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Abstract Introduction Pathological processes in the arterial wall that result in vessel dilation
are the cause of intracranial aneurysms (lAs), and the risk factors for their formation
and progression are not well established. Ferritin is associated with inflammation and
angiogenesis; it has protective antioxidative activity, and controls cell differentiation.
Vitamin B12 is related to neurological and hematological disorders; it can be used as
differential diagnosis tool, and acts in the control of homocysteinemia, a predictor of
worse prognosis. The present article aims to assess the correlation between serum

Keywords ferritin and B12 levels and the patient’s functional outcome.
= brain aneurysm Materials and Methods In the present cohort study, we assessed the serum levels of
= ruptured intracranial  ferritin and B12, as well as the scores on the modified Rankin and Glasgow Outcome
aneurysm Scales at 6 months, of 2 groups, one with 19 and the other with 49 individuals, out of
= unruptured 401 patients treated for IA at Universidade de S3o Paulo from 2018 to 2019. We
intracranial aneurysm performed a statistical analysis, using logistic regression, to determine the aforemen-
= subarachnoid tioned correlation.
hemorrhage Results In the univariable analysis, the serum levels of ferritin showed no significant
= serum ferritin impact on the functional outcome (odds ratio [OR]: 0.96 for every 100 pg/mL increase;
= serum B12 95% confidence interval [95%Cl]: 0.761-1.210; p =0.732); neither did the serum levels
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of B12 (OR: 0.998 for every 100 pg/mL increase; 95%Cl: 0.826-1.206; p=0.987).
Moreover, no significant impact on the functional outcome was observed in the
multivariable analysis regarding the serum levels of B12, age, hypertension, and
aneurysm rupture (OR: 1.086 for every 100 pg/mL increase; 95%Cl: 0.847-1.392;
p=0.513).

Conclusion We were not able to confirm a statistical correlation regarding the serum
levels of ferritin and B12, and functional outcome of IA patients. These variables might
be linked to other determinants of the pathophysiology of IAs, like inflammation and
homocysteinemia.

Introducao Processos patolégicos na parede arterial, que resultam em dilatacdo dos
vasos, sao a causa dos aneurismas intracranianos (Als), e os fatores de risco para a sua
formacdo e evolucdo ndo estdo bem estabelecidos. A ferritina estd associada a
inflamacgdo e angiogénese, tem atividade antioxidante, e controla diferenciagdo celular.
A vitamina B12 estd relacionada a disttrbios neuroldgicos e hematoldgicos, é utilizada
como ferramenta de diagnéstico, e atua no controle da homocisteinemia. Este artigo
visa avaliar a correlacdo entre os niveis séricos de ferritina e B12 e o desfecho funcional
do paciente.
Materiais e Métodos
e B12, assim como as pontuacdes nas escalas de desfechos de Rankin modificada e
Glasgow aos 6 meses de 2 grupos, um com 19 e o outro com 49 individuos, dos 401
pacientes com Al tratados na Universidade de S3o Paulo de 2018 a 2019. Para
determinar a ja mencionada correlacdo, realizamos andlise estatistica usando regres-
sao logistica.

Resultados Na analise univariada, a ferritina sérica nao resultou em impacto signi-
ficativo sobre o desfecho funcional (razdo de possibilidades [RP]: 0,96 para cada
aumento de 100 pg/mL; intervalo de confianca de 95% [IC95%]: 0,761-1,210;
p=0,732), nem a B12 sérica (RP: 0,998 para cada aumento de 100 pg/mL; 1C95%:
0,826-1,206; p=0,987). Tampouco observou-se impacto significativo sobre o desfe-
cho na andlise multivariada usando B12 sérica, idade, hipertensdo e ruptura de
aneurisma (RP: 1,086 para cada aumento de 100 pg/mL; 1C95%: 0,847-1,392;
p=0,513).

Conclusao Nao foi confirmada a correlacdo estatistica entre os niveis séricos de
ferritina e de B12 e o desfecho funcional de pacientes com Al. Essas varidveis podem
estar ligadas a outros determinantes da fisiopatologia do Al, como inflamagdo e
homocisteinemia.

