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Abstract

Ischemic strokes are one of the most important causes of mortality and mobility in the
industrialized countries, including Portugal. In recent years, reperfusion therapies of ischemic
stroke as improved and nowadays the use of thrombolysis and thrombectomy is indicated in a
increasing number of patients. Anemia is a common pre-morbid condition in ischemic stroke
patients, and it has a negative impact on the functional outcome and mortality of patients
treated with a conservative approach. Its effect on patients subjected to reperfusion therapy
still requires further study.

We studied the effect of anemia before and until 24 hours after reperfusion therapies
on the prognosis of ischemic stroke patients.

We conducted a retrospective case-control analysis of ischemic stroke patients
admitted to our comprehensive stroke centre and submitted to reperfusion therapy
(thrombectomy and/or thrombolysis) between January and December of 2019

We reviewed 332 patients, of which 84 patients were excluded. We included 248
patients in the analysis with a median age of 76 years old, with 41.9% being male.

At baseline, the median Hb level was 13.5 mg/dL and after procedure there was a
median drop of 0.8 mg/dL of Hb. Furthermore, according to the WHO criteria, 21.8% of the
cohort presented with anemia, of which two thirds were mild. However, after reperfusion
therapy, 41.9% of the cohort had anemia.

We found that the presence of anemia (before treatment and after treatment) in
ischemic stroke patients was associated with a worse functional outcome and mortality rates.

Only patients submitted to EVT showed an association with worse functional outcome
(p = 0,044) and patients submitted to IVT (p = 0,024) an association with worse survival. No
statistically significant difference was found in the outcomes for any of the other treatment
modalities, however there was a tendency towards worse functional and mortality outcomes in
anemic patients in every treatment subgroup.

Our study demonstrates that the presence of anemia (both at admission and in the first
24 hours after the procedure) is associated with a worse degree of disability as well as to a higher
rate of mortality in the first 3 months, however this association might be driven by other factors.
Nevertheless, this might present as an interesting and important factor for further studies and
for improvement in strategies of nationwide stroke prevention



Resumo

O acidente vascular cerebral (AVC) isquémico é uma das principais causas de
morbilidade e mortalidade nos paises industrializados, incluindo Portugal. Recentemente, as
terapias de reperfusdo melhoraram e atualmente a utilizacdo de trombdlise (IVT) e
trombectomia (EVT) estd indicada num numero cada vez maior de doentes. A anemia é
frequentemente observada como uma condigao pré-mdrbida dos doentes com AVC isquémico,
apresentando um efeito negativo no progndstico dos doentes com AVC isquémico tratados
conservadoramente. No entanto, o seu efeito em doentes tratados com terapéuticas de
reperfusdo ainda permanece fracamente estudado.

Estudamos o efeito que a anemia pré-procedimento de reperfusdo, assim como o
desenvolvimento de anemia nas primeiras 24 horas pds-procedimento, terd no progndstico de
doentes com AVC isquémico.

Realizdmos uma analise caso-controlo retrospetiva dos doentes com AVC isquémico
submetidos a tratamentos de reperfusdo (trombectomia e/ou trombdlise) entre janeiro e
dezembro de 2019.

Recolhemos dados de 332 doentes, dos quais 84 foram excluidos. Incluimos 248
pacientes na andlise, com uma idade mediana de 76 anos, dos quais 41,9% eram do sexo
masculino.

Demonstramos que a presenca de anemia (antes e apds tratamento) estd associada a
um pior prognéstico funcional e a uma pior taxa de mortalidade nos doentes com AVC
isquémico.

Apenas nos pacientes submetidos a trombectomia encontrdmos uma associagao com
um pior progndstico funcional (p = 0,044) e apenas nos pacientes submetidos a trombdlise
encontrdmos uma associagdo com piores taxas de sobrevivéncia (p = 0,024). Nenhuma diferenca
estatisticamente significativa foi encontrada para os outcomes em qualquer um dos outros
subgrupos de tratamento, no entanto houve uma tendéncia para um pior progndstico funcional
e para uma pior taxa de mortalidade em doentes anémicos em todos os grupos.

O nosso estudo demonstrou que a presenca de anemia (tanto antes da admissdo como
nas primeiras 24 horas apds o procedimento) esta associada a um pior progndstico funcional
assim como a uma maior taxa de mortalidade nos primeiros 3 meses, no entanto esta associacdo
pode ser devida a outros fatores. Ainda assim, este pode ser um fator importante para estudos
futuros e para o melhoramento das estratégias de prevenc¢do de AVC a nivel nacional.
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Abstract

Ischemic strokes are one of the most important causes of mortality and mobility in the
industrialized countries, including Portugal. In recent years, reperfusion therapies of ischemic
stroke as improved and nowadays the use of thrombolysis and thrombectomy is indicated in a
increasing number of patients. Anemia is a common pre-morbid condition in ischemic stroke
patients, and it has a negative impact on the functional outcome and mortality of patients
treated with a conservative approach. Its effect on patients subjected to reperfusion therapy
still requires further study.

We studied the effect of anemia before and until 24 hours after reperfusion therapies
on the prognosis of ischemic stroke patients.

We conducted a retrospective case-control analysis of ischemic stroke patients admitted
to our comprehensive stroke centre and submitted to reperfusion therapy (thrombectomy
and/or thrombolysis) between January and December of 2019
We reviewed 332 patients, of which 84 patients were excluded. We included 248 patients in the

analysis with a median age of 76 years old, with 41.9% being male.


mailto:pedromacc@med.up.pt
https://twitter.com/fmupnews
https://www.facebook.com/paginaFMUP

At baseline, the median Hb level was 13.5 mg/dL and after procedure there was a median drop
of 0.8 mg/dL of Hb. Furthermore, according to the WHO criteria, 21.8% of the cohort presented
with anemia, of which two thirds were mild. However, after reperfusion therapy, 41.9% of the

cohort had anemia.

We found that the presence of anemia (before treatment and after treatment) in ischemic
stroke patients was associated with a worse functional outcome and mortality rates.
Only patients submitted to EVT showed an association with worse functional outcome (p =

0,044) and patients submitted to IVT (p = 0,024) an association with worse survival. No
statistically significant difference was found in the outcomes for any of the other treatment
modalities, however there was a tendency towards worse functional and mortality outcomes in

anemic patients in every treatment subgroup.

Our study demonstrates that the presence of anemia (both at admission and in the first 24 hours
after the procedure) is associated with a worse degree of disability as well as to a higher rate of
mortality in the first 3 months, however this association might be driven by other factors.
Nevertheless, this might present as an interesting and important factor for further studies and

for improvement in strategies of nationwide stroke prevention.

Introduction

The central factor in the pathophysiology of ischemic stroke is the impairment of oxygen and
glucose supply due to vessel occlusion. (1) The brain receives 15% of resting cardiac output and,
among all human organs, it is the least tolerant of ischemia.(2) After the infarct core is rapidly
destroyed, the penumbra may still be salvaged, however survival of penumbra tissue depends
on timely reperfusion and collateral perfusion.(1, 3) Currently two reperfusion techniques are
indicated on selected cases of acute ischemic stroke (AIS): intravenous thrombolysis (IVT) and

endovascular thrombectomy (EVT).(4)

Although collateral perfusion is paramount, it seems only logical that optimal oxygen-carrying
capacity in the blood (strongly related to the hemoglobin level) might also be decisive for
penumbral fate and neurons survival, as the brain tissue depends mainly on oxidative sources

of energy.(1)

In fact, changes on hemoglobin (Hb) level are frequent and anemia is present on admission in

up to 25% of patients with AIS.(5)

Two meta-analysis have shown that the presence of anemia is related to an increase in the

mortality risk in patients with stroke but they have also presented notoriously asymmetrical



funnel plots, which raises some concern on whether these results might be influenced by
publication bias.(6, 7) The outcome of many of these studies was mortality and not long-term
disability, which suggests that this topic still deserves some debate and new analysis. Two
studies have investigated the effect of anemia on outcome in thrombolysis-treated patients and
only one study has looked into the association between anemia and both thrombectomy and
thrombolysis-treated patients, concluding that anemia was an independent predictor for poor

functional outcome and mortality in IVT-treated stroke patients. (1, 5, 8)

Previous studies evaluated the association between anemia on admission and development of
anemia during hospital stay or up to 5 days after stroke, however AlS patients treated with IVT
or EVT will have either been reperfused successfully or will have a definite infarct core by 24

hours after symptom onset.(9)

Therefore oxygen-transport capacity must be optimal mainly during the hyperacute and acute

phase of AlS (first 24 hours).

When taking into consideration anemia and Hb levels, we must also consider other factors,

including hemodilution and blood viscosity.

Besides, anemia might also be responsible for some indirect and less obvious effects which
might as well play an important role: for instance, it has been found that anemic patients who
underwent cardio-pulmonary bypass had an increased incidence of neurological injuries in the
setting of a paradoxical cerebral hyperemia, as the increase in the cerebral blood flow was

responsible for a concomitant increase in the risk of embolic events.(10)

So far, the optimum Hb level in acute ischemic stroke and the prognostic value of anemia in IVT

and EVT treated patients remain unclear and definite guidelines are still lacking.(4)

The aim of this study is to study the impact of the presence of anemia in early neurological

recovery as well as functional outcome of stroke patients treated with EVT and IVT.

Methods

Study Population

We included all ischemic stroke patients admitted to our comprehensive Stroke Center with 218
years of age with acute ischemic stroke of the anterior circulation who received intravenous
thrombolysis or endovascular thrombectomy between January 2019 and December 2019. We
excluded posterior circulation strokes, patients with active cancers, absent or inadequate
imaging at 24 hours, and no follow-up data at 90 days. This study was approved by the local

Ethics Committee.



Data collection and clinical variables

Demographic and clinical data, including vascular risk factors, previous medications, past
medical history, signs of acute inflammatory response (Blood Pressure, temperature, heart rate
and respiratory rate) in the first 24 hours after treatment were retrospectively collected.
National Institute of Health Stroke Scale (NIHSS) scores were recorded at baseline and at 24
hours after recanalization. Stroke etiology was classified according to the Trial of Org 10172 in

Acute Stroke Treatment scale (TOAST).

