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Abstract Prior studies have shown high prevalence of neuropsychological deficits after aneurys-
mal subarachnoid hemorrhage; however, few studies detect cognitive impairments in
patients with good functional outcome, measured whith Rankin Modified Scale, in the
late phase of subarachnoid hemorrhage. We confirmed a high prevalence of alterations
in neuropsychological tests in 44 patients with Rankin Modified � 2. We proposed the
application of simple and fast tests that allowed us to detect impairments with
precision similar to that of complex cognitive batteries used in previous studies. We
also attempt to confirm statistical association between factors that could be related to
poor cognitive outcome, like Hunt-Hess scale classification, bleeding intensity mea-
sured with Fisher scale, therapeutic type (microsurgery ou embolization), and aneu-
rysm localization; however, there was no significance.
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Resumo Estudos anteriores mostraram que a prevalência de déficits neuropsicológicos após
hemorragia subaracnóide aneurismática é alto,maspoucos estudosdetectaramalterações
cognitivas empacientes combomdesfecho funcional,medido através da escada deRankin
Modificada, na fase tardia da hemorragia subaracnóide. O estudo confirmou em 44
pacientes com RankiN Modificado � 2 a alta prevalência de alterações em testes
neuropsicológicos. Propusemos a aplicação de testes simples e rápidos, capazes de
detectar alterações, com precisão semelhante a baterias cognitivas complexas utilizadas
emestudos anteriores.Nós tambémavaliamos a associação estatística entrealguns fatores
como a escala deHunt-Hess (HH), a intensidade do sangramento pela escala de Fisher, tipo
de tratamento (microcirurgia ou embolização) e localização do aneurisma, ao pior
desempenho cognitivo, no entanto não houve significância.
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Introduction and Objective

Spontaneous subarachnoid hemorrhage (sSAH) is a disease
with high morbidity and mortality that affects the economi-
cally active population, since its peak incidence occurs
between 40 and 60 years old.1,2

Deficits in memory, executive function, and language are
common cognitive alterations following sSAH.1 Performan-
ces in these cognitive domains may improve with time, but
some patients continue with deficits that may compromise
their rehabilitation and occupational reintegration.3

The purpose of this study was to determine the prevalence
of cognitive impairment in patients after sSAH13–8 considered
to present good functional outcome according to themodified
Rankin scale (score � 2).9 In addition, we evaluate some
factors as possible predictors of cognitive dysfunction.8,10,11

Methods

In this analytical cross-sectional study, we assessed patients
with a previous diagnosis of aneurysmal sSAH treated at the
Santa Casa de Belo Horizonte between June 2009 and
June 2011. These patientswere reassessed by December 2012,
at least 12 months after the stroke, and were submitted to
neurocognitive tests during outpatient consultations.

We recruited the patients by telephone and informed them
of the purpose of the research. Several patients discontinued
or refused to attend the outpatient service for any number of
reasons, including death, lack of interest, distance from their
residence, and difficulties related to transportation.

The study assessed 57 patients who suffered sSAH due to
saccular aneurysm, who had been submitted to microsurgi-
cal or endovascular treatment. Of these, 13 patients were
excluded because they presented a modified Rankin scale
score > 2 during outpatient evaluation.

The study was approved by the Research Ethics Commit-
tee of the Santa Casa de Belo Horizonte and Plataforma Brasil
and all the participants signed a term of free, informed
consent.

We obtained demographic data (age, sex, and education)
together with medical and social history. Analysis of patient
medical records provided data concerning their clinical
status upon admission: Hunt-Hess scale (HH) classification;
bleeding intensity by the Fisher scale; treatment type, en-
dovascular versus microsurgery; aneurysm location, anteri-
or versus posterior circulation, and age. We then evaluated
the associations between these factors during hospitaliza-
tion and worse cognitive outcome.