Neste estudo de coorte, analisamos os niveis séricos de ferritina

als not presenting any known factors; therefore, their
identification is necessary.>™

Cerebral arteries can undergo pathological processes that
involve dilation, which results in the formation of intracranial
aneurysms (IAs). These conditions can progress until the
arterial wall ruptures, causing intracranial bleeding, that is,
aneurysmatic subarachnoid hemorrhage (aSAH)."? Although
most unruptured aneurysms are asymptomatic, their clinical
complications, such as aSAH, result in a high mortality rate,
which ranges from 40% to 50%. The existing treatment tools are
microsurgery and endovascular procedures, but they also
present risks, including death. The risk factors for the devel-
opment of [As are still unknown, with most affected individu-
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Ferritin is the major iron-storage protein, and it is involved
inavariety of pathophysiological processes in the human body.
Elevated serum levels are related to coronary artery disease,
malignancy, and poor transplantation outcomes.® Ferritin has
aniron core inits structure; it presents ferroxidase activity and
has an antioxidant function. It regulates cellular iron homeo-
stasis, through biosynthesis and secretion, as part of a dynamic
cycle of iron recycling.’

Ferritin may be used to monitor various diseases, because it
is involved in several processes, such as: iron delivery, angio-
genesis, inflammation, immunity, signaling, and cancer. It is a
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proinflammatory signaling molecule/mediator; it inhibits
lymphocyte and myeloid cell function, since iron is required
for cell proliferation and differentiation; it also plays an
important role in signal transduction and migration mediated
by chemokine receptors, and it inhibits the inflammatory
response by producing interleukin 10 (IL-10), which inhibits
interleukin 2 (IL-2), lowering lymphocyte proliferation. In
addition, ferritin is recognized as a reactant and marker of
acute and chronic inflammation, and it promotes angiogenesis
by binding high molecular weight kininogen (HK)/activated
HK (HKa), which are cofactors of the intrinsic coagulation
cascade.®

The possible relationship with IA formation is based on
the evidence that ferritin is associated with inflammation
and angiogenesis, which are processes present in the aneu-
rysm formation cascade; it is linked to aSAH, which is one of
the major consequences of ruptured aneurysms, and it is
related to Kawasaki disease, a syndrome reported to be
associated with coronary artery aneurysms.”™'

Vitamin B12 is an essential nutrient, meaning it must be
ingested, since it cannot be produced by the body. It plays
an important role in DNA synthesis and neurological func-
tion. Low serum levels of B12 are associated with coronary
diseases, demyelination of nervous system structures, inef-
fective erythropoiesis, megaloblastic anemia, hyperhomo-
cysteinemia, and hemolysis. On the other hand, high serum
levels of B12 are associated with poor outcome in critically-
ill patients, high levels of C-reactive protein (CRP), which is
an inflammatory biomarker, chronic myeloid leukemia,
polycythemia vera, primary myelofibrosis, primary hyper-
eosinophilic syndrome, as well as myelodysplastic
syndromes and acute leukemias. Therefore, serum B12

Patients selected
for study
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levels may be used in the differential diagnosis or as a
diagnostic hypothesis for various pathologies. Oral supple-
mentation may be an effective treatment option, and B12
deficiency is linked to senility, increasing with age progres-
sion.'2"14 Homocysteine is associated with endothelial in-
jury and has thrombogenic properties; thus, it is correlated
with cardiovascular diseases. However t no correlations
have been found with IA formation.'”

The objective of the present study was to evaluate the
influence of the serum levels of ferritin and B12 in the
functional outcomes of patients with ruptured and unrup-
tured IA.

Materials and Methods

Study Design

The present is a prospective cohort study, in which social and
demographic data were collected from patient charts in the
database of the Division of Neurosurgery of Hospital das
Clinicas da Faculdade de Medicina da Universidade de Sdo
Paulo (HCFMUSP) who were admitted due to SAH between
January 2018 and November 2019. We also collected the
serum levels of ferritin and B12 and IA rupture status upon
admission. The analysis of the outcomes was performed
prospectively using the modified Rankin Scale (mRS) and
Glasgow Outcome Scale (GOS) at 6 months.

