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Factors related to the prognosis of patients with cerebral
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SUMMARY

BACKGROUND: Subarachnoid hemorrhage secondary to a ruptured brain aneurysm should be promptly diagnosed. The angiographic study allows
the diagnosis of vascular alterations that determine subarachnoid hemorrhage. The risk of rebleeding is highest in the first 24 h following the first
bleeding. The prognosis of the surgical treatment of a brain aneurysm depends on many factors.

OBJECTIVE: The aim of the present retrospective study was to determine which prognostic factors are related to the morbidity and mortality of the
microsurgical treatment of different brain aneurysms.

METHODS: A total sample of 371 patients with subarachnoid hemorrhage due to aneurysm bleeding treated by microsurgery from 2013 to 2022
were studied. The variables studied were patient characteristics (age, gender, smoking status, systemic arterial hypertension, and diabetes mellitus),
the tomographic findings classified by the Fisher scale, the interval between stroke and surgery, and the clinical condition of patients at admission
classified by the Hunt-Hess scale. The primary outcome was the occurrence of death, and the secondary outcomes were the length of hospital stay
and the length of stay in the intensive care unit.

RESULTS: The clinical presentation (characterized by the Hunt-Hess scale) at the time of admission of the patient was an important determining
factor in the length of hospital stay and intensive care unit stay and the occurrence of death in these patients. Older age and occurrence of diabetes
mellitus were also associated with the outcome of death. The surgical moment characterized by the time between stroke and surgery was inversely
associated with the outcome of death.

CONCLUSION: The timing for surgery has to be analyzed concerning the clinical presentation of the patient at the time of admission.
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INTRODUCTION

and shunt dependence®. The presence of a hematoma is a pre-

Spontaneous aneurysmal subarachnoid hemorrhage, though
rare, leads to significant socioeconomic impact, with higher
complications and mortality affecting independence at 6 and
12 months'. The predictors of poor outcomes in young adults
include aneurysmal size, multiple aneurysms, Hunt and Hess
(HH) grade, and hypertension**. In elderly patients, the pre-
dictors include age over 80 years, hypertension, frailty, smok-
ing, high HH grade, multiple aneurysms, and large aneurysmal
size’. Factors contributing to mortality and morbidity include a
high HH grade, intracerebral hematoma, angiographic spasm,
rebleeding, and early surgery without vasospasm treatment®.
Prognostic factors in elderly patients include systemic com-
plications, cerebral infarction, and chronic shunt-dependent
hydrocephalus’. Significant negative predictors include Fisher
3 bleeding pattern, late cerebral ischemia, early hydrocephalus,

dictor of unfavorable outcomes’. Intraoperative aneurysmal
rupture does not affect outcomes'®. In Brazil, the epidemiology
of aneurysmal subarachnoid hemorrhage (SAH) is not well-
known!!. Delayed cerebral ischemia is a serious complication''.
Early surgery for ruptured intracranial aneurysms shows ben-
efits'2. The timing of surgery varies, with early operation pre-
ferred for young, neurologically intact patients'®. The mortality

rate is 35%, with long-term cognitive dysfunction'.

CASUISTRY/METHODOLOGY

Study design
This retrospective cohort study was conducted to assess the prog-

nostic factors influencing morbidity and mortality in patients
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with SAH due to cerebral aneurysms who underwent micro-
surgical treatment at the Hospital das Clinicas de Botucatu —
UNESP from January 2013 to December 2022.

A total of 371 patients diagnosed with SAH secondary to
aneurysmal ruptures were included in the study. Inclusion cri-
teria consisted of patients aged 18 years and older who under-
went microsurgical clipping or coiling of ruptured aneurysms
within 14 days of presentation. The case selection was contin-
uous treatment.

The study was approved by the Ethical Committee of
the Medical School of Botucatu — Sao Paulo State University
(CAAE-51843021.6.0000.5411/October 2021).

The variables studied were patient characteristics (age, gen-
der, smoking status, systemic arterial hypertension, and dia-
betes mellitus [DM]), the tomographic picture of the hemor-
rhage classified by the Fisher scale, the interval between stroke
and surgery, and the clinical condition of patients at admission
classified by the HH scale.

