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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 países industrializados, incluindo Portugal. Recentemente, as 

terapias de reperfusão melhoraram e atualmente a utilização de trombólise (IVT) e 

trombectomia (EVT) está indicada num número cada vez maior de doentes. A anemia é 

frequentemente observada como uma condição pré-mórbida dos doentes com AVC isquémico, 

apresentando um efeito negativo no prognóstico dos doentes com AVC isquémico tratados 

conservadoramente. No entanto, o seu efeito em doentes tratados com terapêuticas de 

reperfusão ainda permanece fracamente estudado. 

Estudámos o efeito que a anemia pré-procedimento de reperfusão, assim como o 

desenvolvimento de anemia nas primeiras 24 horas pós-procedimento, terá no prognóstico de 

doentes com AVC isquémico. 

Realizámos uma análise caso-controlo retrospetiva dos doentes com AVC isquémico 

submetidos a tratamentos de reperfusão (trombectomia e/ou trombólise) entre janeiro e 

dezembro de 2019. 

Recolhemos dados de 332 doentes, dos quais 84 foram excluídos. Incluímos 248 

pacientes na análise, com uma idade mediana de 76 anos, dos quais 41,9% eram do sexo 

masculino. 

Demonstrámos que a presença de anemia (antes e após tratamento) está associada a 

um pior prognóstico funcional e a uma pior taxa de mortalidade nos doentes com AVC 

isquémico. 

Apenas nos pacientes submetidos a trombectomia encontrámos uma associação com 

um pior prognóstico funcional (p = 0,044) e apenas nos pacientes submetidos a trombólise 

encontrámos uma associação com piores taxas de sobrevivência (p = 0,024). Nenhuma diferença 

estatisticamente significativa foi encontrada para os outcomes em qualquer um dos outros 

subgrupos de tratamento, no entanto houve uma tendência para um pior prognóstico funcional 

e para uma pior taxa de mortalidade em doentes anémicos em todos os grupos. 

O nosso estudo demonstrou que a presença de anemia (tanto antes da admissão como 

nas primeiras 24 horas após o procedimento) está associada a um pior prognóstico funcional 

assim como a uma maior taxa de mortalidade nos primeiros 3 meses, no entanto esta associação 

pode ser devida a outros fatores. Ainda assim, este pode ser um fator importante para estudos 

futuros e para o melhoramento das estratégias de prevenção de AVC a nível 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. 
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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 AIS 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 AIS (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 ≥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. 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 A×B×C/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 

(100%) 

Thrombolysis 

N=84 

EVT N =95 IVT+EVT 

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/TIA, 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, 

mean (SD) 

145 (24) 149 (24) 142 (33) 141 (25) 

Diastolic BP admission – mmHg, 

mean (SD) 

80 (15) 82 (14) 78 (16) 79 (23) 

ASPECTS at admission, median 

(IQR) 

10 (2) 10 (0) 9 (3) 9 (2) 

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 

(IQR) 

13.5 (2.3) 13.4 (2.4) 13.2 (2.4) 14.1 (2.08) 

Hct pre procedure - %,  median 

(IQR) 

40.1 (6.0) 40.2 (5.9) 39.4 (6.0) 41.6 (6.3) 

White Blood Cell Count in 

10^9/L, median (IQR) 

8.96 (4.28) 8.08 (3,83) 9.23 (4.73) 9.67 (4.85) 

Platelet count in 10^9/L, median 

(IQR) 

210 (86) 202 (86) 204 (97) 214 (79) 

Hg post procedure – g/dL, 

median (IQR) 

12.5 (2.0) 12.7 (1.8) 12.1 (2.3) 12.9 (2.2) 

Hct post procedure - %,  median 

(IQR) 

37.4 (7.0) 38.9 (5.2) 36.3 (6.2) 38.0 (6.7) 



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). 

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 

(IQR) 

7 (16) 2 (6) 12.5 (17) 9.5 (14) 

Infarct volume – ml, median 

(IQR) 

15 (50) 1.3 (16) 25.8 (49.7) 29.9 (84.1) 

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 (1.1) 5 (7.2) 

PH2 4 (1.6) 1 (1.2) 1 (1.1) 2 (2.9) 

Outcomes    

Early Neurological 

Deterioration, n (%) 

73 (29.6) 16 (19.0) 35 (37.2) 22 (31.9) 

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) 



Baseline 

characteristics 

Cohort N=248 (100%) p-value Cohort N=248 (100%) p-value 

 Normal Hb 

pre-

reperfusion 

N=166 

Anemia 

pre-

reperfusion 

N=54 

Normal Hb 

pos-

reperfusion 

N=126 

Anemia 

pos-

reperfusion 

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, 

median (IQR) 