Population Data

Data from 401 patients were analyzed: 19 individuals were
included in the serum ferritin analysis (=Fig. 1), and 49,
in the serum B12 analysis (=Fig. 2). The subjects were
evaluated regarding the serum levels of ferritin or B12, and

Ruptured aneurysm (n=244)

(n=401)

Enroliment

Unruptured aneurysm (n=177)

Excluded patients

Exclusion criteria:
* Patients without data
for serum ferritin

v

(n=361)

\ 4

Serum ferritin analysis

Selection

(n=40)

Excluded patients

_| Exclusion criteria:
(n=11) "]« Loss of follow-up

\ 4

Outcome evaluation

Follow-up

(n=19)

Fig. 1 Patient selection and inclusion and exclusion criteria for the ferritin analysis.
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Fig. 2 Patient selection and inclusion and exclusion criteria for the B12 analysis.

the mRS and GOS scores at 6 months. Each group was
subdivided into 2 groups based on their laboratory results:
normal serum level or elevated serum level. For the ferritin
analysis, the cut-off was a serum level of 500 ng/mL,'® while
for the B12 analysis, the cut-off was a serum level of
878 pg/mL."”

Exclusion Criteria

We excluded patients or whom there was no data on the
serum levels of ferritin or B12 upon admission, as well as
those lost to follow up in less than 6 months.

Inclusion Criteria

We included patients of both sexes and ages, with ruptured
and unruptured brain aneurysms who were admitted at
HCFMUSP between January 2018 and November 2019.

Statistical Analysis

We used logistic regression considering the serum levels of
ferritin and B12 as independent, continuous, and binary
variables. The outcomes were assessed through the scores
on the mRS and GOS at 6 months. Univariate analyses for the
serum levels of B12 and ferritin were performed. Moreover, a
multivariate analysis including age and the presence of
hypertension in the model was performed for the B12 cohort.
The level of significance was established as 0.05.

Results

Serum Ferritin
The 19 patients in the ferritin group were divided into 2
subgroups based on their serum levels (normal or elevated).

Arquivos Brasileiros de Neurocirurgia

After stablishing a cut-off point of 500 ng/mL,'® 17 patients
were allocated in the normal ferritin level subgroup and 2
patients, in the elevated ferritin level subgroup.

Regarding the whole population analyzed, most patients
were female, non-hypertensive, non-diabetic, non-smokers,
with no history of hydrocephalus nor aSAH. Upon hospital
admission, the median score on the Glasgow Coma Scale
(GCS)was of 15, the Hunt and Hess grade was 2, and the score
on the World Federation of Neurosurgical Societies (WENS)
scale was of 1. On average, at 6 months, the GOS score was of
3.6+1.9, and the mRS score, of 2.9+2.5. More detailed
information can be found in =~Table 1.

Regarding the two ferritin subgroups, the major differ-
ence was that the mean WFNS score on admission was lower
in the elevated subgroup (4.5) compared with the normal
subgroup (2.1) (p =0.035).

Asshownin =Table 1, the epidemiological characteristics of
both groups were very similar regarding all parameters
(p>0.05), except for serum ferritin. We performed separate
analyses for each outcome considering the impact of serum
ferritin on the mRS and GOS scores at 6 months. The influence
of serum ferritin on the mRS score at six months was analyzed
through univariate logistic regression for the prediction of
unfavorable outcomes six months after the IA. Higher serum
levels of ferritin did not have an impact on the outcome (odds
ratio [OR]: 0.96 for every 100 pg/mL increase; 95% confidence
interval [95%CI]: 0.7611.210; p=0.732) (~Table 2).

Serum B12

The 49 patientsin the B12 group were divided into 2 subgroups
based on their serum B12 levels (normal or elevated). After
establishing a cut-off point of 878 pg/mL,'”-'8 43 patients were

Vol. 42 No. 4/2023 © 2023. Sociedade Brasileira de Neurocirurgia. All rights reserved.
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Table 1 Characteristics and variables associated with the
outcomes of patients with normal and elevated serum levels
of ferritin

Rabelo et al.

Table 3 Characteristics and variables associated with the
outcomes of patients with normal and elevated serum levels
of vitamin B12

Note: Data are presented as numbers or percentages, except for age and
the scores on the scales and the Hunt and Hess grade, which are
presented as mean =+ standard deviation values.