The primary outcome was the occurrence of death, and the
secondary outcomes were the length of hospital stay and
the length of stay in the intensive care unit ICU).

Statistical analysis

To determine the distribution of the data, the Shapiro-Wilk or
Kolmogorov-Smirnov test was used, depending on the sample
size. The Mann-Whitney test was used to compare two inde-
pendent groups with non-parametric data. For variables with
a normal distribution, Student’s t-test was used to compare the
groups. To compare more than two groups, the Kruskal-Wallis
test was used, followed by Dunn’s test for non-parametric data,
and the analysis of variance test followed by the Bonferroni test
for parametric data. Spearman’s test for non-parametric data
and Pearson’s test for parametric data were used to study the
correlation of variables. The relationship between the indepen-
dent variables and death was assessed using binary logistic regres-
sion. The hazard ratio for this relationship was adjusted for vari-
ables that differed between the different groups established by
the independent variables. For the outcomes of length of hos-
pitalization and length of ICU stay, a linear regression model
was used. Differences were considered statistically significant at
p<0.05. The SPSS software (v. 24.0) was used for the analysis.

RESULTS

The sample consisted of 371 patients who had subarachnoid
hemorrhage, of which 287 (77.4%) were females, 84 (22.6%)
were males, and 223 (60.1%) were smokers; 259 (69.8%)
patients had SAH and 73 (19.7%) had DM; the mean age of

the patients was 56.33 (£11.98) years; and the interval between
stroke and surgery was 5.46 (£8.45) days. The evaluation at
admission indicated patients’ ratings on the HH scale: median
2 (interquartile range [IQR]: 2) and tomography on the Fisher
scale: median 3 (IQR: 2).

Regarding the location of the aneurysms, 117 (31.5%) were
from the middle cerebral artery (MCA), 109 (29.4%) from the
posterior communicating artery (ACoP), 78 (21.0%) from
the anterior communicating artery (ACoA), 20 (5.4%) from the
pericallosa artery, 11 (3.0%) from the paraclinoid, 10 (2.7%)
from the choroidal artery, 10 (2.7%) from the posterior infe-
rior cerebellar artery (PICA), 9 (2.4%) from the carotid bifur-
cation, 3 (0.8%) from the posterior cerebral artery, 2 (0.5%)
from the top of the basilar artery, and 2 (0.5%) from the supe-
rior cerebellar artery (SUCA).

The median number of aneurysms was 1, and the median
number of surgeries was 1.

The surgical technique can be standardized by a pterional cra-
niotomy in most cases, a microsurgical approach with systematic
dissection of the Sylvian cistern and basal cisterns and aneurys-
mal clipping. Perioperative care was performed in the ICU, and
measures to prevent cerebral vasospasm should be highlighted.

The median length of hospital stay was 18.5, and the median
length of stay in the ICU was 10.

‘The number of deaths was 106 (28.6%).

The occurrence of death was associated with DM (p<0.0001)
and age (p<0.0001).

Logistic regression for the outcome of death showed that
the higher the age, the higher the risk of death. An increase of
1 year of age increased the risk of death by 4.8%. Having DM
increased the risk of death by 2.16 times (95%CI 1.151-4.067).
A 1-point increase in the HH scale increased the risk of death
by 2.5 times. The Fisher grade was not associated with a higher
mortality hazard (Table 1).

The outcome of death was inversely associated with the
time of surgery (time between stroke and surgery) (p<0.0001).
The earlier the surgery, the higher the occurrence of deaths.

The length of hospital stay was associated with age (p=0.013,
r=0.129), hypertension (p=0.025), DM (p=0.043), and HH
scale (p<0.001).

Table 1. Factors related to the risk of death.

T T R T
1.048 1.024-1.073 <0.001
Diabetes mellitus 2.164 1.151-4.067 0.017
1.985-3.128 <0.001

Hunt-Hess scale score 2492

HR: hazard ratio; Cl: confidence interval.
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According to the linear regression analysis of the outcome
of the length of hospital stay, the most important variable was
found to be the score on the HH Entry Scale (Table 2).