73 (19) 82 (12) <0.001** 74 (17) 78 (17) 0.013* 

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, 

n (%) 

46 (27.7) 20 (37.0) 0.194 32 (25.4) 40 (38.5) 0.033* 

Dyslipidemia, n 

(%) 

106 (63.9) 38 (70.4) 0.382 82 (65.1) 74 (71.2) 0.326 

Atrial Fibrillation, 

n (%) 

42 (25.3) 17 (31.5) 0.373 29 (23.0) 29 (27.9) 0.397 

Previous 

Stroke/TIA, n (%) 

38 (22.9) 7 (13.0) 0.116 27 (21.4) 20 (19.2) 0.681 

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 

disease, n (%) 

4 (2.4) 2 (3.7) 0.253 2 (1.6) 1 (1.0) 0.692 

Hypothyroidism, 

n (%) 

8 (4.8) 4 (7.4) 0.440 3 (2.4) 9 (8.7) 0.028* 

Auto-immune 

disease, n (%) 

4 (2.4) 1 (1.9) 0.829 2 (1.6) 3 (2.9) 0.473 

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, 

median (IQR) 

85 (29) 71.5 (42.5) 0.001** 85 (27) 79 (45) 0.013* 

Stroke 

characteristics 
     

 

Baseline NIHSS, 

median (IQR) 

13 (12) 17 (11) 0.044* 13 (13) 16 (11) 0.067 

Glycemia – 

mg/dL, median 

(IQR) 

128 (44) 133 (66.5) 0.716 126 (44.5) 136 (62) 0.330 

Systolic BP 

admission -  

mmHg, mean 

(SD) 

146 (25) 146 (22) 0.218 145 (25) 146 (25) 0.781 

Diastolic BP 

admission – 

mmHg, mean 

(SD) 

81 (16) 78 (14) 0.617 80 (15) 80 (15) 0.957 



ASPECTS at 

admission, 

median (IQR) 

10 (2) 10 (2) 0.868 10 (2) 10 (2) 0.940 

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 

Atherosclerosis, n 

(%) 

27 (16.3) 10 (18.5)  20 (16.1) 19 (18.6)  

Small vessel 

disease, n (%) 

4 (2.4) 0 (0)  3 (2.4) 1 (1.0)  

Other (Carotid 

Dissection), n (%) 

6 (3.6) 0 (0)  5 (4.0) 1 (1.0)  

Incomplete 

evaluation, n (%) 

9 (5.4) 3 (5.6)  10 (8.1) 3 (2.9)  

Negative 

Evaluation, n (%) 

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

Hb parameters       

Hb pre procedure 

– g/dL, median 

(IQR) 

13.9 (1.7) 11.4 (1.04) <0.001** 14.3 (2.0) 12.4 (2.3) <0.001** 

Hct pre procedure 

- %,  median 

(IQR) 

41.5 (4.1) 34.4 (3.37) <0.001** 42.1 (7.5) 36.8 (6.0) <0.001** 

White Blood Cell 

Count in 10^9/L, 

median (IQR) 

9.18 (4.29) 8.09 (4.45) 0.157 8.92 (4.12) 8.97 (4.74) 0.726 

Platelet count in 

10^9/L, median 

(IQR) 

207 (82) 218 (112) 0.199 211 (84) 210 (96) 0.757 

Hb post procedure 

– g/dL, median 

(IQR) 

13.0 (1.9) 10.7 (2.2) <0.001** 13.6 (1.7) 11.6 (1.5) <0.001** 

Hct post 

procedure - %,  

median (IQR) 

39.1 (5.0) 31.6 (6.4) <0.001** 40.6 (4.2) 34.7 (5.4) <0.001** 

Vitamin B12 

deficiency, n (%) 

13 (7.8) 6 (11.1) 0.468 10 (7.9) 10 (9.6) 0.552 

Iron Deficiency, n 

(%) 

0 (0) 0 (0)  1 (1.2) 0 (0) 0.379 

Delta Hg - g/dL, 

median (IQR) 

-0.9 (-1.3) -0.7 (-1.1) 0.111 -0.6 (-1.1) -1.2 (-1.1) <0.001** 

Delta Hct - %, 

median (IQR) 

-2.1 (-3.5) -1.8 (-3.6) 0.479 -1.4 (-3.0) -3.4 (-3.2) <0.001** 

Anemia pre-

procedure, n(%) 

