. Age, sex, aneurysm location, and
VASOGRADE were defined a priori for inclusion on the
multivariable models because of biological plausibility.
The AUC assessed discrimination performance with a
corresponding 95% CI.

All tests were two-sided, and final p values less than
0.05 were considered statistically significant. All analyses
were conducted with the software SPSS (SPSS Statistics
para Windows, version 24.0; IBM Corp., Armonk, NY).
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Ethical approval/informed consent

The current study has been approved by the appropri-
ate institutional and national research ethics committee
and has been performed in accordance with the ethi-
cal standards as laid out in the 1964 Declaration of Hel-
sinki and its later amendments or comparable ethical
standards. Informed consent has been provided.

Results

A total of 212 consecutive patients with acute SAH
were included in the final analysis; however, six patients
had missing data regarding DClI-related infarction.

The clinical and epidemiological characteristics of the
patients are depicted in Table 1. Among 212 patients
(71.7% female, mean age 52.7+12.8), most patients
were classified as VASOGRADE-Yellow (46.9%), fol-
lowed by VASOGRADE-Green (32.5%) and VASO-
GRADE-Red (20.6%). The location of the aneurysms
were as follows: anterior communicating artery (52
patients, 24.5%), posterior communicating artery (47
patients, 22.2%), middle cerebral artery (40 patients,
19.4%), internal carotid artery (37 patients, 18%), and
posterior circulation arteries (23 patients, 10.8%). In
most patients, surgical clipping was the modality of
aneurysm repair (67%).

DCl-related infarction was present in 39 patients (inci-
dence 18.9%, 95% CI 14.3-25.1%), and the epidemiologi-
cal characteristics and risk factors were similar between
those with or without DClI-related infarction. There
was no difference in DCI incidence in patients treated
with clipping or coiling (p=0.652). The proportions of
patients in the VASOGRADE-Green, VASOGRADE-
Yellow, and VASOGRADE-Red groups who developed
DCl-related infarction were 7.7%, 61.5%, and 30.8%,
respectively.

On the univariate analysis, the mRs score, Glasgow
Coma Scale (GCS), Hunt-Hess grade, WENS score,
and VASOGRADE were all associated with DCI-related
infarction. Because of a high correlation between the
VASOGRADE and the GCS (p=0.654), Hunt-Hess
grade (p=0.604), WENS score (p=0.718), and mFisher
score (p=0.741), only the VASOGRADE was kept in the
multivariable model, which already included information
regarding the level of consciousness, motor status, and
the amount of blood on the head CT scan (see Table 1).

On the multivariable analysis, adjusted for age, sex,
and aneurysm location, compared with VASOGRADE-
Green, VASOGRADE-Yellow and VASOGRADE-Red
were significantly associated with DCl-related infarction
(OR 7.69, 95% CI 2.13-27.8, and OR 8.07, 95% CI 2.03—
32.11, respectively; Hosmer and Lemeshow test x*=5.57,
degrees of freedom (df) =8, p=0.695) (Table 2).

The VASOGRADE AUC for predicting DCl-related
infarction was 0.67 £0.04 (95% CI 0.58-0.75; p=0.001).
The predicted probability of DCI is presented in Fig. 2.
Table 3 presents the VASOGRADE accuracy (sensitivity,
specificity, and likelihood ratios). VASOGRADE-Red had
a sensitivity of 30.8% and a specificity of 82% for DCI-
related infarction. VASOGRADE-Green had a specific-
ity of 92.3% for identifying patients without DClI-related
infarction. Overall, VASOGRADE-Yellow and VASO-
GRADE-Red had a combined sensitivity of 92.31% for
predicting DCI (Table 3).

Favorable outcome (mRs score 0-2) occurred in
118 patients (51.9%), whereas 112 patients (48.1%)
had an unfavorable outcome. In a multivariate analy-
sis including DCl-related infarction and other neuro-
logical and systemic complications (Fig. 3), compared
with  VASOGRADE-Green, VASOGRADE-Yellow and
VASOGRADE-Red presented a higher chance of an unfa-
vorable mRS score (OR 4.16, 95% CI 1.33-13.03, and OR
25.57, 95% CI 4.45-147.1, respectively; Hosmer Leme-
show x*=13,770, df 8, p=0.088). VASOGRADE-Red
had a specificity of 97.5% for predicting an unfavorable
mRs score at discharge (95% CI 92.8—-99.5%). Combined,
VASOGRADE-Yellow and VASOGRADE-Red predicted
unfavorable outcomes at discharge with 90.43% sensitiv-
ity (Table 4). Conversely, VASOGRADE-Green had an
excellent specificity for predicting favorable outcome at
discharge (mRs score 0-2, 95% CI 82.6—95.5%).