Laboratory parameters

Admission and at 24h laboratory results of hemoglobin (Hb), hematocrit (Hct), white blood cell
count and platelet count were collected retrospectively, as well as levels of vitamin B12, folates
and ferritin in the first 24 hours.(11) The levels of Hb were recoded into a dichotomic variable (0
= absence of anemia and 1 = presence of anemia), following the WHO reference values for
anemia for both male and female subjects (i.e. anemia in non-pregnant women and in men over

15 years of age corresponds to a value of Hb below 12 g/dL and 13 g/dL respectively).(19)

Radiological endpoints

Computed tomography (CT) was performed at admission and 24 hours after therapy. The
Alberta Stroke Program Early Computed Tomography Score (ASPECTS) was calculated at
admission.(12) Large-vessel occlusion was evaluated with the admission CT angiography.
Recanalization was classified using the modified Thrombolysis In Cerebral Infarction scale
(TICI).(13) The 24-hour CT scan was performed in a single machine (Siemens Somaton Emotion
Duo, Erlangen, Germany) to determine the infarct volume and the presence of intracerebral

hemorrhage. Infarct volume was estimated using the AxBxC/2 method.(14)

Clinical outcomes

We assessed the functional outcome by a dichotomization of the modified Rankin scale (mRS):
3-6 (dependent or dead) versus 0-2 (independent) at 90 days. We also evaluated the initial
response to recanalization therapy with early neurological deterioration (END), defined as any

increase in NIHSS at 24 hours from the baseline.

Statistical analysis
Statistical analyses were performed using IBM SPSS Statistics® version 25. Significance was set
at p<0.05. Testing for normality was performed with the Shapiro Wilk Test. We investigated

associations between Hb and outcome measures using Hb as a continuous variable and as a



categorical variable distinguishing anemia and degrees of anemia as previous stated and

according to WHO.

Continuous data were summarized as mean and standard deviation or median and interquartile
range when appropriate. We used Chi-square test and Fisher’s exact test for categorical

variables where appropriate and the Mann—Whitney U-test for continuous variables.

Results
We reviewed 332 patients, of which 84 patients were excluded. We included 248 patients in the
analysis. Baseline characteristics of the cohort are displayed on Table 1. The median age of the

cohort was 76 years old, with 41.9% male.

Previous stroke/transient ischemic attack (TIA) and acute myocardial infarction (AMI) were
present in 19.8% and 7.7% of the cohort, respectively. 32.7% of the cases were under
antiplatelet therapy. Although atrial fibrillation (AF) was identified in 29.4% of patients, only
13.8% were already under anticoagulation therapy, showing the work still to be done in early
identification of AF. Baseline median NIHSS was 15 and although around 44% of stroke was

classified as cardioembolic, still around 28.6% had a negative complete evaluation.

At baseline, the median Hb level was 13.5 mg/dL and Hct level was 40.1% and after procedure
there was a median drop of 0.8 mg/dL of Hb. Furthermore, according to the WHO criteria, 21.8%
of the cohort presented with anemia, of which two thirds were mild. However, after reperfusion

therapy, 41.9% of the cohort had anemia.



Baseline characteristics Cohort N=248 | Thrombolysis | EVT N =95 IVT+EVT
(100%0) N=84 N=69
Demographic and clinical characteristics
Male, n (%) 104 (41.9) 41 (48.8) 31 (32.6) 32 (46.4)
Age — years, median (IQR) 76 (17) 76 (18) 76 (18) 76 (18)
Independent — n (%) 202 (81.5) 67 (79.8) 75 (78.9) 60 (87.0)
Hypertension, n (%) 190 (76.6) 68 (81.0) 72 (75.9) 50 (72.5)
Diabetes mellitus, n (%) 76 (30.6) 31 (36.9) 25 (26.3) 20 (29.0)
Dyslipidemia, n (%) 164 (66.1) 62 (73.8) 61 (64.2) 41 (59.4)
Atrial Fibrillation, n (%) 73 (29.4) 8 (9.5) 47 (49.5) 18 (26.1)
Previous Stroke/T1A, n (%) 49 (19.8) 15 (17.9) 23 (24.2) 11 (15.9)
Previous AMI, n (%) 19 (7.7) 7 (8.3) 7(7.4) 5(7.2)
Heart Failure, n (%) 41 (16.5) 8 (9.5) 22 (23.2) 11 (15.9)
Chronic hepatic disease, n (%) 5 (2.0) 0 (0) 3(3.2) 2(2.9)
Hypothyroidism, n (%) 12 (4.8) 4 (4.8) 5 (5.3) 3(4.3)
Auto-immune disease, n (%) 6 (2.4) 0 (0) 4 (4.3) 2(2.9)
Antiplatelet, n (%) 81 (32.7) 34 (40.5) 24 (25.3) 23 (33.3)
Anticoagulation, n (%) 34 (13.8) 2(2.4) 30 (31.5) 2(2.8)
GFR, in mg/dL, median (IQR) 81.5 (34.8) 80 (42.0) 80.5 (34.8) 85 (28.0)
Stroke characteristics
Baseline NIHSS, median (IQR) 15 (12) 8 (12) 16 (9) 18 (12)
Glycemia—mg/dL, median (IQR) | 130 (49) 132.5 (59) 129 (51) 133 (40)
Systolic BP admission - mmHg, | 145 (24) 149 (24) 142 (33) 141 (25)
mean (SD)
Diastolic BP admission — mmHg, | 80 (15) 82 (14) 78 (16) 79 (23)
mean (SD)
ASPECTS at admission, median | 10 (2) 10 (0) 9(3) 9(2)
(IQR)
Collateral Score, n (%)
0 3(1.6) 1(1.6) 1(1.3) 1(1.9)
1 29 (15.3) 6 (9.8) 10 (13.3) 13 (24.5)
2 36 (19.0) 4 (6.6) 25 (33.3) 7(13.2)
3 120 (63.5) 50 (82.0) 38 (50.7) 32 (60.4)
4 1(0.5) 0 (0) 1(1.3) 0 (0)
Etiology
Cardioembolic, n (%) 109 (44) 16 (19.0) 60 (63.2) 33 (47.8)
Large Artery Atherosclerosis, n | 39 (15.7) 18 (21.4) 9 (9.5) 12 (17.4)
(%)
Small vessel disease, n (%) 4 (1.6) 4 (4.8) 0 (0) 0 (0)
Other (Carotid Dissection), n (%) | 6 (2.4) 1(1.2) 4(4.2) 1(1.4)
Incomplete evaluation, n (%) 15 (6.0) 4 (4.8) 6 (6.3) 5(7.2)
Negative Evaluation, n (%) 71 (28.6) 38 (45.2) 16 (16.8) 17 (24.6)
Hb parameters
Hb pre procedure — g/dL, median | 13.5 (2.3) 13.4 (2.4) 13.2 (2.4) 14.1 (2.08)
(IQR)
Hct pre procedure - %, median | 40.1 (6.0) 40.2 (5.9) 39.4 (6.0) 41.6 (6.3)
(IQR)
White Blood Cell Count in | 8.96 (4.28) 8.08 (3,83) 9.23 (4.73) 9.67 (4.85)
1079/L, median (IQR)
Platelet count in 1079/L, median | 210 (86) 202 (86) 204 (97) 214 (79)
(IQR)
Hg post procedure — g/dL, | 12.5(2.0) 12.7 (1.8) 12.1 (2.3) 12.9 (2.2)
median (IQR)
Hct post procedure - %, median | 37.4 (7.0) 38.9(5.2) 36.3(6.2) 38.0 (6.7)

(IQR)




Vitamin B12 deficiency, n (%) 21 (8.5) 7 (8.3) 6 (6.3) 8 (11.6)
Folate deficiency, n (%) 0 (0) 0 (0) 0 (0) 0 (0)
Iron Deficiency, n (%) 1(0.4) 0 (0) 1(1.1) 0 (0)
Delta Hg - g/dL, median (IQR) -0.8 (-1.27) -0.8 (-1.3) -0.9 (-1.1) -0.85 (-1.45)
Delta Hct - %, median (IQR) -2 (-3.5) -1.7 (-3) -2 (-3.9) -2.15 (-3.77)
Anemia pre-procedures, n(%) 54 (21.8) 20 (23.8) 23 (24.2) 11 (15.9)
Anemia post procedures, n(%) 104 (41.9) 33 (39.3) 48 (50.5) 23 (33.3)
Anemia Degree pre procedure
Mild n(%) 36 (14.5) 13 (15.5) 15 (15.8) 8 (11.6)
Moderate/Severe, n(%) 18 (7.3) 7 (8.3) 8 (8.4) 3(4.3)
Anemia Degree post procedure
Mild n(%) 65 (26.2) 23 (27.4) 28 (29.5) 14 (20.3)
Moderate/Severe,n (%) 39 (15.7) 10 (11.9) 20 (21.1) 9 (13.0)
Post-intervention characteristics
mTICI 2b-3, n (%) 189 (78.8) 71 (84.5) 70 (73.7) 48 (69.6)
Presence of SIRS, n (%) 49 (19.8) 12 (14.3) 17 (17.9) 20 (30.8)
24 hours NIHSS, median (IQR) | 10 (16) 4 (8) 14 (15) 13 (15)
Discharge/7 days NIHSS, median | 7 (16) 2 (6) 12.5(17) 9.5 (14)
(IQR)
Infarct volume — ml, median | 15 (50) 1.3 (16) 25.8 (49.7) 29.9 (84.1)
(IQR)
sICH, n (%) 63 (25.4) 10 (11.9) 29 (30.5) 24 (34.8)
ICH Classification, n (%)
H1 14 (5.6) 3 (3.6) 6 (6.3) 5(7.2)
H2 37 (14.9) 4 (4.8) 21 (22.1) 12 (17.4)
PH1 8 (3.2) 2 (2.4) 1(1.2) 5(7.2)
PH2 4 (1.6) 1(1.2) 1(1.2) 2 (2.9)
Outcomes
Early Neurological | 73 (29.6) 16 (19.0) 35 (37.2) 22 (31.9)
Deterioration, n (%)
Dependent at 3 months, n (%) 147 (59.3) 37 (44.0) 65 (68.4) 45 (65.2)
Dead at 3 months, n (%) 44 (17.7) 12 (14.3) 21 (22.1) 11 (15.9)

Table 1 Outcome and descriptive baseline statistics of 287 subjects (sorted by treatment)

Comparative analysis between anemic patients and non-anemic patients before and after
treatment reperfusion was performed (Table 2) and the outcomes and represented in Figures 1,
2, 3 and 4). Anemic patients before and after reperfusion therapies had worse functional
outcome at 3 months (p-value 0.005 and 0.002 respectively) and higher mortality at 3 months

(p-value 0.002 and 0.022) respectively, despite similar rates of early neurological deterioration.