The length of ICU stay was associated with age (p=0.017,
1=0.124), HH scale score (p<0.001), and Fisher’s scale score (p=0.007).

According to the linear regression analysis of the outcome
of the length of intensive care unit stay, the most important
variable to predict the length of ICU stay was also found to be
the score on the HH scale at admission (Table 3).

DISCUSSION

The prognosis of patients who suffered subarachnoid hemor-
rhage due to aneurysmal rupture and underwent microsurgical
treatment may depend on patient characteristics, their bleed-
ing characteristics, and their clinical status after bleeding'>"".

In our study, the following patient characteristics were con-
sidered: age, gender, smoking status, SAH, and DM. Older age
and the occurrence of DM were significantly associated with the
outcome of death and the length of hospital stay. The occur-
rence of hypertension was associated with the length of hospital
stay. These associations agree with data from the literature®>”?.

The characteristics of hemorrhage were classified by the mod-
ified Fisher scale and its severity was not related to the study
outcomes. Most of the patients had a computed tomography
scan, with hemorrhage classified as Fisher 3.

The mean time between stroke (moment of bleeding) and
surgery was 5.46 (£8.45) days and was inversely associated
with the occurrence of death. In other words, the earlier the

Table 2. Factors related to the length of hospital stay.

0.136 -0011t00.283 0071
D'ab.etes 2187 230110 6.675 0.339
mellitus

Systemicaiisiel |y o -0.964 10 6.734 0.141
hypertension

U= e 2049 0680103418 0003
scale score

Cl: confidence interval.

Table 3. Factors related to the Iength of intensive care unit stay.

0.073 -0.003t00.148 0.061
TS 1757 0.9331t02.581 <0.001
scale score
Fisher’s scale 0121 -0.948to 1.190 0.824
score

Cl: confidence interval.

3

surgery, the higher the occurrence of deaths. It can be consid-
ered that the most severe patients (HH scale scores 4 and 5)
are operated on eatlier, but it can also be considered that early
surgery in severe cases worsens the evolution of the patients.
The ideal time for microsurgical treatment of brain aneurysms
is controversial in the literature®'*!“. Early surgery for ruptured
intracranial aneurysms is supported as a strategy to improve
patient outcomes, reduce the risk of complications, and optimize
the management of aneurysmal subarachnoid hemorrhage!#2°.

Ultra-early surgery for ruptured intracranial aneurysms is
generally indicated within the first 24 h post-ictus, and the
benefits of this approach are well-documented, especially for
good-grade patients®.

However, there may be situations where ultra-early surgery
may not be indicated. These include cases where there are logis-
tical issues, delayed transfers from other hospitals, late diagno-
sis, or other nonclinical factors that lead to a delay beyond the
24-h window post-ictus®. In such cases, the delay in treatment
timing is due to nonclinical reasons rather than clinical deci-
sion-making based on the patient’s condition. This suggests
that the determination of situations where ultra-early surgery
is not indicated is more related to external factors impacting
the ability to perform surgery within the recommended time
frame rather than specific clinical criteria?*.

In older patients, early interventions for surgery may be
beneficial to preventing rebleeding and improving outcomes,
but a comprehensive evaluation of the patient’s condition and
risks is essential to determine the optimal timing for surgery?**.

In our series, older patients had lower grades on the HH scale
and early surgery was related to mortality, and this is in accordance
with the previous explanation that older patients had worse clinical
conditions and, in our region, had a delay in reaching our hospital.

Finally, the patient’s clinical condition at the time of admis-
sion, classified by the HH scale, is the most important indi-
cator for the outcomes of death, length of hospital stay, and

2,6,8

length of ICU stay. These findings agree with the literature

CONCLUSION

The clinical presentation (characterized by the HH scale) at
the time of admission of the patient with subarachnoid hem-
orrhage due to aneurysmal bleeding followed by microsurgical
treatment is an important determining factor in the length of
hospital stay and ICU stay and the occurrence of death in these
patients. Older age and occurrence of DM are also associated
with the outcome of death. The surgical moment characterized
by the time between stroke and surgery is inversely associated
with the outcome of death.
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