Discussion

In our study evaluating a multiethnic population with
SAH, VASOGRADE-Green had more than 90% speci-
ficity of predicting no DCI and favorable outcome (mRs
score 0-2) at discharge, whereas VASOGRADE-Yellow
and VASOGRADE-Red categories together predicted
DCI with high sensitivity.

Our study’s AUC was similar to the AUC in VASO-
GRADE'’s original publication (AUC=0.63 in the origi-
nal cohort and AUC=0.67 in our cohort). However,
VASOGRADE-Yellow was no different from VASO-
GRADE-Red, which might be due to an insufficient
sample size and a small number of patients in the red
category. Although an AUC of 0.68 might be considered
only moderate, other methods that tried to predict DCI
used technical demanding tools (i.e., Lindegaard ratio
using cerebral blood flow evaluation with Xenon clear-
ance technique) or data not readily available at hospital
admission [3, 15-17]. Therefore, although not a perfect
tool, the VASOGRADE is a simple, easy to apply score
built with data immediately available at hospital admis-
sion. The original VASOGRADE results validated previ-
ously published risk charts in a large and diverse sample
of patients with SAH, and now our data presented similar
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Table 1 Baseline characteristics according to infarction due to DCI

Total (N=206) DCl-related infarction

No (n=167) Yes (n=39)

Hypertension 121 (58.5%) 94 (56.0%) 27 (69.2%) 0.130
Active smoker 110 (53.1%) 90 (53.6%) 20 (51.3%) 0.796
Alcoholism 29 (14.0%) 23 (13.7%) 6 (15.4%) 0.784
llicit drug use 7 (3.4%) 5 (3.0%) 2 (5.1%) 0618
Aneurysmlocation (PHASES classificatior) 0%
ICA 37 (18.0%) 26 (15.6%) 11 (28.2%)
MCA 40 (19.4%) 31 (18.6%) 9 (23.1%)
ACom, PCom, PCA 129 (62.6%) 110 (65.9%) 19 (48.7%)
Multiple aneurysms 60 (29.3%) 50 (30.1%) 10 (25.6%) 0514
Tmeflomicwstoadmission 0501
Median (interquartile range) 5(2-14) 5(2-15) 7 (2-8)
Minimum-maximum 0-182 0-182 0-82
Teamentmodality e
Clipping 140 (67.0%) 116 (68.2%) 24 (61.5%)
Embolization 38 (18.2%) 29(17.1%) 9 (23.1%)
Clinical treatment 31 (14.8%) 25(14.7%) 6 (15.4%)
Time from ictus to treatment 0.231
Median (interquartile range) 9 (5-19) 10 (5-20) 8(4-11)
Minimum-maximum 0-200 0-200 1-85
IQlengthofstay <000
Median (interquartile range) 10 (5-17) 8.5 (5-14) 11 (5-23)
Minimum-maximum =137 1-137 1-78
Hospitallengthofstay e
Median (interquartile range) 16 (9-24) 16 (11-21) 16 (9-32)
Minimum-maximum 1-182 1-182 1-136
Glasgow, median (interquartile range) 15 (13-15) 15(13-15) 13 (7-15) 0.006*
15 108 (52.4%) 94 (56.3%) 14 (35.9%)
13-14 52 (25.2%) 42 (25.1%) 10 (25.6%)
7-12 21 (10.2%) 14 (8.4%) 7 (17.9%)
3-6 25(12.1%) 17 (10.2%) 8 (20.5%)
Hun-Hessgrade o
1 52 (24.9%) 46 (27.1%) 6 (15.4%)
2 69 (33.0%) 61 (35.9%) 8 (20.5%)
3 49 (23.4%) 34 (20.0%) 15 (38.5%)
4 16 (7.7%) 13 (7.6%) 3(7.7%)
5 23 (11.0%) 16 (9.4%) 7 (17.9%)

0 22 (10.5%) 20 (11.8%) 2(5.1%)
31 (14.8%) 29 (17.1%) 2 (5.1%)
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Table 1 (continued)

Total (N=206)

DCl-related infarction

2 29 (13.9%)
3 90 (43.1%)
4 37 (17.7%)
WENS score
1 106 (50.7%)
2 46 (22.0%)
3 14 (6.7%)
4 20 (9.6%)
5 23 (11.0%)
VASOGRADE
Green 68 (33.0%)
Yellow 98 (47.5%)
Red 43 (20.9%)