We also applied the following instruments: the modified
Rankin scale, Mini-Mental Status Examination (MMSE), the
Memory Test Figures, Verbal Semantic Fluency Test (animal
categories), and the Clock Drawing Test, based on the study
of Nitrini et al.12 Among the instruments suitable for testing
neuropsychological profiles on this group of patients, our
choice took into account the ease of application and the time
available during routine consultations.

Use of the MMSE aimed to assess global cognition and the
results were determined using cutoff points suggested by a

Brazilian study,13 according to different educational levels:
< 18 points for illiterate individuals, < 23 points for those
with 1–3 years of education, < 25 points for those with 4–7
years education, and < 26 points for those with 8 or more
years of education.

We assessed episodic memory using the Memory Test
Figures.12 This test consists of presenting 10 previously
defined figures, revealed on a single card. Then, we conduct
a naming exercise, recording both immediate and delayed
incidental and spontaneous recall. Delayed recall occurs after
interference mediated by performing the Verbal Semantic
Fluency Test and the Clock Drawing Test. In the Verbal
Semantic Fluency Test, the patient is expected to name
examples of a specific semantic category for one minute.
According to some authors, adequate accuracy in the test that
was used in this study is nine animals for illiterate individu-
als, 12 animals for those with 1–7 years of education, and 13
animals for those with 8 or more years of education.

The Clock Drawing Test can provide important informa-
tion concerning executive function, and was interpreted
according to the score defined by Shulman in 1986. This
scoring ranges from 0 to 5, such that a perfectly designed
clock scores 5, with varying degrees of disruption up to the
complete inability to draw a clock, which scores zero. A
patient’s test is considered to show anomalies when a score
of 0, 1 or 2 is recorded.

Statistical Analysis
We created the database and performed the statistical
analyses using the software IBM SPSS 21.0 (Statistical Pack-
age for Social Sciences) for Mac.

The statistical treatment of the data included descriptive
analysis of the results (means and frequencies), and analysis
of the primary variables through statistical tests that inves-
tigated associations between the clinical outcome and prog-
nostic factors. The nature of the variable (categorical,
continuous) and their behavior indicated the use of specific
tests. We used the Chi square test for categorical variables, to
verify whether the frequencywith which the event observed
in the sample deviated from the expected frequency. When
the expected frequency was lower than 5, we used Fisher’s
exact test. The confidence interval was 95% and the level of
statistical significance adopted was p � 0.05. When age
(continuous variable) was considered a potential predictive
factor of anomalies in the tests, we calculated the mean and
standard deviation of the values individually for each test.
The Student t-test was used for comparison between groups.

We performed a multivariate analysis to evaluate the
factors associated with anomalies in the MMSE, Memory
Test Figures, Verbal Semantic Fluency Test, and Clock Draw-
ing Test. We used a binary logistic regression model.

The variables analyzed were: the Hunt-Hess scale (HH)
classification, 1 and 2 or 3 and 4; Fisher scale grade (3 or
different from 3); treatment (microsurgery or endovascu-
lar); aneurysm location (anterior or posterior circulation);
and age (years).

Inclusion of the predictor variables in the multivariate
analysis required a p value less than 0.20 in the univariate
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analysis. We used the forward criteria, with inclusion of the
variables in the model, one by one, from the most significant
to least significant, according to the p value determined in
the univariate analysis. We adopted a 5% level of significance
to determine whether the variables would be maintained in
the final model.

We evaluated the fit of the final model using the Hosmer-
Lemeshow goodness-of-fit test, after which we calculated
the adjusted odds ratio (OR) estimates, together with their
respective 95% confidence intervals (95% CI).

Results

Fifty-seven patients (23 men and 34 women) were assessed,
ranging in age from 20 to 75 years old (mean 48.8), with 2 to
16 years (mean 6.8) of education. We applied cognitive
screening between 13 and 36 months (mean 25.4) after
the stroke. Of these, 44 (77.2%) had a modified Rankin scale
score � 2, ranged in age from 20 to 67 years old (mean 48),
had 4 to 16 years (mean 7.6) of education, andwere included
in the full assessment.