   3 (2.4) 48 (46.2) <0.001** 

Anemia post 

procedures, n(%) 

44 (26.5) 48 (88.9) <0.001**    



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

 

 

 

 

 

 

 

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, 

n (%) 

34 (20.5) 9 (16.7) 0.578 32 (25.4) 16 (15.4) 0.063 

24 hours NIHSS, 

median (IQR) 

8.0 (14) 13 (18) 0.063 8 (14) 11 (15) 0.061 

Discharge/7 days 

NIHSS, median 

(IQR) 

5.0 (15) 11 (19) 0.062 5 (15) 10 (16) 0.055 

Infarct volume – 

ml, median (IQR) 

11.2 (44.6) 15.6 (74.9) 0.139 11.5 (46.4) 16.6 (53.7) 0.242 

Hemorrhagic 

transformation, n 

(%) 

43 (25.9) 9 (16.7) 0.165 32 (25.4) 23 (22.1) 0.561 

Hemorrhagic 

transformation 

Classification, n ( 

%) 

  0.106   0.083 

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 

Neurological 

Deterioration, n 

(%) 

47 (28.3) 17 (31.5) 0.656 38 (30.2) 28 (26.9) 0.621 

Dependent at 3 

months, n (%) 

84 (50.6) 39 (72.2) 0.005* 60 (47.6) 71 (68.3) 0.002** 

Dead at 3 months, 

n (%) 

14 (8.4) 13 (24.1) 0.002** 12 (9.5) 21 (20.2) 0.022* 



 

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. 

   

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) 

11

23

9

37

0

5

10

15

20

25

30

35

40

Anemia at
admission (%)

No anemia
(%)

Thrombolysis

Dependent Independent

19

33

4

23

0

5

10

15

20

25

30

35

Anemia at
admission (%)

No anemia
(%)

EVT

Dependent Independent

9

28

2

22

0

5

10

15

20

25

30

Anemia at
admission (%)

No anemia
(%)

Thrombolysis + 
EVT

Dependent Independent

 

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

 

Figure 2 - Association between survival and the 
presence of anemia at admission. 

 

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

 

Figure 4 - Association between survival and the 
presence of anemia in the first 24 hours. 
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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 
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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%CI 19,0-30,8) was 

different from previously reported estimates of prevalence of anemia in the general Portuguese 

population (19,9 % with a 95%CI 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 CI 

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 

complex interplay 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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STROBE Statement—Checklist of items that should be included in reports of case-control studies  

 

 Item 

No Recommendation 

Page 

No 

Title and abstract 1 (a) Indicate the study’s design with a commonly used term in the title or the 

abstract 

2 

(b) Provide in the abstract an informative and balanced summary of what was 

done and what was found 

2 

Introduction 

Background/rationale 2 Explain the scientific background and rationale for the investigation being 

reported 

3 

Objectives 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 

recruitment, exposure, follow-up, and data collection 

4 

Participants 6 (a) Give the eligibility criteria, and the sources and methods of case 

ascertainment and control selection. Give the rationale for the choice of cases 

and controls 

4 

(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 

effect modifiers. Give diagnostic criteria, if applicable 

4-5 

Data sources/ 

measurement 

8*  For each variable of interest, give sources of data and details of methods of 

assessment (measurement). Describe comparability of assessment methods if 

there is more than one group 

4-5 

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 

variables 

11 Explain how quantitative variables were handled in the analyses. If applicable, 

describe which groupings were chosen and why 

5 

Statistical methods 12 (a) Describe all statistical methods, including those used to control for 

confounding 

5 

(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 

potentially eligible, examined for eligibility, confirmed eligible, included in the 

study, completing follow-up, and analysed 

5 

(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) 

and information on exposures and potential confounders 

5 

(b) Indicate number of participants with missing data for each variable of 

interest 

7-8 

Outcome data 15* Report numbers in each exposure category, or summary measures of exposure 10-11 
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Main results 16 (a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates 

and their precision (eg, 95% confidence interval). Make clear which confounders 

were adjusted for and why they were included 

8 

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

(c) If relevant, consider translating estimates of relative risk into absolute risk for a 

meaningful time period 

- 

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

analyses 

 

12 

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 

imprecision. Discuss both direction and magnitude of any potential bias 

15 

Interpretation 20 Give a cautious overall interpretation of results considering objectives, limitations, 

multiplicity of analyses, results from similar studies, and other relevant evidence 

13 

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/
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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% 

CI), 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).” 
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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 

 

 

 

  

 

 

 




