No (n=167) Yes (n=39)
28 (16.5%) 1(2.6%)
65 (38.2%) 25 (64.1%)
28 (16.5%) 9(23.1%)
0.012*
95 (55.9%) 11(28.2%)
34 (20.0%) 12 (30.8%)
10 (5.9%) 4(10.3%)
14 (8.2%) 6 (15.4%)
17 (10.0%) 6 (15.4%)
0.001*
65 (38.9%) 3(7.7%)
74 (44.3%) 24 (61.5%)
31 (18.6%) 12 (30.8%)

DCl-related infarction: infarction due to DCI. Data are median and interquartile range (continuous variable) and frequency and percentage (categorical variable)

ACom anterior communicating artery; DC/ delayed cerebral ischemia; ICA internal carotid artery; ICU intensive care unit, MCA middle cerebral artery; PCA posterior
cerebral artery; PCom posterior communicating artery; PHASES Population, Hypertension, Age, Size of Aneurysm, Earlier SAH from another aneurysm, Site of
aneurysm (ICA, MCA, ACA/ PCom / PCA); WFNS World Federation of Neurological Societies

" Significant

Table 2 Multivariate analysis regarding the correlation
between VASOGRADE and DCl-related infarction, adjusted
for age, sex, and aneurysm location

95% ClI
Inferior Superior
Age 1.002 0971 1.034 0.895
Male sex 0499 0.196 1.270 0.145
Aneurysm location 0.159
ICA, MCA 2440 0.966 6.166 0.059
ACom, PCom, PCA 1.129 0442 2.881 0.800
VASOGRADE 0.032*
Yellow 7.687 2.126 27.801 0.002*
Red 8.068 2.027 32.109 0.003*

Bold values indicate odds ratio for DCl related-infarction (VASOGRADE-yellow
and VASOGRADE-red)

ACom anterior communicating artery; C/ confidence interval; DC/ delayed
cerebral ischemia; ICA internal carotid artery, MCA middle cerebral artery, OR
odds ratio; PCA posterior cerebral artery, PCom posterior communicating artery

" Significant

results in a real-world scenario of SAH management in
a middle-income country, suggesting that it can help to
select patients who are at high risk for the development
of DCI as well as standardize treatment protocols and
research studies.

In our cohort, patients with VASOGRADE-Yellow and
VASOGRADE-Red had the highest medical and neu-
rological complications rates, with a higher chance of
unfavorable outcome at discharge (mRs score 3-6). A

0,24

Estimated probability of DCI (95% Cl)

0,1

| T
Yellow Red
Vasograde

Green

Fig. 2 Probabilities of DCl-related cerebral infarction according to
the VASOGRADE classification. Cl confidence interval, DCl delayed
cerebral ischemia

previous study described that each day of hospital stay
increases the cost by $3,228/day (£$19; p<0.001), and
those patients who developed DCI had longer hospital
and ICU lengths of stay (»=0.034 and p<0.001, respec-
tively) [18]. De Rooij et al. [3] and Crobeddu et al. [10]
identified that the strongest predictors of DCI in a mul-
tivariate model were a clinical condition on admission
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Table 3 Sensitivity, specificity, and LRs of VASOGRADE
to predict infarction due to DCI

'ASOGRADE Sensitivity, % Specificity, % Correctly LR+ LR-

classified
Green 383 92.3 48.5 50 0.7
Yellow 61.5 56.3 573 14 0.7
Red 30.8 82.0 72.3 1.7 0.8
Yellow+red 9231 3824 485 1.5 0.2
DCl delayed cerebral ischemia; LR likelihood ratio
Vasograde Yellow —a—
Vasograde Red —_——
DCl-related infarction —a—
Age (each year) 3
Male Sex ——
Time ictus - admission [ ]
Endovascular treatment (vs clipping) ——
Conservative treatment (vs clipping) —a—
Hydrochephalus ——
Seizure ———
Intracranial hypertension ——
Infection ——
Hypematremia ——
Acute kidney injury —
Cardiac complications a
| R BRI R TTT| TR TTT B R ERTT BRI
0,01 0.1 1 10 100 1000

Odds Ratio (95% Cl). Log scale

Fig. 3 Forest plot of the multivariate analysis of the VASOGRADE as

a predictor of unfavorable outcome (mRs score 3-6) at discharge,
adjusted for age, sex, DCl-related infarction, aneurysm treatment
modality, hydrocephalus, presence of epileptic seizures, ICH, hyper-
natremia, AKI, infections, and cardiac complications. AKI acute kidney
injury, Cl confidence interval, DCl delayed cerebral ischemia, ICH
intracranial hypertension, mRs modified Rankin score. Conservative
treatment/clinical treatment: clinical treatment was considered when
patients did not receive any modality of surgical or endovascular
treatment, mainly because of rebleeding and death