It is worth noting however that anemic patients before and after reperfusion therapies had a
few differences. Anemic patients were older, were less often functionally independent, had
higher rates of hypertension, diabetes mellitus, heart failure, lower glomerular filtration rate

and a worse NIHSS at baseline. (p-value <0.05).

Anemic patients had similar ASPECTs and Collateral scores at admission, reperfusion successes

(mTICI) and similar rates of hemorrhagic transformation (p-value >0.05).




Baseline Cohort N=248 (100%) p-value Cohort N=248 (100%) p-value
characteristics
Normal Hb | Anemia Normal Hb | Anemia
pre- pre- pos- pos-
reperfusion | reperfusion reperfusion | reperfusion
N=166 N=54 N=126 N=104
Demographic and
clinical
characteristics
Male, n (%) 77 (44) 20 (37.0) 0.370 53 (42.1) 49 (47.1) 0.443
Age — years, | 73(19) 82 (12) <0.001** | 74 (17) 78 (17) 0.013*
median (IQR)
Independent — n | 145 (87.3) 37 (68.5) 0.001** | 114 (90.5) 75 (72.1) <0.001**
(%)
Hypertension, n | 117 (70.5) 48 (88.9) 0.007* 91 (72.2) 87 (83.7) 0.039*
(%)
Diabetes mellitus, | 46 (27.7) 20 (37.0) 0.194 32 (25.4) 40 (38.5) 0.033*
n (%)
Dyslipidemia, n | 106 (63.9) 38 (70.4) 0.382 82 (65.1) 74 (71.2) 0.326
(%)
Atrial Fibrillation, | 42 (25.3) 17 (31.5) 0.373 29 (23.0) 29 (27.9) 0.397
n (%)
Previous 38 (22.9) 7 (13.0) 0.116 27 (21.4) 20 (19.2) 0.681
Stroke/TIA, n (%)
Previous AMI, n | 14 (8.4) 3(5.6) 0.491 11 (8.7) 5 (4.8) 0.245
(%)
Heart Failure, n | 19 (11.4) 15 (27.8) 0.004* 10 (7.9) 22 (21.2) 0.004**
(%)
Chronic  hepatic | 4 (2.4) 2(3.7) 0.253 2(1.6) 1(1.0) 0.692
disease, n (%)
Hypothyroidism, | 8 (4.8) 4(7.4) 0.440 3(2.4) 9(8.7) 0.028*
n (%)
Auto-immune 4(2.4) 1(1.9) 0.829 2 (1.6) 3(2.9) 0.473
disease, n (%)
Antiplatelet, n (%) | 55 (33.1) 18 (33.3) 0.978 40 (31.7) 34 (32.7) 0.878
Anticoagulation, n | 21 (12.6) 7 (13) 0.952 12 (9.5) 15 (14.4) 0.251
(%)
GFR, in mg/dL, | 85 (29) 71.5(42.5) | 0.001** | 85(27) 79 (45) 0.013*
median (IQR)
Stroke
characteristics
Baseline NIHSS, | 13 (12) 17 (112) 0.044* 13 (13) 16 (11) 0.067
median (IQR)
Glycemia — | 128 (44) 133 (66.5) | 0.716 126 (44.5) 136 (62) 0.330
mg/dL, median
(IQR)
Systolic BP | 146 (25) 146 (22) 0.218 145 (25) 146 (25) 0.781
admission -
mmHg, mean
(SD)
Diastolic BP | 81 (16) 78 (14) 0.617 80 (15) 80 (15) 0.957
admission -
mmHg, mean

(SD)




ASPECTS at | 10 (2) 10 (2) 0.868 10 (2) 10 (2) 0.940
admission,

median (IQR)

Collateral Score, n 0.866 0.724
(%)

0 1(0.8) 1(2.2) 2(2.3) 1(1.2)

1 20 (15.5) 7 (15.6) 11 (12.8) 15 (17.4)

2 25 (19.4) 7 (15.6) 14 (16.3) 15 (17.4)

3 82 (63.6) 30 (66.7) 58 (67.4) 55 (64.0)

4 1(0.8) 0 (0) 1(1.2) 0 (0)

Etiology, n (%) 0.542 0.323
Cardioembolic, n | 68 (41.0) 26 (48.1) 49 (39.5) 46 (45.1)

(%)

Large Artery | 27 (16.3) 10 (18.5) 20 (16.1) 19 (18.6)
Atherosclerosis, n

(%)

Small vessel | 4 (2.4) 0 (0) 3(2.4) 1(1.0)

disease, n (%)

Other (Carotid | 6 (3.6) 0 (0) 5(4.0) 1(1.0)

Dissection), n (%)

Incomplete 9(5.4) 3(5.6) 10 (8.1) 3(2.9)
evaluation, n (%)

Negative 49 (29.5) 14 (25.9) 37 (29.8) 32 (31.4)

Evaluation, n (%)

Hb parameters

Hb pre procedure | 13.9 (1.7) 11.4 (1.04) | <0.001** | 14.3 (2.0) 12.4 (2.3) <0.001**
— g/dL, median

(IQR)

Hct pre procedure | 41.5 (4.1) 34.4 (3.37) | <0.001** | 42.1 (7.5) 36.8 (6.0) <0.001**
- %, median

(IQR)
White Blood Cell | 9.18 (4.29) | 8.09 (4.45) | 0.157 8.92 (4.12) | 8.97 (4.74) | 0.726
Count in 10M9/L,

median (IQR)

Platelet count in | 207 (82) 218 (112) 0.199 211 (84) 210 (96) 0.757
10M9/L, median

(IQR)

Hb post procedure | 13.0 (1.9) 10.7 (2.2) <0.001** | 13.6 (1.7) 11.6 (1.5) <0.001**
— g/dL, median

(IQR)

Hct post | 39.1 (5.0) 31.6 (6.4) <0.001** | 40.6 (4.2) 34.7 (5.4) <0.001**
procedure - %,

median (IQR)
Vitamin B12 | 13 (7.8) 6 (11.1) 0.468 10 (7.9) 10 (9.6) 0.552
deficiency, n (%)

Iron Deficiency, n | 0 (0) 0 (0) 1(1.2) 0 (0) 0.379
(%)

Delta Hg - g/dL, | -0.9 (-1.3) -0.7 (-1.1) 0.111 -0.6 (-1.1) -1.2(-1.1) <0.001**
median (IQR)

Delta Hct - %, | -2.1(-3.5) -1.8 (-3.6) 0.479 -1.4 (-3.0) -3.4 (-3.2) <0.001**
median (IQR)
Anemia pre- 3(2.4) 48 (46.2) <0.001**
procedure, n(%)
Anemia post | 44 (26.5) 48 (88.9) <0.001**

procedures, n(%)




Post-intervention
characteristics

mTICI 2b-3,n (%) | 129 (77.7) 40 (76.9) 0.564 98 (77.8) 81 (77.9) 0.882
Presence of SIRS, | 34 (20.5) 9 (16.7) 0.578 32 (25.4) 16 (15.4) 0.063
n (%)
24 hours NIHSS, | 8.0 (14) 13 (18) 0.063 8 (14) 11 (15) 0.061
median (IQR)
Discharge/7 days | 5.0 (15) 11 (19) 0.062 5 (15) 10 (16) 0.055
NIHSS, median
(IQR)
Infarct volume — | 11.2 (44.6) | 15.6(74.9) | 0.139 11.5(46.4) | 16.6(53.7) | 0.242
ml, median (IQR)
Hemorrhagic 43 (25.9) 9 (16.7) 0.165 32 (25.4) 23 (22.1) 0.561
transformation, n
(%)
Hemorrhagic 0.106 0.083
transformation
Classification, n (
%)
H1 11 (6.6) 1(1.9) 7 (5.6) 6 (5.8)
H2 26 (15.7) 4(7.4) 22 (17.5) 11 (10.6)
PH1 4(2.4) 4(7.4) 1(0.8) 6 (5.8)
PH2 2(1.2) 0 (0) 2 (1.6) 0 (0)
SICHS, n (%)

Outcomes
Early 47 (28.3) 17 (31.5) 0.656 38 (30.2) 28 (26.9) 0.621
Neurological
Deterioration, n
(%)
Dependent at 3 | 84 (50.6) 39 (72.2) 0.005* 60 (47.6) 71 (68.3) 0.002**
months, n (%)
Dead at 3 months, | 14 (8.4) 13 (24.1) 0.002** | 12 (9.5) 21 (20.2) 0.022*

n (%)

Table 2 - Comparative analysis according to the presence of anemia at admission and in the first 24 hours




Noanemia (%) NN | No anemia (%) I ]

Anemiaat. NN Anemia at... I ]
0% 20% 40% 60% 80% 100% 0% 20% 40% 60% 80% 100%
M Dependent Olndependent M Death OAlive

Figure 1 - Association between the functional outcome Figure 2 - Association between survival and the
(independent defined as mRS 0-2) and the presence of presence of anemia at admission.
anemia at admission.

Noanemia (%) NN | No anemia (%) I ]
Anemia in the first... NN Anemia in the first... I ]
0% 20% 40% 60% 80% 100% 0% 20% 40% 60% 80% 100%
M Dependent OlIndependent W Death OAlive

Figure 3 - Association between the functional outcome Figure 4 - Association between survival and the
(independent defined as mRS 0-2) and the presence in  presence of anemia in the first 24 hours.
the first 24 hours.

A similar analysis was applied to the differences between patients presenting with anemia at
admission and those without anemia for each of the three treatment modalities (IVT, EVT and
IVT plus EVT). The results are presented in Figure 5 and Figure 6. Only patients submitted to EVT
showed an association with worse functional outcome (p = 0,044) and patients submitted to IVT
(p =0,024) associated with worse survival. No statistically significant difference was found in the
outcomes for any of the other treatment modalities however there was a tendency towards

worse functional and mortality outcomes in anemic patients in every treatment subgroup.