Table 2 Univariate logistic regression for the prediction of
unfavorable outcomes at 6 months after intracranial aneurysm
with serum ferritin as an independent variable

Coefficients Estimate | p-value
Intercept —0.009 -
Serum ferritin (for every 100 pg/mL) | —0.040 0.732

allocated in the normal B12 level subgroup, and 6 patients, in
the elevated B12 level subgroup.

Regarding the whole population analyzed, most patients
were female, hypertensive, non-diabetic, non-smokers, with
no history of hydrocephalus nor SAH. Upon hospital admis-
sion, the median GCS score was of 14, the Hunt and Hess
grade was 2, and the WENS score was of 2. At 6 months, the
average GOS score was of was of 4.0 and the average mRS
score was of 2.4.

The normal and elevated serum B12 level subgroups were
similar to each other. More detailed information can be found
in =Table 3.

As shown in =Table 3, the groups were very similar
regarding all parameters, with no statistically significant

Arquivos Brasileiros de Neurocirurgia

Variable Normal Elevated p-value Variable Normal Elevated p-value
Number of patients 17 2 Number of patients 43 6
Age in years 59.1+10.4 | 63.0+£1.4 | 0.1857 Age in years 59.0+11.2 | 57.0+12.4 | 0.718
Female sex 87.5% 50% 0.3137 Female sex 80.5% 83.3% 0.718
Aneurysm rupture 41.2% 100% 0.2105 Hypertension 58.8% 66.6% 1.0
Hypertension 41.7% 50% 1.0 Diabetes mellitus 17.6% 16.7% 1.0
Diabetes mellitus 16.7% 50% 0.3956 Smoker 19.4% 33.3% 1.0
Smoker 25% 50% 0.5055 Hydrocephalus 24.2% 20.0% 1.0
Hydrocephalus 7.7% 100% 0.1429 Previous subarachnoid | 5.9% 0% 1.0
Previous subarachnoid 0 0 - hemorrhage
hemorrhage Score on the Glasgow 13.3£2.6 143+1.0 0.222
Score on the Glasgow | 12.5+3.8 | 9.5+3.5 | 0.4123 ggmg;g‘;‘l'e on
Coma Scale on
admission Hunt and Hess grade 2.2+1.1 2.0£1.2 0.816
Hunt and Hess grade | 2.4+1.3 20+1.4 | 0.7486 on admission
on admission Score on the World 1.9+1.3 1.8+1.0 0.766
Score on the World 21416 45407 | 0.7486 Lederat"’”. Ofl -
Federation of eurosurgical Societies
; _— scale on admission

Neurosurgical Societies
scale on admission Score on the Glasgow 3.0+1.6 45+0.9 0.187
Score on the Glasgow 3.4+1.8 4.0+1.4 0.6921 ;)tuéc%ngﬁtazale
Outcome Scale
at 6 months Score on the modified 2.5+2.1 1.8+1.3 0.325
Score on the modified | 3.0+2.2 30428 | 1.0 Rankin Scale

- at 6 months
Rankin Scale
at 6 months Note: Data are presented as numbers or percentages, except for age and

the scores on the scales and the Hunt and Hess grade, which are
presented as mean =+ standard deviation values.

values (p>0.05) other than the serum level of B12. The
(univariate) analysis was performed considering the impact
of the serum level o B12 on the mRS score at 6 months.

We analyzed the influence of serum B12 on the mRs score
at six months for the entire B12 group (~Table 4-model 1).
The OR for every 100 pg/mL increase was of 0.998 (95%CI:
0.826-1.206; p=0.987).

The multivariate analysis regarding the mRs score at
6 months, serum B12 levels, age (considering a 60-year
cut), hypertension, and aneurysm rupture in the model
(~Table 4-model 2) was also evaluated. There were no
statistically significant findings (p>0.05). Hypertension
was the closest to significancy (OR=7.23; 95%CI: 0.741-
70.684; p=0.088). The OR for every 100 pg/mL increase in
the serum level of B12 was of 1.086 (95%Cl: 0.847-1.392;
p=0.513).