Regarding the HH scale upon hospital admission, 92.1% of
patients (35/38) had a HH classification � 2 and 7.9% (3/38)
were � 3. Regarding the Fisher scale, 45.5% (15/33) patients
were graded as Fisher 1 or 2, and 54.5% (18/33) as Fisher 3 or
4.Wedid not include theHH scale classification for 6 patients
and Fisher scale grade for 11 patients in the analysis due to
lack of data in the patients’ medical records.

Regarding the aneurysm location, 68.4% of patients (26/
38) presented anterior circulation aneurysms, while 31.5%
(12/38) were located in the posterior circulation. The loca-
tion of the aneurysm was not recorded for 6 patients.

Results on neurocognitive assessment of patients with a
Rankin scale score � 2 was worse than expected for the
MMSE in 18.2% (8/44) of patients, in theMemory Test Figures
in 27.3% (12/44), in theVerbal Semantic Fluency Test in 47.7%
(21/44), and in the Clock Drawing Test in 29.5% (13/44) of
patients (►Fig. 1). Furthermore, 65.9% of patients (29/44)
showed anomalies in at least one test, 40.9% (17/44) in at
least 2 tests, and 15.9% (7/44) in at least 3 tests.

Taking into account factors evaluated as predictors of
worse cognitive outcome following sSAH, clinical status

upon admission, as determined by the HH scale, was the
only factor significantly associated with anomalies in the
MMSE. Among the patients admittedwith aHH classification
� 2, 11.4% presented values below normal, while for those
with a HH of � 3, the rate was 66.3% (p ¼ 0.05). None of the
other factors evaluated (Fisher scale grade on admission,
type of treatment, aneurysm location and age) showed any
significant association (►Table 1).

Regarding the Memory Test Figures, Verbal Semantic
Fluency Test, and the Clock Drawing Test, none of the
associated factors showed a statistically significant associa-
tion (►Tables 2, 3, and 4).

An anomaly in at least one of the tests was significantly
associated with Fisher scale grade 3 upon admission
(►Table 5).

For outcome anomalies in the Memory Test Figures,
Verbal Fluency Semantic Test, and the Clock Drawing Test,
none of the predictor variables remained in the final model,
since all showed a p value greater than 0.05 at multivariate
analysis. For outcome anomalies in the MMSE, only the
variable HH remained in the final model. This indicates
that, regardless of other factors, the variable HH is associated
with theMMSE test and patientswithHH values greater than
2have�15 timesmore chance of presenting anomalies in the
MMSE than those with a HH classification of 1 or 2 (95%
CI ¼ 1.13–212.18).

Discussion

Analysis of the results obtained suggest that a cognitive
assessment should be performed in patients following
sSAH, even in cases where they are considered of good
functional performance. Around 50% of previously employedFig. 1 Neurocognitive assessment of patients.

Table 1 Abnormal MMSE and predictors

Factors Abnormal MMSE
(n, %)

p value

HH

HH � 2 4/35 (11.4%) 0.059

HH � 2 2/3 (66.6%)

Fisher

1 or 2 3/15 (20.0%) 0.63

3 or 4 2/18 (11.1%)

3 3/11 (27.3%) 0.31

Location

Anterior Circulation 5/26 (19.2%) 0.64

Posterior Circulation 1/11 (9.1%)

Treatment

Microsurgery 4/33 (12.1%) 0.16

Endovascular 2/3 (66.6%)

Age

(mean 50.57; SD 4.87) 37/44 (84.1%) 0.58
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patients do not return to the same occupational level after
suffering a sSAH, which indicates the devastating nature of
the sequelae.10 Impaired quality of life also occurs14 due to
emotional disorders, cognitive impairment, or lack of clarifi-
cation concerning the disease.15,16