Table 4 Accuracy of VASOGRADE-Yellow and VASOGRADE-
Red in predicting unfavorable outcome at hospital dis-
charge (mRs score 3-6) and VASOGRADE-Green in predict-
ing favorable outcome (mRs score 0-2)

Sensitivity, %

Specificity, % LR+

Green 50.85 90.43 531 0.54
Yellow +red 9043 50.85 1.84 0.19
Red 44.68 97.46 17.57 0.57

DClI Delayed cerebral ischemia; LR likelihood ratio; mRs modifiable Rankin scale

(WENS score), the amount of cisternal and intraven-
tricular blood on the CT scan, and age (older age was
associated with lower incidence of DCI). The authors
indicated the importance of a reliable model to predict

DCI because it might allow early ICU discharge and cost
savings [3, 10]. Advanced age, although it has been con-
sistently associated with lower incidence of angiographic
vasospasm and DCI, was not included in the predicting
model of VASOGRADE mainly because elderly patients
(> 60 years) also have significantly increased risk of poor
outcome due to higher rates of medical complications [3,
10, 19, 20].

The VASOGRADE is not a perfect tool; however, it has
the benefit of using simple data readily available at hospi-
tal admission, a significant advantage compared to other
prediction tools. In our series, three patients classified as
VASOGRADE-Green developed DClI-related infarction.
Although not flawless, the VASOGRADE had a specific-
ity of 92.3% to predict the absence of DCI, with an AUC
similar to that noted in the original VASOGRADE article
and good calibration. In scenarios of low resources, such
as in most hospitals of the world, keeping a patient with
VASOGRADE-Green in a step-down unit or even in a
ward with close monitoring 7 days after the initial bleed-
ing seems reasonable. Besides, the VASOGRADE evalu-
ates the probability of DCI with a higher AUC than the
mFisher (AUC=0.608) [21], maintaining its good usabil-
ity and good correlation with outcome at discharge. Thus,
as suggested in the original cohort, the VASOGRADE
might be used to stratify the risk of DCI and the chance
of a favorable outcome at hospital discharge.

The VASOGRADE, as a DCI risk stratification and
functional outcome scale, may allow a better allocation of
resources, including patient disposition (e.g., transitional
care unit vs. ICU admission), and the prioritization of
referrals to a high-volume center (VASOGRADE-Yellow
and VASOGRADE-Red). Additionally, it may also help
in the decision of early ICU discharge of those patients
with low risk of DCI and unfavorable outcomes (i.e.,
VASOGRADE-Green).

Our study has some limitations. First, it is a single-
center retrospective study; therefore, some baseline
data, such as family history of SAH, were not available,
and outcomes were not evaluated blindly. Although
using DClI-related infarction as the primary outcome
allows consistency with previous and future studies [5], it
underdiagnoses DCI (around 20% incidence in our sam-
ple and 30% in previous literature) [4, 22]. Additionally, in
our cohort, unlike in previous reports of lower incidence
of DCI after endovascular treatment [23], the treatment
method had no impact on the presence of DCI in our
cohort. This may be due to our lower rate of endovascu-
lar treatment (only 18% of patients were treated with coil-
ing), whereas, for instance, 65% of patients in the United
Kingdom were treated with the endovascular method
[24], which reflects costs and availability of methods in
our service. Inclusion of patients who did not undergo
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any aneurysm treatment, mainly because of rebleeding
and death [25], may have also played a role. Furthermore,
the WENS score is a qualitative categorical classification
criterion collected by medical records analysis, carry-
ing a considerable risk of interobserver variability [17].
Finally, the sample size, although sufficient to achieve the
same AUC as that in the original VASOGRADE publica-
tion [9], proved insufficient to discriminate differences
between VASOGRADE-Yellow and VASOGRADE-Red.
However, when considered together, VASOGRADE-Yel-
low and VASOGRADE-Red had a high sensitivity for the
presence of DCI (Table 4, row 2, column 1).

In conclusion, in a multiethnic cohort of patients with
aSAH, VASOGRADE-Green predicted absence of DCI
and good clinical outcome at discharge with very high
specificity, and patients in this category might be selected
for early ICU discharge, minimizing costs and medical
complications associated with long hospital length of
stay. On the other hand, patients categorized as VASO-
GRADE-Yellow and VASOGRADE-Red are at the high-
est risk for DCI and should, therefore, be selected as a
priority for care in high-volume aSAH centers, being
aggressively monitored with noninvasive and invasive
methods for DCI in the ICU. Therefore, not only is the
VASOGRADE an excellent clinical tool for predicting
DCI but it might also allow better allocation of resources,
which is even more critical in low-income countries [4].
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