Thrombolysis EVT Thrombolysis +
40 37 35 33 EVT
30 25 23 25 22
25 23 19
20 20
20
15 15
15 11 9
10 ’ 10 10
4
5 5 5 2
0 0 0
Anemia at No anemia Anemia at No anemia Anemia at No anemia
admission (%) (%) admission (%) (%) admission (%) (%)
ODependent MIndependent ODependent MIndependent ODependent M Independent

Figure 5 Relationship between the presence of anemia and functional outcome at 3 months for each of the treatment

modalities. IVT — Intravascular thrombolysis. EVT- endovascular thrombectomy (p = 0,192, p = 0,044, p = 0,175)
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Anemia at No anemia Anemia at No anemia Anemia at No anemia
admission (%) (%) admission (%) (%) admission (%) (%)
ODeath MAlive ODeath MAlive ODeath MAlive

Figure 6 Relationship between the presence of anemia and mortality at 3 months for each of the treatment

modalities. IVT — Intravascular thrombolysis. EVT- endovascular thrombectomy. (p = 0,024, p = 0,145, p = 0,294)

Discussion

We have found that the presence of anemia (both at admission and in the first 24 hours after
the procedure) is associated with a worse degree of disability as well as to a higher rate of
mortality in the first 3 months, however this association might be driven by other factors also
present in anemic patients. The relationship between the level of Hb and the outcome in stroke
patients had already been addressed and confirmed in previous studies (15-20), though the
presence of a publication bias has already been reported in two different meta-analysis (6, 7).
Only one recent multicenter study demonstrated a clear effect of anemia in outcome of
thrombolysis patients.(5) Previous studies addressing other treatment modalities had clear
limitations in its generability which supports the further need to address this topic in different

contexts.

The rapid change in reperfusion techniques performed on ischemic stroke patients and the
widening of treatment windows to perform them must be taken into consideration when
reviewing the effects of anemia on outcomes. We also aimed at providing new insights on the
role of anemia specifically for each treatment modality and, being the first study to address this
topic specifically for patients who were managed with both IVT and EVT. When different
treatment modalities were taken into consideration in the analysis only patients that underwent
EVT maintained a statistically significant difference in the functional outcome in this specific

group of patients (p = 0,044) and only patients in the IVT group had a statistically significant



difference in survival (p = 0,024). Further study of this specific group might provide important

conclusions on this matter.

Although lacking statistical significance there is a slight tendency towards worse outcomes
(defined either as dying or having a mRS score of less than 3) in patients with anemia when
compared with the normal Hb levels counterpart, regardless of the treatment. Though all except
two of these differences failed to be statistically significant, the homogeneity of results
throughout the different subgroups suggests that it is likely that a bigger sample in further
studies could come up with stronger evidence of the impact of anemia in different stroke

settings.

The prevalence of anemia in our dataset of stroke patients (24,5% with a 95%Cl 19,0-30,8) was
different from previously reported estimates of prevalence of anemia in the general Portuguese
population (19,9 % with a 95%Cl of 19,0-20,8), though this difference was not statistically
significant.(21) It is worth noting that, if we only consider the population of the north of Portugal
(same region as CHSJ), the gap is even wider, as the prevalence of anemia was 17,9% (no Cl
provided). This indicates that the presence of anemia is especially prevalent in patients who
present with a stroke, and it may potentiate other predictors of outcome not addressed in this

study.

There are several limitations associated with our study. Due to the retrospective observational
design of this study there are several limitations inherent to the design and generalization of
conclusions must be taken carefully. Another weakness of this study is that the division of
anemic and non anemic groups only took into consideration cut-offs defined for the general
population and not for stroke patients. Furthermore, it is possible that high levels of Hb, even in
the normal range, could also be deleterious in a stroke context.(22, 23) The existence of a true
parabolic relationship between Hb levels and the outcome of stroke patients, rather than a
linear one, might therefore be responsible for a underestimation of the anemia effect on our

results.

In fact, it is plausible to assume a parabolic relationship between these two factors when we
take into consideration the complex interplay between blood parameters like the hematocrit
and the blood rheology. The hematocrit (Hct) is the volume percentage (expressed as vol%) of
erythrocytes in the blood. The mean value is typically 0.45 in men (reference values, 0.42-0.52)
and 0.40 in women (reference values, 0.37-0.47). Hematocrit is one of the major determinants
of blood viscosity along with red blood cell deformability, and has been proved to be an

independent risk factor for cerebrovascular disorders in a few clinical studies(24).



Also, it has been hypothesized that the hemodilution of blood following the use of blood-free
solutions in fluid resuscitation might optimize blood rheology (25), which clearly shows that the
relationship between anemia and stroke outcome might not be a simple one, but rather a
complexinterplay between the benefits of having a high level of oxygen transporting Hb and the

detrimental effect of having high values of hematocrit.

Finally, it is also important to point out that our study was conducted retrospectively making use
of data that was collected for clinical management purposes. A prospective homogenous study
would be needed to confirm our findings. Conducting a regression analysis with bigger data
might also be important for clarifying if the relationship we found is truly owed to the presence
anemia on its own or if it might be better explained by the presence of other independent

factors.

Nonetheless, this might present as an interesting and important factor for further studies and

for improvement in strategies of nationwide stroke prevention.
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Declaro por minha honra que as informagoes pz‘esmfia—s neste questiondrio sGo verdadeiras. Mais declaro que, du-
rante o estudo, serdo respeitadas as recomendagdes constantes da Declaragfo de Helsin qum (1960 e respetivas
emendas), e da Organizagdo Mundial da Saude, Convencéo de Oviedo e das “Boas Praticas Clinicas” {GCP/ICH) no
que se refere a experimentacéo que envolve seres humanos. Aceito, também, a recomendagdo da CES de que o re-
crutamento para este estudo se fard junto de doentes que ndo tenham participado em outro estudo, nos ultimos trés

meses. Comprometo-me a entregar & CES o relatorio final da investigagéo, assim que conclyl

Porta, 13 de outubro de 20189 /7
Nome legivel: Miguel Carvalho Neto de Queirds Pimenta ' )

N /

e
Parecer da Comisséo de Etica do Centro Hospitalar de Séo Jodo/ FMUP

A Comissio de Etica para a Saude
APROVA por unanimidade o parecer do
Relator, pelo que nada tem a opor a
realizagio deste projecto de investigagio.
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( Numero do Pedido
n S, Pedido de Reutilizac@o de Registos Clinicos 3

< para Investigacaoe Desenvolwmento (I&D) L

iak:.w. C_JviLiH !‘ (‘4‘

1. Identificacio do{s) Investigador{es) oo coo i

1.1. Investigador Principal
Nome Miguel Carvalho Neto de Queirds Pimenta

Contactotelefénico [9111115/1(71419]18] | |

i i
i i
Endereco eletrénico miguel.97.pimenta @ gmail.com

1.2. Investigador{es) Associado(s)
Namero Total: |5 |
Nome Pedro Miguel Aratijo Campos Castro

Contactotelefénico | 9] 3] 1] 7] 2; 5@ 1582 1] ?| i

|

Endereco eletrénico pedromacc @ gmail.com
Nome Rafael Azevedo Dias

Contactotelefénico | 913[5(81916|5/4141 | | | |
Endereco eletrénico rafael27dias @ gmail.com

Nome Ana Luisa Aires da Silva

Contactotelefénico | 9] 1]6]9] 5[81013]5] I
Endereqo eletrénico ana.aires.mail @ gmail.com

1.3. Afiliagdo Institucional do Investigador Principal
1.3.1.Grupo Profissional

H 2] . N
[ ] Médicola) Enfermeiro{a) || Docente X Estudante
{ X

D Qutro. Qual?

1.3.2. Documento de identificaco pessoal ou profissional

v ] " . .. 1 4 : 3
X! Cartaode Cidadao D Bilhete de Identidade D Célula Profissional
D Cartéo de Docente [ Cartao de Estudante L] Outro. Qual?

Numerode Documento | 1141914191501 L1

Z.Enguadramento e [dentificacido do Trabalho de Investigacdo e Desenvolvimento .o

2.1.Enquadramento da investigacao

EXJ Trabalho académico de investigagio e desenvolvimento:
j Nao conferidor de grau
[X] Conferidor de graw: | | Licenciatura 1X| Mestrado D Doutoramento

@ Projetode investigacio e desenvolvimento

RAI~INODZ-U



3.Observagbes e e

.

4, Aceitacho dos Termos e Condigdes da Reutilizagdo

.

~umulativamente com as

26/2016,de 22 de mogzo? ao submeter o presente pedido concordo e fico ainda vinculado acs seguintes termos e condicfes
»  Comprometo-me amanter confidencial toda a informacao a qual vou ter acesso;

*  Naovouel

dizemr

= Naovouelaborar, nem ficar na posse, de cépiasde b

. s - .

= Comprometo-me a obter junto da Comissdo Naciona iag autorizagoes, para eventuais

bases de dados que venha a conceber e utilizar no dmbito da presente investigacio;

| .
= g 3 4

Comprometo-me adevolver ac Centro Hospitalar de 530 Jodo, na pessoa doseu Diretor Clinico, as bases de dados e o resultado
dainvestigacdo;

= Comprometo-me a ocultar os elementos de identificacdo dals) pe

rica

a quern os registos digam respeito, em futuras e

eventuais publicacdes de resultados;
= Comprometo-me aconsultar os processos clinicos nas instalagdes que me for

»  Comprometo-me a obter os necessdrios pareceres, quer da C

a
Hospltalar, sempre que necessario;
® Compmmete—mea citar as fontes sempre que publicitar o trabalho de investigacao independentemente de requerer a Certi-
dao de Reutilizacdo (DAta REuse Certificate for Research - DARE};
*  Tomeiconhecimento, que aviolagdo de qualquer dos comprorissos aqui assumidos, resuitara noapuramento de responsabili-

dades disciplinares, civis e penais eainda, a impossibilidade futura de aceder a informacao de satide para fins de investigacéo.

5. Decisdo do investigador sobre requerer a DAta REuse Certificate for Research ~ DARE =

[)23 Pretendo desde jarequerer a Certidao de Reutilizagao (DARE}
consultef e http;//portal-chsjmin-saude.pt/pages/710.

ujo sentido, valor e significado

[ - . . - 5 . . . .
{_| Naopretendorequerer a Certidao de Reutilizacio (DARE) cujo sentido, valor e significado
;

consultel em httpy//portal-chsjmin-saude.pt/pages/710.