Although the presence of cognitive impairment in pa-
tients who have suffered sSAH is known,1,4,7 this study

highlighted the significant prevalence of alterations in the
most commonly affected cognitive domains1,6 through the
application of validated cognitive screening tests that are
easy to apply. Previous studies, which have demonstrated
impairment of cognitive performance in patients following
sSAH, generally use extensive and complicated batteries of
tests, require that the examiner be trained in complex rules

Table 2 Abnormal Memory test figures and predictors

Factors Abnormal Memory
Test Figures (n, %)

P value

HH

HH � 2 9/35 (25.7%) 0.99

HH � 2 1/3 (33.3%)

Fisher

1 or 2 4/15 (26.7%) 0.99

3 or 4 4/18 (22.2%)

3 1/11 (9.1%) 0.29

Location

Anterior Circulation 6/26 (26.1%) 0.69

Posterior Circulation 4/12 (33.3%)

Treatment

Microsurgery 8/33 (24.2%) 0.99

Endovascular 1/5 (20.0%)

Age

(mean 54.0; SD 3.30) 32/44 (72.7%) 0.63

Table 3 Abnormal Verbal fluency semantic test and predictors

Factor Abnormal Verbal
Semantic
Fluency Test (n, %)

p value

HH

HH � 2 16/35 (45.7%) 0.23

HH � 2 3/3 (100%)

Fisher

1 or 2 8/15 (53.3%) 0.49

3 or 4 7/18 (38.9%)

3 4/11 (36.4%) 0.47

Location

Anterior Circulation 9/26 (34.6%) 0.08

Posterior Circulation 8/12 (66.7%)

Treatment

Microsurgery 14/33 (42.4%) 0.64

Endovascular 3/5 (60%)

Age

(mean 51.24; SD 2.29) 23/44 (52.2%) 0.12

Table 4 Abnormal Clock Drawing test and predictors

Factors Abnormal Clock
Drawing Test (n, %)

p value

HH

HH � 2 8/35 (22.9%) 0.16

HH � 2 2/3 (66.7%)

Fisher

1 or 2 4/15 (26.7%) 0.72

3 or 4 6/18 (33.3%)

3 4/11 (36.4%) 0.70

Location

Anterior Circulation 8/26 (30.8%) 0.99

Posterior Circulation 3/12 (25.0%)

Treatment

Microsurgery 9/33 (27.3%) 0.30

Endovascular 3/5 (60.0%)

Age

(mean 43.69; SD 2.67) 31/44 (70.5%) 0.15

Table 5 Anomalies in at least one test and predictors

Factors � 1 abnormal test p value

HH

HH � 2 20/33 (60.6%) 0.53

HH � 2 3/3 (100%)

Fisher

1 or 2 10/15 (66.6%) 0.29

3 or 4 8/18 (44.4%)

3 4/11 (36.4%) 0.03

Location

Anterior Circulation 12/25 (48.0%) 0.07

Posterior Circulation 10/12 (83.3%)

Treatment

Microsurgery 13/33 (39.4%) 0.64

Endovascular 3/4 (75.0%)

Age

(mean 53.44; SD 3.38) 37/44 (84.1%) 0.58
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of administration and scoring, and may need expensive
testing materials. Moreover, the lack of uniformity between
protocols makes comparisons between studies difficult.

In this study, anomalies in the Verbal Fluency Semantic
test were the most frequent (47.7%). This data are in agree-
ment with a previous study that showed that, despite having
a favorable neurological outcome according to the Glasgow
Outcome Scale, 76% of a sSAH survivors were significantly
impaired on the verbal and semantic fluency task.17 Patho-
logical processes like degenerative and frontotemporal de-
mentias, as well as frontal and temporal lobe lesions,
produced anomalies in this test.18

Anomalies in the Clock Drawing Test suggest impairment
of executive, visuospatial, and visuoconstrutive functions, as
well as symbolic and graphomotor representation. These
usually relate to frontal cortex and temporoparietal le-
sions,1,19,20 which were present in almost one third of
patients. TheMemory Test Figures and theMMSE completed
the cognitive assessment battery and allowed us to assess
various cognitive domains, including attention, language,
and praxis.