Discussion

The serum levels of ferritin and B12 did not appear to change
the mRS or GOS scores at six months among the IA patients

included in the present analysis. Although the serum levels of

ferritin were not observed to be a proper indicator of the
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Table 4 Model 1: Logistic regression with serum B12 as an
independent variable. Model 2: Multivariate logistic regression
with serum B12, age, hypertension, and aneurysm rupture as
independent variables

Model 1

Coefficients Estimate p-value
Intercept —0.534 -
Serum B12 (for every 100 pg/mL) —0.001 0.987
Model 2

Coefficient Estimate p-value
Intercept —4.364 -
Serum B12 (for every 100 pg/mL) 0.082 0.513
Age (> 60 years) 1.263 0.189
Aneurysm rupture 0.938 0.335

patient’s functional outcome, they might still be correlated in
some way with the formation and progression of IAs. In its
conjugated form, heavy-chain ferritin (HFn) may contribute
to a better magnetic resonance imaging (MRI) examination,
since it is associated to inflammation and angiogenesis,
being a positive indicator of atherosclerosis and aneurysm
diseases.” Ferritin oxidates and stores redox-active iron,
reducing oxidative stress, which is linked to heme and
endoplasmic reticulum stress. These processes are correlated
to vasculopathies such as atherosclerosis, diabetes, and
vascular brain events, such as IAs.'® Higher serum levels of
ferritin in the cerebrospinal fluid have been reported after
the occurrence of SAH, which is one of the most dangerous
consequences of IA rupture.m In adults, high serum levels of
ferritin are related to Kawasaki disease, a syndrome associ-
ated with coronary artery aneurysms.'' Finally, total iron
binding capacity (TIBC) has been reported to be significantly
and inversely associated with IA rupture, but no significant
association regarding the serum levels of iron and ferritin
were observed.??

Just like the serum levels of ferritin levels, those of vitamin
B12 do not seem to determine the prognosis of IA patients,
but could be associated with IA pathogenesis. Vitamin B12
analog neutralizes radicals, preventing aortic wall degener-
ation by scavenging free radicals and having antioxidant
properties.?! Pyridoxal 5-phosphate (vitamin B6) is an inde-
pendent risk factor for abdominal aortic aneurysm (AAA).

Aneurysm are formed after the elastic lamellae of the
vascular wall are degraded and the collagen production is
enhanced. Vitamin B6 is responsible for lysyl oxidase, the
enzyme that leads to cross-linking collagen and elastin,
enabling the formation of aneurysms. Lower levels of B6
inhibit lysyl oxidase and prevent the formation of AAAs.??

Homocysteine

Homocysteine is an amino acid, and its irregular metabolism
can lead to high pathological levels. Hyperhomocysteinemia
is associated with atherosclerosis, hypertension, vascular
calcification, and aneurysm formation. The pathogenic
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mechanism of hyperhomocysteinemia involves oxidative
stress, generating vascular inflammation, stress of the endo-
plasmic reticulum, methylation, and demethylation of genes,
altering their expressiveness, and altering protein
functions.”> High homocysteine levels have been reported
in 68% of AAA patients.24 However, there is no consensus in
the literature regarding the relationship between vitamin
B12 and homocysteine levels. Even though some articles
argue that there is no relationship between B12 and homo-
cysteine and, accordingly, neither there is one between B12
and aneurysms,ZS‘27 others support the hypothesis that
higher levels of B12 generate lower levels of homocysteine;
therefore, they indicate vitamin supplementation as a pro-
tective tool.?*?82% Moreover, a significant inverse correla-
tion between B12 levels and the maximum diameter of
unruptured AAAs has been reported.>°

Limitations of the Study

A limitation of the present study is that data was only
collected from one reference center in the city of Sdo Paulo,
Brazil. Another limitation is that the study involved prospec-
tive collection of data from charts, which makes certain
biases inevitable. Also, some charts were lacking informa-
tion. Furthermore, only a minority of patients met all inclu-
sion criteria, and some were lost follow-up before the
analysis at six months, which resulted in a small sample,
restricting the strength of the conclusions of the present
article. However, to the best of our knowledge, the present is
the first study to analyze the influence of the serum levels of
ferritin and B12 in the functional outcome of patients with
ruptured and unruptured IAs.>

Conclusion

The serum levels of ferritin and B12 levels do not seem to have
an impact on the long-term outcomes after SAH. Despite that,
ferritin and B12 may still be associated with the pathophysio-
logical process of aneurysm formation, since they are correlated
to the inflammatory process and homocysteine levels. There-
fore, broader future investigations regarding these relation-
ships may still be promising.
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