6. Assinatura




STROBE Statement—Checkilist of items that should be included in reports of case-control studies

Item Page
No Recommendation No
Title and abstract 1  (a) Indicate the study’s design with a commonly used term in the title or the 2
abstract
(b) Provide in the abstract an informative and balanced summary of what was 2
done and what was found
Introduction
Background/rationale 2 Explain the scientific background and rationale for the investigation being 3
reported
Obijectives 3 State specific objectives, including any prespecified hypotheses 4
Methods
Study design 4 Present key elements of study design early in the paper 4-5
Setting 5 Describe the setting, locations, and relevant dates, including periods of 4
recruitment, exposure, follow-up, and data collection
Participants 6 (a) Give the eligibility criteria, and the sources and methods of case 4
ascertainment and control selection. Give the rationale for the choice of cases
and controls
(b) For matched studies, give matching criteria and the number of controls per | -
case
Variables 7 Clearly define all outcomes, exposures, predictors, potential confounders, and 4-5
effect modifiers. Give diagnostic criteria, if applicable
Data sources/ 8* For each variable of interest, give sources of data and details of methods of 4-5
measurement assessment (measurement). Describe comparability of assessment methods if
there is more than one group
Bias 9 Describe any efforts to address potential sources of bias 4
Study size 10  Explain how the study size was arrived at 4
Quantitative 11 Explain how quantitative variables were handled in the analyses. If applicable, | 2
variables describe which groupings were chosen and why
Statistical methods 12 (a) Describe all statistical methods, including those used to control for 5
confounding
(b) Describe any methods used to examine subgroups and interactions 12
(c) Explain how missing data were addressed -
(d) If applicable, explain how matching of cases and controls was addressed -
(e) Describe any sensitivity analyses -
Results
Participants 13*  (a) Report numbers of individuals at each stage of study—eg numbers 5
potentially eligible, examined for eligibility, confirmed eligible, included in the
study, completing follow-up, and analysed
(b) Give reasons for non-participation at each stage 4
(c) Consider use of a flow diagram -
Descriptive data 14*  (a) Give characteristics of study participants (eg demographic, clinical, social) 5
and information on exposures and potential confounders
(b) Indicate number of participants with missing data for each variable of 7-8
interest
Outcome data 15*  Report numbers in each exposure category, or summary measures of exposure 10-11

1



Main results 16 (a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates 8
and their precision (eg, 95% confidence interval). Make clear which confounders
were adjusted for and why they were included

(b) Report category boundaries when continuous variables were categorized 4-5

(c) If relevant, consider translating estimates of relative risk into absolute risk fora | -
meaningful time period

Other analyses 17 Report other analyses done—eg analyses of subgroups and interactions, and sensitivity 12

analyses
Discussion
Key results 18 Summarise key results with reference to study objectives 14
Limitations 19 Discuss limitations of the study, taking into account sources of potential bias or 15
imprecision. Discuss both direction and magnitude of any potential bias
Interpretation 20 Give a cautious overall interpretation of results considering objectives, limitations, 13
multiplicity of analyses, results from similar studies, and other relevant evidence
Generalisability 21 Discuss the generalisability (external validity) of the study results 15

Other information

Funding 22 Give the source of funding and the role of the funders for the present study and, if -
applicable, for the original study on which the present article is based

*Give information separately for cases and controls.

Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and
published examples of transparent reporting. The STROBE checklist is best used in conjunction with this article (freely
available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at
http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is
available at http://www.strobe-statement.org.

Transcriptions and Explanations:

1 (a) “To test our hypothesis, we conducted a retrospective case-control analysis”

1 (b) “We found the presence anemia (before treatment and after treatment) to have a statistically significant association
with the development of worse functional outcomes and mortality rates, and this relationship was also present in every
treatment subgroup analysis - though only statistically significant for the functional outcome in the thrombectomy
subgroup and for the mortality rate in the thrombolysis subgroup).”

2 “Anemia is a common pre-morbid condition in ischemic stroke patients, and it has a negative impact on the prognosis
of patients treated with a conservative approach. Its effect on patients subjected to reperfusion therapy, which aims at
rescuing ischemic cerebral tissue, still requires further study.”

3 “Thus, we planned to study the effect of both pre-procedure and early onset post-procedure anemia on the prognosis
of ischemic stroke patients subjected to reperfusion therapy.”

4 “We reviewed 332 patients, of which 84 patients were excluded. We included 248 patients in the analysis. Baseline
characteristics of the cohort are displayed on Table 1.”

5 “We included all ischemic stroke patients admitted to our comprehensive Stroke Center with >18 years of age with
acute ischemic stroke of the anterior circulation who received intravenous thrombolysis or endovascular thrombectomy
between January 2019 and December 2019.”

6 (a) “We excluded posterior circulation strokes, patients with active cancers, absent or inadequate imaging at 24 hours,
and no follow-up data at 90 days.”


http://www.strobe-statement.org/

6 (b) Not a matching study

7 “We assessed the functional outcome by a dichotomization of the modified Rankin scale (mRS): 3-6 (dependent or
dead) versus 0-2 (independent) at 90 days. We also evaluated the initial response to recanalization therapy with early
neurological recovery (ENR), defined as any decrease in NIHSS at 24 hours from the baseline.”

8 “Demographic and clinical data, including vascular risk factors, previous medications, past medical history, signs of
acute inflammatory response (Blood Pressure, temperature, heart rate and respiratory rate) in the first 24 hours after
treatment were retrospectively collected.”; “Demographic and clinical data, including vascular risk factors, previous
medications, past medical history, signs of acute inflammatory response (Blood Pressure, temperature, heart rate and
respiratory rate) in the first 24 hours after treatment were retrospectively collected.”; “Admission and at 24h laboratory
results of hemoglobin (Hb), hematocrit (Hct), white blood cell count and platelet count were collected retrospectively,
as well as levels of vitamin B12, folates and ferritin in the first 24 hours.”~

9 “We excluded posterior circulation strokes, patients with active cancers, absent or inadequate imaging at 24 hours,
and no follow-up data at 90 days.”

10 “We included all ischemic stroke patients admitted to our comprehensive Stroke Center with >18 years of age with
acute ischemic stroke of the anterior circulation who received intravenous thrombolysis or endovascular thrombectomy
between January 2019 and December 2019.”

11 “We investigated associations between Hb and outcome measures using Hb as a continuous variable and as a
categorical variable distinguishing anemia and degrees of anemia as previous stated and according to WHO.”

12 (a) “Testing for normality was performed with the Shapiro Wilk Test. Continuous data were summarized as mean
and standard deviation or median and interquartile range when appropriate. We used Chi-square test and Fisher’s exact
test for categorical variables where appropriate and the Mann—-Whitney U-test for continuous variables. The association
between anemia and each outcome was estimated by calculating odds ratios (OR) with 95% confidence intervals (95%
Cl), using binary logistic regression models.”

12 (b) “A similar analysis was applied to the differences between patients presenting with anemia at admission and
those without anemia for each of the three treatment modalities (IVT, EVT and IVT plus EVT).”

12 (c) Missing data were excluded from the analysis.

12 (d) Not applicable, no matching analysis was conducted.

12 (e) Not applicable, no sensitive analysis was conducted.

13 (a) “We reviewed 332 patients, of which 84 patients were excluded. We included 248 patients in the analysis.”

13 (b) “We excluded posterior circulation strokes, patients with active cancers, absent or inadequate imaging at 24
hours, and no follow-up data at 90 days.”

13 (c) No flow diagram was presented.

14 (a) “We included 248 patients in the analysis. Baseline characteristics of the cohort are displayed on Table 1. The
median age of the cohort was 76 years old, with 41.9% male.”

14 (b) Table 1 (no missing data presented)

15 Table 2

16 (a) “Anemic patients before and after reperfusion therapies had worse functional outcome at 3 months (p-value
0.005 and 0.002 respectively) and higher mortality at 3 months (p-value 0.002 and 0.022) respectively, despite similar
rates of early neurological deterioration.”

16 (b) “We assessed the functional outcome by a dichotomization of the modified Rankin scale (mRS): 3-6 (dependent
or dead) versus 0-2 (independent) at 90 days”; “The levels of Hb were recoded into a dichotomic variable (0 = absence
of anemia and 1 = presence of anemia), following the WHO reference values for anemia for both male and female
subjects”

16 (c) Not conducted.

17 “A similar analysis was applied to the differences between patients presenting with anemia at admission and those
without anemia for each of the three treatment modalities (IVT, EVT and IVT plus EVT).”



18 “Although lacking statistical significance there is a slight tendency towards worse outcomes (defined either as dying
or having a mRS score of less than 3) in patients with anemia when compared with the normal Hb levels counterpart,
regardless of the treatment.”

19 “Due to the retrospective observational design of this study there are several limitations inherent to the design and
generalization of conclusions must be taken carefully. Another weakness of this study is that the division of anemic and
non anemic groups only took into consideration cut-offs defined for the general population and not for stroke patients.”;
“The existence of a true parabolic relationship between Hb levels and the outcome of stroke patients, rather than a linear
one, might therefore be responsible for a underestimation of the anemia effect on our results.”; “A prospective
homogenous study would be needed to confirm our findings. Conducting a regression analysis with bigger data might
also be important for clarifying if the relationship we found is truly owed to the presence anemia on its own or if it
might be better explained by the presence of other independent factors.”

20 “We have found that the presence of anemia (both at admission and in the first 24 hours after the procedure) is
associated with a worse degree of disability as well as to a higher rate of mortality in the first 3 months, however this
association might be driven by other factors also present in anemic patients.”

21 “A prospective homogenous study would be needed to confirm our findings. Conducting a regression analysis with
bigger data might also be important for clarifying if the relationship we found is truly owed to the presence anemia on
its own or if it might be better explained by the presence of other independent factors.”

22 There were no sources of funding
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1. GENERAL

Authors should kindly note that submission implies that the content has not been published or submitted for
publication elsewhere except as a brief abstract in the proceedings of a scientific meeting or symposium.

Once the submission materials have been prepared in accordance with the Author Guidelines,
manuscripts should be submitted online at https://mc.manuscriptcentral.com/eurjneurol

Click here for more details on how to use ScholarOne.

For help with submissions, please contact Ms. Adlin Neefa at: eurjneurol@wiley.com
Author's Checklist

Read the checklist with care. Manuscripts not consistent with the checklist may be unsubmitted for
correction.

General

* Have the manuscript written or proof-read by a person proficient in English. Details of Wiley
recommended English language editing services can be found here

* Make sure the manuscript complies with the maximum word count.