The purpose of assessing patients with a Rankin scale � 2
was to confirm the presence of cognitive impairment follow-
ing sSAH and to demonstrate that these alterations are
present even in a subgroup that is classified as showing
good functional performance. Although universally used in
clinical practice and studies worldwide, the application of
the modified Rankin scale only comprises motor skills, the
degree of dependence, and interobserver variability, which
has led to some discussion concerning its validity.4 This fact
alerts us to the need to globally assess individuals who suffer
from a sSAH, to determine the “real” functional outcome. A
study that assessed patients with good results on the Glas-
gow Outcome Scale (GOS ¼ 1) verified anomalies up to 53%
of short-term and 21% of long-term memory tests when
measured 6months after the stroke.15 This frequency is high,
like that in our study, inwhich themodified Rankin scalewas
used instead. We consider it advisable to perform any
assessment at least 12 months after the stroke. This allows
for greater reliability in the results, since neurological recov-
ery undergoes a more active phase in the first few months
following a stroke, until it stabilizes.21

Among the clinical variables studied, we only identified
the association of two variables that could be considered
significant predictors of cognitive impairment: a HH classi-
fication of > 2 was associated with a greater number of
abnormal results in the MMSE (i.e., greater severity on
admission was associated with a lower than expected result
in this test) and patients with Fisher scale grade 3, based on
in their admission CT scan, presented anomalies in one or
more cognitive tests, probably due to the higher frequency of
cerebral vasospasm in these cases.10,22

According to some authors, there are numerous causes for
adverse outcomes in sSAH patients that can act alone or in
combination to adverse cognitive outcome. There are reports
that sSAHmicroscopically alters brain function at the level of
neuronal synapses, leading to neurological deficits.6 In-
creased intracranial pressure, which is common in patients

with sSAH, can cause cholinergic dysfunction and diffuse
brain damage,5 contributing to worse cognitive function. In
addition, genetic factors, such as the expression of the ApoE
phenotype, are associated with worse neurological outcome
and impaired cognitive performance.23,24

Neuroimaging studies suggest that macroscopic altera-
tions are responsible for cognitive deficits, such as the
presence of delayed cerebral ischemia, which can increase
the chances of severe neuropsychological deficits 5-fold.16

Our study has certain limitations, including the small
patient sample and the loss of important medical data,
due, in part, to the retrospective nature of the assessment.
These may have contributed to the fact that predictors of
worse cognitive performance following sSAH, which are well
established in the literature, did not achieve statistically
significant values.1,5,7,8

Furthermore, not using a more extensive battery of
neuropsychological tests that is targeted to specific cognitive
domains prevented us from determining the prevalence of
alterations in individual domains. However, we believe that
the choice of shorter, simpler tests makes researching cog-
nitive alterations more accessible to the neurologist or
neurosurgeon in an outpatient care setting. We would like
to emphasize that the purpose of this research did not
include diagnosing dementia, rather being towarn clinicians
of the possibility of worse cognitive performance in this
population. In this study, grade 3 on the Fisher scale was
significantly associated with anomalies in at least one test,
and could be explained by the vasospasm. While anomalies
in at least one test makes the screening process much more
sensitive to cognitive alterations, it reduced the specificity of
the assessment.

Our study demonstrates worse cognitive performance in
patients that had suffered a spontaneous subarachnoid
hemorrhage, even among those considered to show good
functional outcome. It also highlights that cognitive tests that
are easy to apply can identify these alterations. Thus, these
findings contribute to extending current knowledge of the
adverse consequences of spontaneous subarachnoid hemor-
rhage in patients’ lives.
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