¢ Enter all authors’ names and affiliations in the submission process. Please contact the office if you have
any difficulties doing so - your manuscript will be unsubmitted if any authors cannot be reached by
email. If possible, authors should provide an institutional address.

¢ Supply all information requested in the Ethical Requirements section.

* When submitting a revision, provide two revised versions: one with the changes highlighted, the other
without highlights. Delete all previous versions of the manuscript.

¢ Submit the manuscript text file as editable file, such as .doc or .docx (not as .pdf).

Report pages and references

¢ Limit your acknowledgement to max. 50 words.
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* Report IRB approval, informed consent and trial registration in the Methods section of your
manuscript. Provide a conflict of interest statement and disclose your sources of funding at the end, if
applicable.

* Use AMA Style referencing.

* Make sure each citation is present in the reference list and vice versa.

Artwork and tables

* Upload images of sufficient resolution (300 dpi for photographs, 600 dpi for line art). Photoshop or
IrfanView (free to download on the Web) may be used to produce high resolution figures. In their final
size, figures need to fit the width of a single column of text, (88 mm) or, if necessary, the full page width
(184 mm). The final size of the printed figure cannot exceed 230 x 184 mm including captions. Lettering
should be no less than 2 mm in height in the final printed figure, should be in proportion to the overall
dimensions of the figure and be consistent between figures. Where several figures are mounted
together they should be squared accurately and separated by about 5 mm. All of the figures in such a
group should have approximately the same contrast values.

* Indicate approximate positions of tables and figures in the text

* Submit the text of the manuscript, including table and figure captions, as one file and each figure/table
as a separate file.

e Submit your tables as editable files, such as .doc, .docx, .xls or .xIsx files, not as scanned or image files.

Data protection:

By submitting a manuscript to or reviewing for this publication, your name, email address, and affiliation, and
other contact details the publication might require, will be used for the regular operations of the publication,
including, when necessary, sharing with the publisher (Wiley) and partners for production and publication.
The publication and the publisher recognize the importance of protecting the personal information collected
from users in the operation of these services and have practices in place to ensure that steps are taken to
maintain the security, integrity, and privacy of the personal data collected and processed. You can learn more
at https://authorservices.wiley.com/statements/data-protection-policy.html.

Preprint policy:

European Journal of Neurology (EJoN) will consider for review articles previously available as preprints. Authors
may also post the submitted version of a manuscript to a preprint server at any time. Authors are requested
to update any pre-publication versions with a link to the final published article. Please find the full Wiley
preprint policy here.

2. AIMS AND SCOPE

The European Journal of Neurology publishes the highest quality peer-reviewed original research articles,
reviews - preferably systematic reviews, invited or unsolicited -, EAN guidelines and position papers on
pioneering efforts and innovative studies in the medical management of all neurological conditions such as
dementia, stroke, epilepsy, headache, multiple sclerosis, movement disorders, neuromuscular and infectious
diseases.

The European Journal of Neurology, the official journal of the European Academy of Neurology is an
international peer-reviewed publication that covers the whole field of neurology, with a good balance
between subspecialties. Basic science papers are welcome if they help with the understanding of an
important clinical issue, and will be published together with an editorial commentary written by a clinician.
The target audience consists of neurologists who are non-specialised in their clinical activity, and of those
who have a specific field of interest and want to be kept informed about the latest neurological innovations
and what is of interest to neurologists working in other subspecialities of neurology. Therefore, a priority will
be given, by the editors, to articles of interest for most neurologists - irrespective of their subspecialty and
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practice - and to manuscripts covering aspects at the crossroads between different subspecialties.
Manuscripts that are of interest only for a few highly specialised neurologists are more suitable for
specialised journals.

The journal is aimed at an international audience of clinicians and basic researchers in neurology. The journal
uses the most advanced production methods to ensure rapid publication and welcomes submission of
papers from all parts of the world.

3. MANUSCRIPT CATEGORIES AND REQUIREMENTS

The European Journal of Neurology publishes papers in neurology and related areas in the following
categories:

* Original Articles

® Review Articles

e Short Communications
e |etter to the Editors

e (Case reports

® Guidelines

e Editorials

e Commentaries

Original Papers: max. 3500 words including Introduction, Method, Results and Discussion. A maximum of
eight figures or tables and fifty references are allowed. Additional figures may be submitted as
supplementary material for publication online only at the discretion of the editor. This supplementary
material must be clearly labelled as supplementary on the title page and in citations throughout the
manuscript and must be uploaded as a separate file type.

Review Articles: max. 5000 words including Introduction, Method, Results and Discussion. A maximum of
eight figures or tables and fifty references are allowed. Systematic reviews are preferred. Additional figures
may be submitted as supplementary material for publication online only at the discretion of the editor. This
supplementary material must be clearly labelled as supplementary on the title page and in citations
throughout the manuscript and must be uploaded as a separate file type.

Short Communications: max. 1500 words, including only Introduction, Method, Results and Discussion. Two
tables or figures are allowed and a maximum of fifteen references.

Letters to the Editor: max. 500 words, including a maximum of five references. Letters express views about
articles published in EJoN or present ideas or findings of scientific interest that do not constitute original
research. Letters to the Editor are published online only.

Case reports: max. 750 words. One figure or table is allowed and a maximum of five references. Acceptance
of case reports is very limited, and only reports that make a major clinico-pathological or educational
contribution or suggest a significant change of diagnosis or therapy will be accepted.

Guidelines/ Consensus Statements/ Position Papers: max. 6000 words, 8 tables or figures and 100 references.
Word count does not include title page, abstract, conflicts of interest, references and legends of tables and
figures. Guidelines are prepared by task forces appointed by EAN and reviewed by the EAN Scientific
Committee. Consensus statements do not meet criteria for EAN guidelines but are produced by an EAN panel
or a subspecialty society. Position papers are produced by a group of individuals who do not represent
officially a society.

Editorials: max. 1000 words,1 table or figure and 10 references. Editorials are invited by the Editors, at their
discretion, to comment on timely and important topics. Editorials express the authors personal views and do
not represent the opinions of EJoN or the EAN.
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Commentary: max. 500 words. A maximum of five references are allowed, including the article to which the
commentary is associated. Commentaries are opinionated, subjective pieces by one or more experts on a
topic or publication and are invited by the Editors.

EJoN publishes supplements on topics of general interest. All manuscripts submitted for inclusion in a
supplement are peer-reviewed in the same way as unsolicited submissions.

4. PREPARING THE SUBMISSION

Parts of the Manuscript

The manuscript should be submitted in separate files: main text file; figures.

Main Text File

Each manuscript should have a title page with the following information:

1. A short informative title containing the major key words. The title should not contain abbreviations
(see Wiley's best practice SEO tips);

2. The full names of the authors;

3. The author's institutional affiliations where the work was conducted.

4. E-mail data of the corresponding author for correspondence, proofs and reprint requests.

5. Total word count of the manuscript including title page, references, and structured abstract;

6. A short running title of less than 40 characters;

7. Up to five keywords.

Figures and supporting information should be supplied as separate files.
Authorship

Please refer to the journal’'s Authorship policy in the Editorial Policies and Ethical Considerations section for
details on author listing eligibility.

Author Contributions

For all articles, the journal mandates the CRediT (Contribution Roles Taxonomy), for more information please
see Author Services.
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Abstract

Please provide a structured abstract (Background, Methods, Results, Conclusions) of up to 250 words. Letters
to the Editor do not have an abstract.

Keywords

Please provide five keywords. Keywords should be taken from those recommended by the US National
Library of Medicine's Medical Subject Headings (MeSH) browser list at www.nlm.nih.gov/mesh.
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Main Text

The journal uses British/US spelling; however, authors may submit using either option, as spelling of
accepted papers is converted during the production process.

Methods and Materials

If a method or tool is introduced in the study, including software, questionnaires, and scales, the author
should state the license this is available under and any requirement for permission for use. If an existing
method or tool is used in the research, the authors are responsible for checking the license and obtaining the
permission. If permission was required, a statement confirming permission should be included in the
Methods and Materials section. Authors who wish you reuse previous methods from their own research
should make sure to cite their own publications.

Please give the full name of the institutional review board or ethics committee that approved your research
protocol. If no ethics board was needed, explain why it was not needed. Indicate that the subjects or their
next-on-kin gave informed consent for participation. If you submit personal information or identifiable
images, indicate that you had the person's permission for it. If your study is a registered trial, give the name
of trial register.

Ethical Standards

Studies using human or animal subjects should include an explicit statement identifying the Institution or
Review Committee which approved the study, and preferably providing the permit number given. Editors
reserve the right to reject papers if there is doubt whether appropriate procedures were followed.

(i) Studies involving human subjects

When human subjects are used, manuscripts must be accompanied by a statement that the experiments
were undertaken with the understanding and written consent of each subject, and that the study conforms
with World Medical Association Declaration of Helsinki published on the website of the Journal of American
Medical Association. In addition, the name of the institutional review board (or appropriate review
committee) that approved the study should be given and their approval should be explicitly stated.

(ii) Studies involving experimental animals

When experimental animals are used, specify the species, strain, sex, age, supplier, and numbers of animals
used in total and for individual experimental conditions. The species should be identified in the Title or
Abstract. If genetically modified mice were used, the Standards for the publication of mouse mutant

studies (see Crusio et al., Genes, Brain and Behavior (2009) 8:1-4) should be followed. Please provide
detailed and full strain and sub-strain information and use the correct nomenclature.

The Materials and Methods section must briefly but explicitly state measures which were taken to minimize
pain or discomfort, e.g. type and dose of anesthetic used and peri-operative care, and how the number of
animals used was minimized. Experiments should be carried out in accordance with the Council Directive
2010/63EU of the European Parliament and the Council of 22 September 2010 on the protection of
animals used for scientific purposes or with the Guidelines laid down by the NIH in the US regarding the
care and use of animals for experimental procedures. In addition, the name of the Animal Use and Care
Committee or Institution that approved the study should also be given and their approval should be explicitly
stated. Work using animals that does not conform to these standards would not be repeatable in Europe or
the USA and so falls outside of the scope of the journal.

Data Sharing and Data Accessibility
Please review Wiley's policy here. This journal expects data sharing.

EJN recognizes the many benefits of archiving research data. £/N expects you to archive all the data from
which your published results are derived in a public repository. The repository that you choose should offer
you guaranteed preservation (see the registry of research data repositories at https://www.re3data.org/) and
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should help you make it findable, accessible, interoperable, and re-useable, according to FAIR Data Principles
(https://www.force11.org/group/fairgroup/fairprinciples).

All accepted manuscripts are required to publish a data availability statement to confirm the presence or
absence of shared data. If you have shared data, this statement will describe how the data can be accessed,
and include a persistent identifier (e.g., a DOI for the data, or an accession number) from the repository
where you shared the data. Authors will be required to confirm adherence to the policy. If you cannot share
the data described in your manuscript, for example for legal or ethical reasons, or do not intend to share the
data then you must provide the appropriate data availability statement. E/N notes that FAIR data sharing
allows for access to shared data under restrictions (e.g., to protect confidential or proprietary information)
but notes that the FAIR principles encourage you to share data in ways that are as open as possible (but that
can be as closed as necessary).

Sample statements are available here. If published, all statements will be placed in the heading of your
manuscript.

Permissions

Materials copied from other sources must be accompanied by a written statement from both the author and
the publisher giving permission to the EJoN for reproduction. Obtain permission in writing from at least one
author of papers still in press, of unpublished data, and of personal communications. It is the author’s
responsibility to ensure that permissions are obtained.

References

All references should be numbered consecutively in order of appearance and should be as complete as
possible. In text citations should be superscript numbers. Journal titles are abbreviated; abbreviations may
be found in the following: MEDLINE, Index Medicus, or CalTech Library.

Submissions are not required to reflect the precise reference formatting of the journal (use of italics, bold
etc.), however it is important that all key elements of each reference are included. Please see below for
examples of reference content requirements.

Journal article:

1. King VM, Armstrong DM, Apps R, Trott JR. Numerical aspects of pontine, lateral reticular, and inferior
olivary projections to two paravermal cortical zones of the cat cerebellum. ] Comp Neurol
1998;390:537-551.

Book:
2.Voet D, Voet JG.Biochemistry.. New York: John Wiley & Sons; 1990. 1223 p.

Please note that journal title abbreviations should conform to the practices of Chemical Abstracts.

For more information about AMA reference style AMA Manual of Style.

Endnotes

Endnotes should be placed as a list at the end of the paper only, not at the foot of each page. They should be
numbered in the list and referred to in the text with consecutive, superscript Arabic numerals. Keep
endnotes brief; they should contain only short comments tangential to the main argument of the paper.

Footnotes

Footnotes should be placed as a list at the end of the paper only, not at the foot of each page. They should be
numbered in the list and referred to in the text with consecutive, superscript Arabic numerals. Keep
footnotes brief; they should contain only short comments tangential to the main argument of the paper and
should not include references.

Tables
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Tables should be self-contained and complement, not duplicate, information contained in the text. They
should be supplied as editable files, not pasted as images. Legends should be concise but comprehensive -
the table, legend, and footnotes must be understandable without reference to the text. All abbreviations
must be defined in footnotes. Footnote symbols: 1, , §, ¥, should be used (in that order) and *, **, ***
should be reserved for P-values. Statistical measures such as SD or SEM should be identified in the headings.

Figure Legends

Legends should be concise but comprehensive - the figure and its legend must be understandable without
reference to the text. Include definitions of any symbols used and define/explain all abbreviations and units
of measurement.

Figures

Although authors are encouraged to send the highest-quality figures possible, for peer-review purposes, a
wide variety of formats, sizes, and resolutions are accepted.

Click here for the basic figure requirements for figures submitted with manuscripts for initial peer review, as
well as the more detailed post-acceptance figure requirements.

Colour figures

Figures submitted in colour may be reproduced in colour online free of charge. Please note, however, that it
is preferable that line figures (e.g. graphs and charts) are supplied in black and white so that they are legible
if printed by a reader in black and white.

As outlined above, colour figures may be published online free of charge, however the journal charges for
publishing figures in colour in print. Authors who supply colour figures will be sent a Colour Work Agreement
once their accepted paper moves to the production process. If the Colour Work Agreement is not returned by
the specified date figures will be converted to black and white for print publication. Instructions on how to
pay for the charges will be provided in the Colour Work Agreement.

Graphical TOC

The journal's table of contents will be presented in graphical form with a brief abstract.

The table of contents entry must include the article title, the authors' names (with the corresponding author
indicated by an asterisk), no more than 80 words or 3 sentences of text summarizing the key findings
presented in the paper and a figure that best represents the scope of the paper.

The image supplied should fit within the dimensions of 50mm x 60mm and be fully legible at this size.
Embedded Rich Media

This journal has the option for authors to embed rich media (i.e. video and audio) within their final article.
These files should be submitted with the manuscript files online, using either the “Embedded Video” or
“Embedded Audio” file designation. If the video/audio includes dialogue, a transcript should be included as a
separate file. The combined manuscript files, including video, audio, tables, figures, and text must not
exceed 350 MB. For full guidance on accepted file types and resolution please see here.

Ensure each file is numbered (e.g. Video 1, Video 2, etc.) Legends for the rich media files should be placed at
the end of the article.

The content of the video should not display overt product advertising. Educational presentations are
encouraged.

Any narration should be in English, if possible. A typed transcript of any speech within the video/audio should
be provided. An English translation of any non-English speech should be provided in the transcript.

All embedded rich media will be subject to peer review. Editors reserve the right to request edits to rich
media files as a condition of acceptance. Contributors are asked to be succinct, and the Editors reserve the
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right to require shorter video/audio duration. The video/audio should be high quality (both in content and
visibility/audibility). The video/audio should make a specific point; particularly, it should demonstrate the
features described in the text of the manuscript.

Participant Consent: It is the responsibility of the corresponding author to seek informed consent from any
identifiable participant in the rich media files. Masking a participant’s eyes, or excluded head and shoulders is
not sufficient. Please ensure that a consent form (https://authorservices.wiley.com/author-
resources/Journal-Authors/licensing/licensing-info-faqs.html) is provided for each participant.

Data Citation

Please review Wiley's data citation policy here.
Additional Files

Appendices

Appendices will be published after the references. For submission they should be supplied as separate files
but referred to in the text.

Supporting Information

Supporting information is information that is not essential to the article but provides greater depth and
background. It is hosted online and appears without editing or typesetting. It may include tables, figures,
videos, datasets, etc.

Click here for Wiley's FAQs on supporting information.

Note: if data, scripts, or other artefacts used to generate the analyses presented in the paper are available via
a publicly available data repository, authors should include a reference to the location of the material within
their paper.

General Style Points

The following points provide general advice on formatting and style.

¢ Abbreviations: In general, terms should not be abbreviated unless they are used repeatedly and the
abbreviation is helpful to the reader. Initially, use the word in full, followed by the abbreviation in
parentheses. Thereafter use the abbreviation only.

¢ Units of measurement: Measurements should be given in Sl or Sl-derived units. Visit the Bureau
International des Poids et Mesures (BIPM) website for more information about Sl units.

* Numbers: numbers under 10 are spelt out, except for: measurements with a unit (8mmol/l); age (6
weeks old), or lists with other numbers (11 dogs, 9 cats, 4 gerbils).

* Trade Names: Chemical substances should be referred to by the generic name only. Trade names
should not be used. Drugs should be referred to by their generic names. If proprietary drugs have
been used in the study, refer to these by their generic name, mentioning the proprietary name and the
name and location of the manufacturer in parentheses.

Wiley Author Resources

Manuscript Preparation Tips: Wiley has a range of resources for authors preparing manuscripts for
submission available here. In particular, we encourage authors to consult Wiley's best practice tips on
Writing for Search Engine Optimization.

Article Preparation Support: Wiley Editing Services offers expert help with English Language Editing, as
well as translation, manuscript formatting, figure illustration, figure formatting, and graphical abstract design
- S0 you can submit your manuscript with confidence.

Also, check out our resources for Preparing Your Article for general guidance about writing and preparing
your manuscript.
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Ethical Principles

Originality of work

EJoN undertakes to review only manuscripts not published or submitted elsewhere [with the exception of
guidelines or papers translated from other languages]. Confirm the originality of your manuscript by ticking
the appropriate items of the Author Guarantee Statement. We make a special effort to detect plagiarism in
our peer review process. We consider as plagiarism the presentation of data or results borrowed from
published research as well as the presence of textual sections or figures/images identical to those published
elsewhere. All manuscripts are run through the iThenticate plagiarism detection software before final
acceptance.

We do not consider as plagiarism the inclusion of data from conference abstracts or posters, results
presented at meetings or data drawn from results databases (data without interpretation, discussion,
context or conclusions in the form of tables and text).

If the editors have grounds to suspect plagiarism or redundant publication, they will contact the author for
an explanation. If no satisfactory explanation is given, they will contact the author's institution or other
appropriate authority to establish the facts. If the grounds for suspicion appear well-founded, the editors
may publish a retraction or delegate the matter to the Committee on Publication Ethics (COPE).

Informing readers of misconduct

* We publish a retraction when there is evidence of serious misconduct or an error that threatens the
integrity of the scientific literature.

* We publish an expression of concern when there are serious suspicions or concerns about the ethical
integrity of a publication, or when the investigation is not yet complete, but the editors want the alert the
readers about potential misconduct.

* We publish a correction when the text contains an error by either the author or the editorial staff.

* We publish a notice of publication misconduct to show that the author has behaved inappropriately, but
the offence is not serious enough to warrant retraction. These cases may include multiple submission,
redundant publication, self-plagiarism, reviewer misconduct, dishonesty about authorship, omission of
disclosure statements, etc.

Appeal

European jJournal of Neurology considers only appeals concerning rejected articles submitted within 1 month
after the decision. Decisions to reject based on editorial priorities will never be reversed. The decision may be
reversed when the reason to reject is based on reviews considered wrong, of poor quality, unfair, or when
there is a clear mistake. In this case, there is a discussion between the handling editor in charge of the
manuscript and the editor-in-chief (or the deputy editor when the editor-in-chief is the handling editor).
Based on their consideration, the editors may invite a third opinion. The editor-in-chief's judgment after this
process is final.

5. EDITORIAL POLICIES AND ETHICAL CONSIDERATIONS
Peer Review and Acceptance

The acceptance criteria for all papers are the quality and originality of the research and its significance to
journal readership. Except where otherwise stated, manuscripts are single-blind peer reviewed. Papers will
only be sent to review if the Editor-in-Chief determines that the paper meets the appropriate quality and
relevance requirements.

In-house submissions, i.e. papers authored by Editors or Editorial Board members of the title, will be sent to
Editors unaffiliated with the author or institution and monitored carefully to ensure there is no peer review
bias.

Wiley's policy on the confidentiality of the review process is available here.

https://onlinelibrary.wiley.com/page/journal/14681331/homepage/forauthors.html 9/16



29/03/2021 European Journal of Neurology

MEDLINE evaluates a journal's ethical policy by checking that journals ask submitting authors to provide
three things: a declaration of conflict of interest (Col), confirmation that informed consent was sought from
test subjects, and that animal rights were taken into consideration. The reviewer will then check three things
during the review:

1. Policy Exists: is there evidence in the author guidelines that the journal requires that the appropriate
ethical requirements are followed.

2. Policy is Adequate: is the policy appropriate for the journal, e.g. a review journal does not need to
have a statement on human/animal rights or informed consent.

3. Policy Consistently Followed: is there evidence in all the published articles that authors have
declared their conflicts of interest and that appropriate procedures were followed when the research
was conducted. This will be checked in the final published articles.

It is recommended that all articles include a statement regarding Col, regardless of whether or not a Col
exists - for example, “The authors have stated explicitly that there are no conflicts of interest in connection
with this article.”

There should be robust journal workflows in place to ensure all three criteria are met. Examples of failures
would be: a journal that requires authors to declare that institutional review board (IRB) approval was sought
for their research, but this is not communicated to the readers of the final article; journals that do require
declarations of informed consent, but don't say so in the author guidelines; or journals that only publish
statements when conflicts-of-interest were declared, and assume that all readers know omission means that
there aren't any conflicts.

Please review Wiley's policies surrounding human studies, animal studies, clinical trial registration,
biosecurity, and research reporting guidelines here.

Guidelines on Publishing and Research Ethics in Journal Articles

Clinical Trial registration
We only accept clinical trials that have been appropriately registered in one of the publicly accessible trial
registers, e.g. www.clinicaltrials.gov or http://isrctn.org.

Research Reporting Guidelines

Accurate and complete reporting enables readers to fully appraise research, replicate it, and use it. Authors
are expected to adhere to any research reporting standards relevant to their study. A list of the most well-
known guidelines is given here:

* Randomised trials: CONSORT

® Observational studies: STROBE

* Systematic reviews: PRISMA

* Case reports: CARE

e Qualitative research: SRQR

¢ Diagnostic / prognostic studies: STARD
* Quality improvement studies: SQUIRE
® Economic evaluations: CHEERS

¢ Animal pre-clinical studies: ARRIVE

¢ Study protocols: SPIRIT

¢ C(linical practice guidelines: AGREE

Research subjects’ rights
For research involving human subjects, we expect compliance with the principles of the Declaration of
Helsinki.

Species Names
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Upon its first use in the title, abstract, and text, the common name of a species should be followed by the
scientific name (genus, species, and authority) in parentheses. For well-known species, however, scientific
names may be omitted from article titles. If no common name exists in English, only the scientific name
should be used.

Genetic Nomenclature

Sequence variants should be described in the text and tables using both DNA and protein designations
whenever appropriate. Sequence variant nomenclature must follow the current HGVS guidelines; see
varnomen.hgvs.org, where examples of acceptable nomenclature are provided.

Sequence Data

Nucleotide sequence data can be submitted in electronic form to any of the three major collaborative
databases: DDBJ, EMBL, or GenBank. It is only necessary to submit to one database as data are exchanged
between DDBJ, EMBL, and GenBank on a daily basis. The suggested wording for referring to accession-
number information is: ‘These sequence data have been submitted to the DDBJ/EMBL/GenBank databases
under accession humber U12345'. Addresses are as follows:

¢ DNA Data Bank of Japan (DDB)J): ddbj.nig.ac.jp
* EMBL Nucleotide Archive: ac.uk/ena
¢ GenBank: ncbi.nlm.nih.gov/genbank

Proteins sequence data should be submitted to either of the following repositories:

* Protein Information Resource (PIR): georgetown.edu
® SWISS-PROT: ch/sprot/sprot-top

Publication Ethics

This journal follows the core practices of the Committee on Publication Ethics (COPE) and handles cases of
research and publication misconduct accordingly (https://publicationethics.org/core-practices).

Note this journal uses iThenticate's CrossCheck software to detect instances of overlapping and similar text
in submitted manuscripts. Read Wiley's Top 10 Publishing Ethics Tips for Authors here. Wiley's Publication
Ethics Guidelines can be found here.

ORCID
Please see Wiley's resources on ORCID here.

As part of the journal's commitment to supporting authors at every step of the publishing process, the
journal requires the submitting author (only) to provide an ORCID iD when submitting a manuscript. This
takes around 2 minutes to complete. Find more information here.

6. AUTHOR LICENSING

If your paper is accepted, the author identified as the formal corresponding author will receive an email
prompting them to log in to Author Services, where via the Wiley Author Licensing Service (WALS) they will be
required to complete a copyright license agreement on behalf of all authors of the paper.

Authors may choose to publish under the terms of the journal’s standard copyright agreement, or Open
Access under the terms of a Creative Commons License.

General information regarding licensing and copyright is available here. To review the Creative Commons
License options offered under Open Access, please click here. (Note that certain funders mandate that a
particular type of CC license has to be used; to check this please click here.)

Self-Archiving definitions and policies: Note that the journal’s standard copyright agreement allows for
self-archiving of different versions of the article under specific conditions. Please click here for more detailed
information about self-archiving definitions and policies.
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Open Access fees: If you choose to publish using Open Access you will be charged a fee. A list of Article
Publication Charges for Wiley journals is available here.

Funder Open Access: Please click here for more information on Wiley's compliance with specific Funder
Open Access Policies.

7. PUBLICATION PROCESS AFTER ACCEPTANCE
Accepted Article Received in Production

When an accepted article is received by Wiley's production team, the corresponding author will receive an
email asking them to login or register with Wiley Author Services. The author will be asked to sign a
publication license at this point.

Accepted Articles

The journal offers Wiley's Accepted Articles service for all manuscripts. This service ensures that accepted ‘in
press’ manuscripts are published online shortly after acceptance, prior to copy-editing or typesetting.
Accepted Articles are published online a few days after final acceptance and appear in PDF format only. They
are given a Digital Object Identifier (DOI), which allows them to be cited and tracked and are indexed by
PubMed. After the final version article is published (the article of record), the DOI remains valid and can still
be used to cite and access the article.

Accepted Articles will be indexed by PubMed; submitting authors should therefore carefully check the names
and affiliations of all authors provided in the cover page of the manuscript so it is accurate for indexing.
Subsequently, the final copyedited and proofed articles will appear in an issue on Wiley Online Library; the
link to the article in PubMed will update automatically.

Proofs

Authors will receive an e-mail notification with a link and instructions for accessing HTML page proofs online.
Page proofs should be carefully proofread for any copyediting or typesetting errors. Online guidelines are
provided within the system. No special software is required, all common browsers are supported. Authors
should also make sure that any renumbered tables, figures, or references match text citations and that figure
legends correspond with text citations and actual figures. Proofs must be returned within 48 hours of receipt
of the email. Return of proofs via e-mail is possible in the event that the online system cannot be used or
accessed.

Early View

The journal offers rapid publication via Wiley's Early View service. Early View (Online Version of Record)
articles are published on Wiley Online Library before inclusion in an issue. Note there may be a delay after
corrections are received before the article appears online, as Editors also need to review proofs. Before we
can publish an article, we require a signed license (authors should login or register with Wiley Author
Services. Once the article is published on Early View, no further changes to the article are possible. The Early
View article is fully citable and carries an online publication date and DOI for citations.

Brain and Behavior

This journal works together with Wiley's Open Access Journal, Brain and Behavior, to enable rapid publication
of good quality research that is unable to be accepted for publication by our journal. Authors will be offered
the option of having the paper, along with any related peer reviews, automatically transferred for
consideration by the Editor of Brain and Behavior. Authors will not need to reformat or rewrite their
manuscript at this stage, and publication decisions will be made a short time after the transfer takes place.
Brain and Behavior is a Wiley Open Access journal and article publication fees apply. For more information
please do to www.brain-behavior.com/info.

8. POST PUBLICATION
Access and Sharing
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Please review Wiley's guidelines on sharing your research here.
When the article is published online:

* The author receives an email alert (if requested).

* The link to the published article can be shared through social media.

* The author will have free access to the paper (after accepting the Terms & Conditions of use, they can
view the article).

* For non-open access articles, the corresponding author and co-authors can nominate up to ten
colleagues to receivea publication alert and free online access to the article.

Updated Author Name Change policy

In cases where authors wish to change their name following publication, Wiley will update and republish the
paper and redeliver the updated metadata to indexing services. Our editorial and production teams will use
discretion in recognizing that name changes may be of a sensitive and private nature for various reasons
including (but not limited to) alignment with gender identity, or as a result of marriage, divorce, or religious
conversion. Accordingly, to protect the author’s privacy, we will not publish a correction notice to the paper,
and we will not notify co-authors of the change. Authors should contact the journal’s Editorial Office with
their name change request.

Promoting the Article
To find out how to best promote an article, click here.
Article Promotion Support

Wiley Editing Services offers professional video, design, and writing services to create shareable video
abstracts, infographics, conference posters, lay summaries, and research news stories for your research - so
you can help your research get the attention it deserves

Measuring the Impact of an Article

Wiley also helps authors measure the impact of their research through specialist partnerships with Kudos
and Altmetric.

Archiving Services

Portico and CLOCKSS are digital archiving/preservation services we use to ensure that Wiley content will be
accessible to customers in the event of a catastrophic event such as Wiley going out of business or the
platform not being accessible for a significant period of time. Member libraries participating in these services
will be able to access content after such an event. Wiley has licenses with both Portico and CLOCKSS, and all
journal content gets delivered to both services as it is published on Wiley Online Library. Depending on their
integration mechanisms, and volume loads, there is always a delay between content being delivered and
showing as “preserved” in these products.

9. EDITORIAL OFFICE CONTACT DETAILS
For queries about submissions, please contact eurjneurol@wiley.com
Author Guidelines updated 12 February 2020

Tools

A Submit an Article

A  Get content alerts
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